UNIVERSy 

LIBRARY 



OU 172191 > 


73 

-< 


N I VERBAL 



VOL I 


INDEX OF SECTIONS 
for Ready Reference 

ilECTIOH PAOia 

L MUTERALOGY 1-63 

2. GEOLOGY AND MINERAL DEPOSITS 1-34 

3. EARTH EXCAVATION 1-19 

4. EXPLOSIVES 1-32 

6. ROCK EXCAVATION 1-29 

6. TUNNELING 1-29 

7. SHAFT SINKING IN ROCK 1-33 

8. SHAFT SINKING IN UNSTABLE AND WATERBEARING 

GROUND 1-26 

9. BORING 1-71 

' 10. PROSPECTING, DEVELOPMENT AND EXPLOITATION 

OF MINERAL DEPOSITS 1-640 

10-A. GEOPHYSICAL PROSPECTING 1-42 

I 11. UNDERGROUND TRANSPORT 1-47 

I 12. HOISTING PLANT, SHAFT POCKETS AND ORE BINS. . . 1-136 

, 13. DRAINAGE OF MINES 1-21 

^ It MINE VENTILATION 1-86 

/ INDEX 1-68 


For List of Subjects for Vol. II, see inside of back cover. 






MINING, ENGINEERS 
HANDBOOK 


WRITTEN BY A STAFF OF FORTY-SIX SPECIALISTS 
UNDER THE EDITORSHIP OF 

ROBERT PEELE 

Late Professor Emeritus of Mining Engineering in 
THE School of Mines, Columbia University 


WITH THE COLI^BORATION OF 

JOHN A. CHURCH 

Mining and Metallurgical Engineer 


THIRD EDITION 

Third Printing 


IN TWO VOLUMES 
VOL. I 


NEW YORK 

JOHN WILEY & aONS, In 



CoPTRiGHT, 1918, 1927, 1941 

BY 

JOHN WILEY & SONS, Inc. 
1918 Copyright renewed 1945 

All Rights Reserved 

This book or any part thereof must not 
be repi'oduced m any form without 
the written permission of the publisher. 


Copyright Canada, 1041, International Copyright, 1941 
John Wiley & Sons, Inc , Proprietors 


All Foreign Rights Reserved 
Reproduction in whole or in part forbidden 


THIRD EDITION 

Third Printing j September ^ 1.94? 


PRINTED IN THE UNITED STATES OF AMERICA 



PUBLISHER’S PREFACE 


In making plans for new editions of our handbooks in mechanical engineering and in 
electrical engmeeiing, it soon became clear that engineering science and practice had 
developed to such an extent that handbooks were growing beyond all practical bounds. 
They had become both bulky and inconvenient and contained much duplicated material. 
In order to solve the problems presented by these conditions, the editors of our various 
handbooks were asked to serve as an advisory editorial Ixiard. 

This board recommended, fiist, that the fundamental material underlying all engi- 
neering be published m a separate volume, and, second, that the existing handbooks as 
they are revised be issued m several A olumes containing material closely related to the 
specializcfl branches of engineering. As a result of these recommendations, the Wiley 
Engineering Handbook Series has lieen initiated, which m the beginning will comprise the 
following. Eshba<h’s "Handbook of Engineering Fundamentals", Kent’s ‘‘Mechanical 
Engineers’ Handbook" in two volumes, viz , "Power" and "Design and Shop Practice”; 
Pender’s "Electrical Engineers’ Handbook" in two volumes, viz , "Electric Power” and 
" C’ommunication and Electronics”, Peele’s "Mining Engineers’ Handbook.” 

This division ha^ also made it possible to devote more space to the various topics so 
that the entire new seties of handbooks contains more complete information on all topics 
than heretofore has been possible It is our hope that this new plan will give engineers 
information that is more useful, more complete, and m more convenient form. 


John Wiley & Sons, Inc. 




PREFACE TO FIRST EDITION 


There is a eoiisiderablc literature of mining, comprising treatises, textbooks, mono- 
graphs, papers published in the transactions of engineering societies, and the contents 
of the mining periodicals. The treatises and textbooks are largely descriptive, and are 
intended chiefly foi students. Among the best known aio those of Foster, Hughes, 
Haton de la Goupillicre, Kohler, C’ambessMcs, Callon, Ponson, Bulinan and Kedmayne, 
Hailes, Boulton, and Pamely. Though many of these books are antiquated m their 
engmeeiing featuies, some of the older ones (as those of Callon and Haton) contain 
much that is still of value, and mining engineers would do well to have acquaintance 
with them, liesides the geneial tieatises theic aie the more recent monographs of 
d'mscot, Hatch and (’halmeis, and Denny, on the Witwatersrand goldfields, Chaileton’s 
“Tin Mines of the Moild,” Hoover’s “Ihinciples of Mining,” hinlay’s “Cost of Mining,” 
and a number of useful books on specific subjects i elating to mining, or to the mechanical 
engmeeiing of mines. 

A valid leason for liringmg out a new Mining Engineers’ Handbook may be found 
in the fact that the two already m existence eithei omit, or treat too briefly, many sub- 
jects which constitute impoitant paits of the piofessional equipment of the present day 
mining engineei. It will be appaieiit, e\en on a cuisory examination of the following 
pages, that a handbook of mining must include a greater variety of subject matter than 
liooks on other branches of engmeeiing, and that the field to bo covered is too W'lde to 

dealt with satisfacdoiily by a single wnter within any reasonable peiiod of time. 

In l\‘bruary and Maich, 191.'!, the Ikhtor of tins book outlined the table of contents, 
and invited a numbei of Associate Edilois to contiibute sections on their respective 
specialties. Besides those sections dealing with mineralogy, ore deposits, methods of 
prospecting, exjiloration and mining, and mining plant of all kinds, there are others on 
certain btamdies of (UmI, electrical and me<*hamcal engineering. It may be thought by 
some that this collateral material otaaipies too much space m a book on mining. But, 
111 M(‘vv of th(‘ important iiart played by the allied bi’anclies of engineering m equipping 
and operating modern mines, the Ivlitor hehe\os the allotment of space is reasonable. 
He has endea\oied to meet the demands not only of engineers eonceined wuth the devel- 
oiimcnt and inanagcmcut of mines, but also of the large number of those who haNe more 
to do with, and greater i liter est m, the consti uctioii details mvohed in the installation 
of plant 'I'lieiefoie, the arm has lx‘en to supply such data on machineiy, powci plant, 
electric tiansinisMon and structural design, as the mining cngineei may need when m the 
field and out of leacli of his personal notes and technical libraiy. For office use, theio 
IS at the eiul of each section a bibliography of the moie imi>oitant books and papers on 
the subjects dealt wuth 

In practice, no well-defined boundary exists lietw'cen the helds of woik of tlie mining 
engineer and the metalhngist. While, undei some conditions and m some regions, the 
mining engineer’s funetions end with the wimiing of tlie oie and its delivery to a custom 
leductioii w'orks (mill or smelter), m othei cases the milling company’s plant includes 
a concentrating null, amalgamating or cyamding wmrks (as at many gold and sliver 
mines), or even a smelting establishment. In planning the book, the question arose as 
to how much space should jiiopeily be gi\eu to the processes of ore treatment. To 
cover any consideiable pait of the great held of modem metallurgy would be imprac- 
ticable, without extendiug the work beyoml the limits of a single volume. Realizing 
that the urgent need of a companion Handbook of Metallurgy must soon be supplied, 
It was decided, as a compromise, to furnish condensed summaiies of those processes of 
treatment whicli aie fiequently carried on by mining companies themselves. The book, 
thciefoie, contains sections on oi e-dressing, oro-tosting, gold amalgamation, an outhne 
of the cyanide process, the preparation of anthracite, bituminous coal and coke, and a 
brief rC'siime of C(Mtaiii facts lespecting the selling, purchasing, and metallurgical treat- 
ment of oies, that are of immediate interest to the engineer in control of mining 
operations 

The relatively small space allotted to coal mining is due chiefly to three considerations: 
first, a C’oal-nmimg Pocketbook is already in existence; second, metal-mining methods 

ix 



X 


PREFACE 


are more varied than those for coal, due to the greater diversity in form and occurrence 
of metalliferous deposits; third, having discussed m Section 10, under Metal-mining 
Methods, the operations common to nearly all mining, the articles on coal mimng are 
properly confined to the methods and data peculiar to that branch of the industry. 

The question of supplying cost data is difficult. A large number of itemized tables 
are included in the sections on Cost of Mining, Exploitation of Miner al Deposits, Boring, 
and other subjects, but costs of machines and apparatus are given sparingly throughout 
the book. This has been judged best, because of frequent price changes, and the great 
diversity of types of mechanical plant. In any case, to make close estimates, the engmeei 
must apply to the makers for current prices. In some paits of the book, the names of 
machinery builders have been used freely, but without intention to indicate a preference 
for the product of any particular maker. 

While the Editor has aimed to make the style and ari*angement uniform, he has had 
good reason to realize the difficulty of securing consistency in these matters, considering 
the heterogeneous nature of the subject matter, and the fact that it has been written 
or compiled by so large a corps of Associate Editors. In these circumstances, unity 
and evenness of koatment can hardly be expected, but an endeavor has been made to 
observe a reasonable proportion between the length of each section and its relative 
importance. To save space, abbreviations are employed for a few words in common use 
by engineers, and chemical elements and compounds are generally represented by their 
symbols. 

The thanks of the Editor are due to members of the staff for their painstaking woik, 
in many cases earned on m the intervals between pressing professional engagements 
in the field, and to the Publishers for their liberal spirit of cooperation in facilitating 
the preparation of the book. The Editor desnes to express his especial nppieciation 
of the valuable suggestions and assistance m revising manuscript and correcting proof, 
of Professor Edward K, Judd, of the Columbia School of Mines. It was planned to 
publish this book m 1916. The breaking out of the Great War, about one year after 
the work was begun, is responsible m large measure for the delay. 

Robkrt Peele 

Columbia School op Mines, 

New York, December, 1917 
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IDENTIFICATION AND STUDY OF MINERALS 


1. DEFINITIONS 


On the basis of several thousand analyses the crnst of the earth for a depth of about 
ten miles is estimated by Clarke, “ Data of Geochemistry to be composed almost entiiely 
of compounds of fourteen elements: 


-V 



Per 

cent 


Per 

cent 


Per 

eciit 

Oxygen 

Silicon 

49 78 

Sodium 

2 33 

Chlorine 

0 21 

26 08 

Potassium 

2 28 

Carbon 

0 19 

Aluminum 

7 34 

Magnesium 

2 24 

Phosphorus 

0 II 

Iron . ... 

4 II 

Hydrogen 

0 95 

Sulphur 

0 11 

Calciyii^j, 

3 19 

Titanium 

0 37 

1 

Total 

99 29 


These great elements, and the sixty or so others which form the remaining fi action of 
1%, occur in approximately 1500 different chemical combinations, known as mineial^; 
that IS, as homogeneous substances of definite chemical composition, found ready-made in 
nature, and not directly a product of the life or decay of an organism 

The two conditions in which minerals may occur. A mineial, like othei chemical 
substances, usually occurs either in crystals of characteristic shapes or in masses made up 
of many crystals so crowded together that the shapes are not evident, although in each 
gram of the aggregation the crystalline structure will be shown by the (constancy of the 
properties in parallel directions and their variation in directions not parallel. 

Any mineral may in solidifying fail to assume a crystalline stiucture, because of too 
great viscosity, or too rapid cooling, or other cause. If this condition is invariable, the 
mineral is said to be amviphous. Opal is the best example. Amorphous minerals are 
few in number. 


2. IDENTIFICATION BY AID OF CRYSTALS 

The forms of crystals are often a great aid in mineral identification Svmmetry, 
interfacial angles and crystal habit are also of value. Cleavage and markings on crystal 
faces are significant. 

Symmetry. In every comiilete crystal there is some repetition of angles and similarlv 
grouped faces. By considering this so-called “ symmetry ” crystals may be grouped m 
divisions, and as all crystals of any one mineral have the same grade of “ symmetry,’* 
they belong to the same symmetry division. 

In identifying an axis of symmetry imagine or actually cause the crystal to revolve 
about some prominent line through its centie. Note the groupings of faces at the initial 
position. Note whether at any stage of the revolution the crystal faces appear to be all 
coincident (rarely), or all parallel to the initial positions of other faces. Or, in other words, 
note whether groups of faces are replaced during the revolution by other groups containing 
just as many faces at exactly the angles of the first set. If so, a probable axis of symmetry 
has been determined. If by measurement the angles of one set correspond in value and 
order with those of the other sets, then the existence of the symmetry axis is confirmed. 
According to the number of times corresponding groups or faces recur during a complete 
revolution about a symmetry axis the axis is known as two-fold, three-fold, four-fold, or 
six-fold. These are the ordinary axes of symmetry. 

If a plane so divides the crystal that on each side of that plane there are grouped the 
same number of faces at the same angles to it and to each other, this plane ia called a 
Plane of Symmetry, 
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Divisions or “ systems ” based on symmetry. The following seven divisions result 
readily from this partial determination of symmetry, the statements not implying the 
absence of other symmetry elements: 


1 . 


2 . 


3 . 

4 . 


5 . 


6 . 

7 . 


Isometric 

Tetragonal 

Hexagonal | 

Hexagonal 

Oithorhombic . . , 

Monoclinic 

Triclmic ... . 


More than one axis of three-fold symmetry. (Often also more 
than one of four-fold.) 

One axis of four-fold symmetry and one only. 

Rhombohedral division — one axis of three-fold symmetry and 
one only. 

Hexagonal division — one axis of six-fold symmetry. 

Three axes of two-fold symmetry, but nothing higher than two- 
fold; or one axis of two-fold symmetry at the intersection 
of two planes of .symmetry. 

One axis of two-fold symmetry and one only, or one plane of 
symmetry, or both. 

Without axes or planes of symmetry. 


Distinguishing species by angles. Although difTerent crystals of the same substance 
may differ in shape, angles, and number of faces, the angles between corresponding faces 
are constant and characteristic. 

Coire.sponding faces on the same crystal, or on different crystals of the same substance, 
occupy corresponding or analogous poMtions with reference to the symmetry axes and 
usually correspond in lustre and markings. They frequently do not correspond in shape. 

The measuring of a few selected angles wull, therefore, usually serve to differentiate 
the crystal from others m the same symmetry division. 

.\.nglcs m.»y be determined \Mthin one or two degrees by .a very simple apparatus, such as the 
Penfield No. 2 gonionn ter, i oiibisting of a cardboard on i\hich i.s printed a graduated semicircle, 
an arm of celluloid swiveled by an eyelet in the centre of the semicircle, or better a similar 
apparatus of metal with removable and adjustable arms In using, tlm crystal is placed so that the 
card edge and the swanging arm, or the two metal arm^, are each in contact Aith a face and perpen- 
dicular to the edge of intenscn tion of the two f.iccs, and the mean of at least three readings is used. 

The “tleavage” directions, obf, lined as de.stribed later, are of great service in orientating the 
crystal. These and the angles between them aio used in the lists which follow each sy'stem. 

Zones arc composed of faces all parallel to the same line Their intersections are therefore 
parallel to this line and to each other. 

Isometric crystals. If a crystal shows more than one axis of three-fold symmetry 
it IS an isometiic ciystal, and not otherwise. There will always be present, also, axes 
of two-fold or four-fold syuumetiy^ The faces are often .squares and equilateral triangles, 
or these modified by cutting off corners The dimensions are usually' approximately” equal 
in scveial direction.s, the foim.s approaching sometimes to the sphere. Repetitions in any 
ciystal of eiiual angles and “ corresponding ” faces are more frequent than in other crystal 
sy'stems. 

Angles. The.‘je nre of the same senes whatever the species. The important species may be 
classed by their “h.vbit”; that is, the dominant forms of the crystals, as follows. 

Tetrahedral. (Tetrahedron angles, 70° .'ft') boracite, sph.ilerite, tetrahednte. 

Cubic. With cas{/ cubic cleaiatie cobaltite, galena, halite; with odahedral cleavage, fluorite, 
smaltite, without marked cleat'age argentite, boracite, cerargyrite, cuprite, py’nte. 

Octahedral. (Octahedron angles, 109° 20') chromite, cobaltite, cuprite, fluorite, franklinite, 
galena, gold, hniueite, magnetite, pynte, spinel. Cleavages galena, cubic, fluorite, octahedral. 
Partings franklinite and magnetite, octahedral 

Dodecahedral. (Dodecahedron anglo.s, 120°) boracite, cuprite, garnet, magnetite, sphalerite. 

Trapezohedral. (2l-faeed trapezohedra, approximating spheres, common angles, 131° 19', 
146° 27') analeite, garnet, Icueite. 

Pyritohedral. (12-faced pyritohedra; most common angles, 126° 53' and 113° 35') cobaltite, 
pynte, smaltite 

Tetragonal crystals. If the ory’^stal shows one axis of four-fold symmetry, and only 
one, it IS a tetragonal crystal, and not otherwise. A section taken at right angles to the 
four-fold axis is usually .siiuare or octagonal, or more raielv the angles are again tnincated. 
The dimension in direction of the four-fold axis is usually notably greater or less than in 
directions at right angles thereto. 

Angles. In the zone of faces parallel to the four-fold axis there are no variations in angle 
dependent on the species. Between prominent corresponding faces the angles are almost always 



1-04 


MINERALOGY 


90^, and between prominent adjacent faces either 90° or 135°. The characterising angles lie in 
other sones. 

The principal tetragonal minerals may be classified by angles and cleavage as follows: Angles 
between corresponding faces oblique to the four-fold axis: chalcopyrite, 71° 20'; wulfenite, 99° 38'; 
scheelite, 100° 5'; apophyllite, 105°; braumte, 109° 53'; cassiterite, 121° 41'; rutile, 123° 8'; 
zircon, 123° 19'; vesuvianite, 129° 21'; wernerite, 136® 15'. 

Braumte, scheelite, and wulfenite cleave at the angles mentioned. Wernerite and rutile cleave 
parallel to the four-fold axis, giving angles of 90° and 135°. Apophyllite cleaves at right angles to 
the four-fold axis. 

Hexagonal crystals. If the crystal shows one and only one axis of three-fold symmetry 
it is a hexagonal crystal, rhombohedral division. If the crystal shows one and only one 
axis of six-fold symmetry it is a hexagonal crystal, hexagonal division. A section taken 
at right angles to the axis of three-fold or six-fold symmetry is usually a hexagon, or its 
most prominent edges form a hexagon or at least an equiangular triangle. Not infre- 
quently each angle is replaced by one or two smaller edges. The dimension parallel to this 
axis is usually notably greater or less than the dimensions at right angles thereto. 

Angles. In the zone of faces parallel to the three-fold (or six-fold) axis there are no variations 
in angle dependent on the species. The angles between prominent corresponding faces are chiefly 
120° or 60°. Other angles in this zone are usually large and their occurrence leads to an apparently 
roxmd^, often nearly circular, cross-section. The characterizing angles lie in other zones. 

The tirystals of important hexagonal minerals may be classified by angles between corresponding 
faces and by cleavage as follows. 

I. With evident axis of three-fold symmetry and usually rhombohedral habit: 

An|^ which are both interfacial and between cleavage directions. Soda nitre, 73° 30'; chaba- 
zite, 85° 14'; hematite, 8G°, calcite, 105° 5'; dolomite, 106° 15', rhodochrosite, 107°, siderite, 
107°; magnesite, 107° 24'; smithsomte, 107° 40'; proustite, 107° 58'. 

Angles which are interfacial only. Ilmenite, 85° 31'; alunite, 90° 50'; cinnabar, 92° 37'; 
willemite, 115° 30'; phenacite, 116° 36'; tourmaline, 1.33° 8' or 103°. 

II. With real or apparent axis of six-fold symmetry, and usually prismatic habit- 

Prisms capped by faces oblique to axis and at angles, for example, corundum, 86° 4' or 128° 2'; 
quartz, 94° 14' or 133° 44'; apatite, 142° 1.5'. 

Prisms usually capped by single face at right angles to axis. Beryl, lodyrite, mimetite, nephelite, 
pyrargyrite, pyromorphite, vanadinite. 

Tabular. Graphite, molybdenite, iridosmine 

Orthorhombic crystals. If a crystal show-s either three axes of two-fold symmetry or 
one axis with two planes of symmetry, and nothing of higher symmetry, it belongs to the 
orthorhombic system. Cross-sections taken at right angles to the axes of symmetry are 
unlike in angles, and tend to rectangles and rhombs or to these combined. 

Angles. There is no zone of faces which has a constant series of angles for all species. 

The interfacial angles in the zones parallel to the axes of symmetry are unlike (except when 00°) 
and vary with the species. The orientation is best obtained by reference to cleavages, and on this 
basis the important species may be tabulated as follows. 

l. With one direction of cleavage which bisects prominent angles, for example- stibmte, 90° 26' ; 
sillimanite, 91° 45'; goethite, 94° 52'; manganite, 99° 40'; brochantite, 104° 32', atacamite, 
113° 03'; staurolite, 129° 20'. Topaz, with one direction of cleavage, has prominent angles 124° 17' 
and 90° 11', not bisected by the cleavage. 

n. Crystals with two directions of cleavage or more than two in one zone, and common angles 
between faces parallel to two such directions: columbite and ohvine, 90°; andalusito, 90° 4S'; 
natrolite, 91° 15'; enargite, 97° 53'; hemimorphite, 103° 51'; arsenopyrite, 112° 27', oerussite, 
117° 14'; strontianite, 117° 19'; aragonite, 118° 12'; chalcocite, 119° 35'. 

m. Crystals with three or more directions of cleavage not in one zone, and common angles 
between faces parallel to such directions: anhydrite, 90°; barite 90° and 101° 38'; anglesitc, 90° 
and 103° 44'; celestite, 90° and 104° 10'; stephamte, 90° and 107° 44'. 

Monoclinic crystals. If a crystal shows one and only one axis of two-fold symmetry, 
or one and only one plane of symmetry, or both, it is a monoclinic crystal. Any face in 
the zone of the symmetry axis makes a 90° angle with the symmetry plane (or a face 
parallel to it). No other 90° angles occur. The cross-section of the zone of the symmetry 
axis is never rectangular, rarely rhombic and usually markedly unsymmotrical. 

Angles. No zone has a constant series of angles for each species. In this system the one 
symmetry plane, the one symmetry axis and the cleavages, all assist m the orientation leading to 
the following tabulation: 
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Easiest cleavage 

Species 

Angles in zone of 
symmetry axis 

Angles bisected by 
symmetry plane 

Parallel to symmetry 
plane ■ 

Colemamte 

Gypsum 

Realgar 

Vivianite 

Wolframite. . 

no® 9'. Ill® 36' 

(118® 6', i 24° 1 8' 
i 1 1 7® 6' 

( 107® 56'. 140® 12', 

\ 126® 9' 

(131® 30', 143® 48', 

\ 138® 40' 

74® 26', 132® 3' 

108® 2' 

100® 37', 98® 6', 

117® 49' 

Perpendicular to sym- 
metry plane . . 

Azurite 

Borax 

Cryolite 

Epidote 

Monazite , .... 

Orthoclase . 

Polybasite 

J 135® M', 137® 10', 

1 132® 45' 

106® 35' 

124® 58', 124® 43' 

( 115° 23', 128® 19', 

\ 155® ir 

( 140® 48'. 87® 17', 

\ 176® 29' 

99® 42', 129® 44' 

90® 

99® 19', 119® 13', 

90® 53' 

87®, 122° 33'. 96® 32' 

91® 58', 71° 32' 

70® 4', 70® 29', 

63® 5' 

93® 26' 

118® 47', 90® 7' 

119® 58' 

Angle between easiest 
cleavages bisected by 
plane of symmetry 

Amphibole 

Crocoite . . 

Pyroxene. 

Spodumene . 

Sphene 

130® 6' 

105® 50', 148® 40' 

no® 20' 

140® 43', 159® 

124® ir, 148® 28' 

93® 41', 119® 10' 

( 87® 10', 120® 49', 

\ 131® 31' 

87®, 91® 26 
j 113® 31', 136® ir, 

( 67® 57' 

No cleavage 

Datohte 

90® 9'. 135® 

( 115® 13', 120® 56', 
t 115® 21 


The micas and chlorites are usually pseudo-hexagonal 


TricUnic crystals. If the crystal shows no axes nor planes of symmetry it is a triclinic 
crystal. There w'lll be no right angles either between faces or edges. The only correspond- 
ing faces will be opposite (parallel) faces. The crystals of some of the most prominent 
tnclinic minerals, however, approximate in angles monoclmic crystals but are usually 
distinguishable by the occurrence of faces which have no symmetrically placed associates. 

Angles. No angle will occur more than twice in any crystal. There are comparatively few 
common tnchmc species The following table recoids a few of their most important angles. 


Angles between the two easiest cleavages 
to the clea^.Hge8 

or the faces parallel 

t)ther aiigle*^ between common 
adjacent faces 

The Plagioclases: 

Albite 

. . 93® 36' 

127® 44', 120® 46' 

Anorthite 

94® 10' 

116® y, 98® 46', 120° 31' 

Labradorite 

93® 56' 


Oligoclaae 

93® 28' 

128® 3', 98® 8'. 120® 54' 

Amblygonite . 

104® 30' 

120® 54' 

Chalcanthitc 

123® 10' 

no® 10', 70® 22'. 103° 27' 

(^Junte 

. 101® 30' 

74® !6', 131® 42'. 78° 58' 

Rhodonite 

87® 32' 

107° 24' 


Cleavage and its value as a test. In any crystal, whether with chaiactenstic external 
form or not, the cohesion varies in different directions. Under strain there is frequently a 
tendency to split or cleave perpendicular to the directions of weakest cohesion in definite 
planes, which are always parallel to possible faces of simple crystals characteristic of the 
substance. All crystals of the same substance yield like cleavages. The number of 
directions of cleavage and the angles between the cleavage planes are characteristic; more- 
over the cleavages serve to orientate the crystals in many cases. If the individual crystals 
are largo enough, cleavage is obtained by placing the edge of a knife or chisel upon the 
crystal and striking it a sharp, quick blow. If the individual crystals are very small the 
cleavage directions can usually be developed by crushing with pressure or a blow, and 
examining the fragments with a hand glass. In pyroxene, spodumene, corundum, mag- 
netite, and some other species, some specimens break easily in definite planes, while others 
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do not. This is not true cleavage, but a secondary phenomenon due to pressure, and is 
called “ parting.” 

Cleavage and parting shapes may be microscopically determined. To do this, sieve 
the crushed material through a 100-mesh screen upon a 120-mesh screen. Crushed frag- 
ments of transparent minerals may be placed on a slide, covered with a transparent liquid, 
and examined by the petrographic microscope, as described by E. S. Larsen and H. Berman, 
uses, BvU. 848 (1934) (Bib). Thin sections of massive, transparent minerals or rocks 
may be examined as described in Thin-aection Mineralogy, by A. F. Rogers and P. F. Kerr, 
McGraw-HiU, N Y, 1933. 

3. IMPORTANT PHYSICAL TESTS NOT DIRECTLY DEPENDENT ON 
CRYSTALLINE STRUCTURE 

The most important of these tests or characters are Luster, Color and Streak, Hard- 
ness, and Specific Gravity. 

Lustre. The luster of a mineral is dependent upon its refractive power, its 
transparency, and its structure. It may be called the kind of brilliancy or shine of the 
mineral. 

In determinative work minerals are broadly divided into Metallic and Non-metalhc. 
Metallic luster is the luster of metals. It is exhibited only by opaque minerals, and these, 
with the exception of the native metals, have a black or nearly black streak. Opa<iue dark- 
colored minerals not distinctly non-metalhc are said to be sub-metallic. Non-metallic 
luster is exhibited by all tiansparont oi translucent minerals. It may lie vitreous or 
glassy, adamantine like the cut diamond, resinous like sjihalerite, peaily like mother of 
peail, silky like fibious seipentine, greasy like nephehte, oi waxy' like chalcedony. 

Hardness. The lesistance of a smooth plane suiface to abiasion is called its hardness 
and is recorded in terms of the following scale 

1 0 Talc 6 0 Oithoclase S 5 Chiysobcryl 

2 0 Gypsum 7 0 Quaitz 9 0 Sapphire 

3 0 Calcite 7 5 Zircon 9 o Caibonindum 

4 0 Fluoiite 8 0 Topaz 10 0 Diamond 

5 0 Apatite 

Approximations may be reached by use of finger nail (2 I/ 2 ), copper coin (3) and knife 
(5 I/ 2 ). Some smooth surface of the mineial to be tested is selected, on which a point of 
the standard is pressed and moved back and forth seveial times one-eighth of an inch or 
less. If the mineral is scratched it is softer than the standaid. Two mineials of equal 
hardness will scratch each other. Pulverulent 01 splmteiy nuneials aie “ broken down ” 
by the test and yueld an ” appaunit ” haidness often much lowei than the true hardness. 
Rough surfaces also yield doulitful results. 

Color and streak. The color of minerals of metallic lustei and the color of the powder, 
or streak, when not white, are veiy much use<l in sighc recognition. Mineials with non- 
metallic luster often vary greatly in coloi. The color is most safely' obtained on a fresh 
surface. The streak is usually obtained by rubbing the mineral on a smooth but not 
glazed white or black surface, such as a poi colam “ stioak ])lato ” or a piece of touchstone 
(black quartz). The excess of pow'der should be brushed away' and the thin adheimg 
layer considered. 

Specific gravity. The specific gravity of a substance is equal to its w'oight divided 
by the weight of an equal volume of distilled w'atcr at 4° C. Ordinarily room tempciatuio 
is used. Pure compact material is needed The most accurate results are obtained by a 
delicate chemical balance, but for determinative pi»rposes the following arc more rapid and 
sufficiently accurate. 

The Jolly balance. Two scale pans are attached, one below the other, to a spiral sjiriiiK, parallel 
to which is a mirror with a graduated scale. The lower scale pan h kept submerged m distilled 
water. The coincidence of a bead on the wure and its image 111 the mirror give. 

A = Reading with nothing in either scale pan. 

R = “ “ mineral in upper scale pan, 

C “» ” “ same fragment in lower scale pan. 

Sp Gr •= (R - A) (R - C) 

The Westphal balance. More accurate results are obtained by substituting for the thermometer 
float of a Westphal balance a double scale pan, the lower pan of which must be immersed in distilled 
water. 

A *• Weight needed to balance apparatus. 

R =» “ “ “ “ “ with mineral in upper scale pan. 

C "• ** ” ** *' “ “ " “ lower scale pan. 

Sp Gr = {A - B) ^ {C - B) 
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Special specific-gravity balance. An improved form, suitable for non-porous solids, has been 
described by Kerr. It is useful for rapid and accurate determinations. Though based upon the 
usual chemical balance, it has a notched beam with rollers for weighing. 

Heavy liquids. If a fragment of a mineral is floating in a liquid of higher specific gravity and a 
diluent is stirred in, drop by drop, until the fragment if pushed down will neither sink nor rise but 
stay where pushed, the specific gravity of the liquid as determined by a Westphal balance will be 
the specific gravity of the mineral The heavy liquids most used are: clerici solution, a mixture of 
thallium malonate and thallium formate (4.25), diluent, water; methylene iodide (3.32), diluent, 
benzol; bromoform (2.90), diluent, xylol or benzol; solution of mercuric iodide and potassio iodide 
(3.2), diluent, water. 


4. TESTING WITH THE BLOWPIPE 

Apparatus. The essential pieces of apparatus for all the tests given are: 

1 . Either a gas blowpipe, or some form of burner for gas or heavy oil and a plain 
blowpipe. 

2 . Platinum wire about 0.25 mm diameter. Six inches of it will make four wires. A 
holder is needed. 

3. Platinum-pointed forceps. 

4. Charcoal in convenient sizes and with smooth surfaces (say 4 by 1 by in). 

5. Tubes of hard glass about 3 by 3/j^g in, closed at one end. 

6. Pocket lens of good quality. 

7. Simple goniometer. 

8 . Merwin Color Screen (G. M. Flint, Cambridge, Mass). 

For the other apparatus considerable latitude is possible and substitutes can be impro- 
vised for the regular stock article. The needed list would be. watch glasses, bottles (1 oz) 
for reagents, hammer, anvil, and magnet. 

About ten reagents are used, the principal being borax, salt of phosphorus, sodic car- 
bonate, potassic bisulphate, cobaltic nitrate, and hydrochloric acid. Two others are 
needed in preparing the bismuth flux and there will be needed occasionally metallic tin and 
nitric or sulphuric acid 

A continuous blowpipe blast is obtained by distending the cheeks and using the mouth 
as an air reservoir, breathing regularly thiough the nose and from time to time admitting 
more air from the lungs through the throat to the mouth. 

Any luTniiious flame may be used and, by regulating the relative amounts of air and 
flame, may bo “ blown ” as a clear blue flame or a yellow flame, both of which owe their 
color to incomplete combustion (CO or C) and therefore tend to reduce, that is, to take 
oxygen from substances placed therein. Hereafter this flame is designated by the letters 
R F. A practically non-luminous coloiless envelope surrounds the blue flame and less 
distinctly the yellow flame. In this there is an excess of oxygen and it therefore tends to 
oxidize substances placed therein. Hereafter this flame is designated by the letters O.F. 

Fusion or fusibility. The ease of fusibility and the phenomena during fusion are con- 
venient tests. The hottest portion of the flame is just beyond the tip of the blue flame. 
Some substances, noticeably certain iron ores, which are infusible in the oxidizing flame 
are fusible in the reducing flame. 

The tost 18 most safely made by first heating on charcoal a fragment of the substance 
the size of a pin’s head, to prove presence or absence of volatile or easily-reducible elements, 
which are likely to alloy with platinum. If these are present the fusion test must bo 
limited to the test on charcoal. If reducible metals or volatile constituents are absent, 
a small sharp-edged fragment is heated in the platinum forceps, at the tip of the blue 
flame, directing the flame upon the point. Fragments long enough to project beyond the 
platinum should be used and it is always well to examine the splinter with a magnifying 
glass, before and after heating. Fragments for comparison must be approximately of same 
size and shape. 

The degree of fusibility is stated either in terms of a scale of fusibility, suggested by von Kobell, 
or more simply a.s easily fusible, fusible, fusible with difficulty, or infusible: 

Easily fusible* I coarse splinters fuse in a candle flame. 

^ *12. Chalcopyrite, small fragments fuse in the Bunsen burner flame. 

{ 3. Oarnet lalmandite) , coarse splinters easily fuse before the blowpipe. 
Not fusible in Bunsen burner. 

4. Actinohte, fine splinters fuse easily before the blowpipe. 

( 5. Orthoclase, fused only in fine splinters or on thin edges before the 
blowpipe. 

6. Hemimorphite, finest edge only rounded in hottest part of flame. 
Infusible: 7. Quartz, infusible, retaining the edge in all its sharpness. 
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The result of the fusion may be a glass or slag, which is clear and transparent, or white and 
opaque, or of some color, or filled with bubbles; during the fusion there may be a frothing or intu- 
mescence, or a swelling and splitting (exfoliation). In certain instances the color and form may 
change without fusion, or the substance may take fire and burn, or fusion may follow the loss of 
some volatile constituent. 

Solubility. Acids, especially dilute (1 : 1) hydrochloric acid, are used not only to deter- 
mine composition but also to determine the ease or degree of solubility. This test fails 
only from carelessness. The substance must be selected as nearly pure as possible, finely 
ground and added to the acid in successive small quantities. A clear solution should be 
aimed at, acid being added if more is needed until everything has dissolved. If complete 
solution cannot be obtained, the liquid must be filtered and the clear filtrate slowly and 
partially evaporated until separation commences. If doubt exists as to solubility the 
liquid must he evaporated to drynees, a residue proving solution to have taken place. Solu- 
bility may be accompanied by effervescence with or without odor in cold acid, or only on 
heating. The evaporation may be difficult and incomplete, or there may be separation 
of a perfect jelly, or of separate lumps of jelly, or of powder, or of crystals. The solution 
may be of a characteristic color. 

Testing for chemical components. The tests used are described in place in the deter- 
minative tables following Art 14. The manipulations and precautions are briefly as 
follows: 

I. Testing in closed tubes. A narrow tube of hard glass, about 3 in by in and 
closed at one end, is best. Enough of the substance is slid down a narrow strip of paper, 
previously inserted in the tube, to fill it to the height of about 1/4 in; the paper is with- 
drawn, and the inclined tube heated gradually at the lower end to a red heat. Soda or 
other reagents are sometimes mixed with the substance. The results may be: evolution 
of water, odorous or non-odorous vapors, sublimates of various colors, decrepitation, 
phosphorescence, fusion, charring, change of color, and magnetization. 

II. Testing on charcoal. A shallow cavity, to prevent the substance from slipping, 
is bored at one end of the charcoal, and a small fragment of the mineral is placed in it. The 
charcoal is held in the left hand, the surface tipped at about 120° to the direction in which 
the flame is blown, and a gentle O.F. is blown on the substance. If no sublimate forms 
the heat is increased, still keeping the flame oxidizing. Another fragment is tested in the 
R.F., the substance being kept covered for several minutes with the yellow flame. 

The sublimates, their color, position on the charcoal, ease of removal by heating in the 
O.F. or R.F., and the colors imparted to the flame are all noted. Chemical changes may 
also be indicated by reduced metal, magnetic residues, alkalinity, etc. 

III. Testing with soda on charcoal. Sodic carbonate (“Soda”), heated on char- 
coal, acts as a flux; it also exerts a reducing action, attributed to the formation of sodic 
cyanide, nascent sodium, and carbon monoxide. It combines with many substances, 
forming both fusible and infusible compounds. The most satisfactory general method 
is to mix one part of the substance to be tested with three parts of moistened soda and a 
little borax, and treat with a good R.F. on charcoal until everything that can be absorbed 
has disappeared. 

IV. Testing with bismuth flux on charcoal and on plaster tablets. Sublimates of 
brilliantly colored iodides and sulpho-iodides are obtained if bismuth flux (two parts 
sulphur, one part potassium iodide, and one part acid potassium sulphate) is mixed with 
certain powdered minerals, placed on charcoal, or a plaster tablet, and heated gently. 
The larger series of tests are obtained on plaster, the sublimates differing in position and to 
some extent in color from those obtained on charcoal. Plaster tablets are prepared by 
spreading a thick paste of plaster of Paris and water upon a sheet of oiled glass, and smooth- 
ing to a uniform thickness (i/g in to 1/4 in). While still soft, the paste is cut with a knife 
into uniform slabs, 4 in by II /2 in. It is then dried, after which the tablets are easily 
detached from the glass. 

V. Flame coloration. A number of minerals when heated color the flame, some at a 
gentle heat, some only at the highest heat attainable. Repeated dipping of the mineral 
in hydrochloric acid usually assists by forming volatile chlorides. A good method to 
cover all cases is as follows: Arrange a black background, such as a piece of charcoal, 
powder the substance finely, flatten the end of a clean platinum wire and dip it in dilute 
acid, then in the powder, and hold it first just touching the flame near the blowpipe and 
then at the tip of the blue'flame; again dip in the acid and again heat as before. 

Concentrated sulphuric acid, and also a paste made of water, 4^ I 2 parts acid potassium 
sulphate and 1 part of calcium fluoride, are also used to release certain flame-coloring 
constituents, especially boron, phosphorus and lithium. 

Red flames of calcium, strontium, lithium, and the violet flames of potassium in the 
presence of sodium, are most conveniently studied by Merwin’s Color Scale (Science, 



POLISHED SURFACES OP METALLIC ORES 1-09 


Vol 30, p 671), consisting of three colored strips of celluloid; No. 1, blue, No. 2, over- 
lapping blue and violet, No. 3, violet. These absorb different portions of the spectnun 
as follows: 



No. 1 

No 2 

No. 3 

Sodium . . ... 

Absorbed 

Absorbed 

Absorbed 

Potassium . . . 

Biue-violet 

( Violet and 

1 \’iolet-red 

1 \ lolet and 

1 Violet-red 

Calcium. ... . 

Greenish yellow 

Absorbed 

Faint crimson 

Strontium or bthiuin 

Absorbed 

Absorbed 

Crimson 


These elements are still more exactly distinguished by use of a small ixicket spectro- 
scope. The mineral is moistened with hydrochloric acid and brought on a platinum 
wire into the non-luminous flame of the Bunsen burner. This is viewed through the spec- 
troscope and bright lines are seen The yellow sodium line is almost invariably present 
and the position of the other lines is best fixed by their situation relative to this bright 
yellow line. 

VI. Bead tests with borax and with salt of phosphorus. The oxides of certain elements 
dissolve m borax and salt of phosphoms and impart characteristic colors to the mass, 
which may differ when hot and cold and according to the degree of oxidation or reduction. 
Preliminary to bead tests, sulphides, arsenides, arsenates, etc, may be converted into 
oxides by treating in a shallow cavity on chaicoal at a dull red heat; first wdth a feeble 
oxidizing flame, then a feeble reducing flame, then again an oxidizing flame, and so on as 
long as odois or fumes are noticealile. 

To make a bead. Make a loop m platinum wire by bending it around a pencil point 
so that the end meets but does not cross the stiaight part. Heat the loop, dip it into the 
flux, and fuse to a clear bead the portion that adheres. Add more flux until the bead is of 
full rounded shape AVith salt of phosphorus the bead should be held a little above the 
flame so that the ascending hot gases will help to retain the flux upon the wire. Touch 
the warm bead to the su))stance, place it in the O F , and treat until clear. Note the 
colors, hot and cold. Then treat in the R F and note colors as before. 

Flaming. Some subvstances heated with a strong flame will give clear glasses until 
saturated; but if heated slowly and gently or intermittently, will yield opaque or enamel- 
like beads before saturation. 

VII. Testing with cobalt solution. Certain substances become colored, w’hen moist- 
ened with a solution of cobalt mtiate in ten parts of water and then heated to a white heat. 
The test is usually made on charcoal. Certain other substances yield colors if strongly 
heated, cooled, and then moistened with the cobalt solution wdthout reheating. Certain 
minerals boiled w^ith cobalt solution are colored thereby. 

5. X-RAY METHODS OF STUDY 

Recent years have witnessed the development of X-ray methods of mineral study. 
X-ray powder photographs may be used to aid in identifying many minerals Clays, 
bauxite, fine micaceous silicates, poorly crystallized metallics and other natural products, 
not readily identified in other ways, are often readily identified by comparison of X-ray 
diffraction photographs with knowm standards. The methods of X-ray study applicable 
to mmeials have been described by Hull, Davey, Wyckoff, Bragg, and others. 

Single crystals are mo.st frequently used for X-ray studies, to yield information regard- 
ing internal structures. The earliest to be developed was the method of Laue, making 
use of a pinhole beam of X-rays passing through a small crystal. The Braggs later devel- 
oped the X-ray spectrometer, which depends upon the reflection of X-rays from single 
crystal faces. Lately, students of crystal structure have found the Weissenberg X-ray 
goniometer especially useful. 

6. POLISHED SURFACES OF METALLIC ORES 

Many textures and mineral combinations, not readily visible to the unaided eye, may 
be observed with the reflecting microscope. Polished surfaces must be prepared in 
advance with considerable care to produce flat, nearly uniform surfaces, as free from 
scratches as possible. Such surfaces may lie etched and observed under the microscope 
and also examined by reflected polarized light. 

Microchemical technique is also applied to small fragments of metallic minerals, 
removed from a polished surface with a needle while the surface is under microscopic 
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observation. Among the comprehensive treatments of microscopic examination of 
.metallic ores are the works of Van der Veen, Schneiderhohn and Ramdohr, and Short. 

7. EXAMINATION OF FRAGMENTS OF NON-OPAQUE MINERALS 

Fragments of non-opaque minerals, about 100 to 120 mesh in size, may often be 
studied and identified by the polaiizmg microscope. The fragments aie placed on a 
glass slide and immersed m an inert liquid of known refi active index, the indices of the 
mineral being compared with the index of the immersion liquid. Repeated mounts, made 
with liqxuds of different indices, by (‘omparison yield the indices of refraction of a mineial 
with a fair degree of precision. Other optical properties may be determined at the same 
time. The methods may often be applied to examination of non-opaque constituents of 
tailings. The optical properties of many mmeials observable with the microscope have 
been listed by Larsen and Beiman. 

8. EXAMINATION OF THIN SECTIONS 

The structures and textures of non-opaque minerals are best examined in thin sections 
beneath the microscope. The polaiizmg mieroscope of the types manufactured by 
E. Leitz, Zeiss-Winkel, Bausch and Lomb, oi the Spencer Lens Co, aie useful for this 
purpose. Many optical criteria not obvious in ordinal y specimens may be used in such 
an examination. The methods have been outlined by Wmchcll, Johannsen, and Rogers 
and Kerr. 


OCCURRENCE AND ASSOCIATION OF MINERALS 

9. MINERALS OF ROCKS AND VEINS 

Associates. Most minerals are found under a variety of conditions, and with different 
groups of associates. The most probable associates of any mineral m any particular 
occurrence are: 1. The common minerals of that deposit. 2. Minerals containing some 
prominent element or elements of the given mineral In the following lists, which include 
the rock-forming minerals, common minerals, and tho.se of economic importance, the siiecies 
in italics are relatively rare. 

Minerals of the igneous rocks. The.se minerals in general have either separated from 
a fusion solution or “ magma ” (each separating whenever for the existing temperature 
and pressure the magma is supersaturated with it), or they have formed later, as secondaiT 
minerals, by the decomposition or alteration of the pnmaiy mineials. 

Principal primary minerals of igneous rocks. Amphibole (hornblende), biotite, 
chrysolite (olivine), enstatite, hypersthene, leucite, muscovite, nephelme (elaeolite), 
orthoclase, plagioclase, pyroxene (aiigite), quartz, sodalite. 

Minor primary minerals of igneous rocks. Analcite, apatite, chalcopijnfc, chi i/sohef yl, 
chromite, cinnabar, conindum, epuiote, garnet (almandite, andradite, pyiope), goithite, 
gold, graphite, hematite, ilmonite, lepuJohte, magnetite, millente, molybdenite, monazite, 
pyrite, pyroxene (diopside), pyrrhotite, rutile. 

Secondary minerals in igneous rocks. AlhUe, alunite, analcite, apophylhte, aragonite, aznritr, 
barite, calcite, chabazite, chalcedony, chalcanthite, rhatcopyriU , ehlonte, rhri/sorolla, copper, d itohte, 
epidote, kaolin, lepidolite, limomtc, magnetite, malachite, muscovite, natrolite, opal, yyrargijrite, 
quartz, serpentine, sidente, sphalerite, stibnite, talc, tetrahedr ite, turquois, wernerite. 

Minerals of pegmatite veins. Vein-like portions of granites or other igneous roelcH in which the 
minerals of the rock are found in much larger crystals and in which many other minerals occur not 
noticed m the adjoining rocks. 

Albite, amblygomte, apatite, beryl, biotite, cassiterite, chabazite, chlorite, chrysoberyl, columbite, 
cryolite, diamond, galena, garnet (almandite and spcssartite), graphite, lepidohte, magnetite, micro- 
cline, molybdenite, monazite, muscovite, nephelme, orthoclase, pyrite, pyrrhotite, quartz, spodumene, 
topaz, tourmaline, uranimte, zircon. 

Minerals of ore veins. For convenience these have been listed under two headings: 
Minerals m zone of weathering or oxidation, and minerals of unoxidized zone. In zone of 
oxidation. Anglesite, azunte, brochantite, calamine, celostite, cerargyrito, cerussitc, 
chalcanthite, chrysocolla, copper, ciocoite, cuprite, embolite, erythrite, goethite, gold, 
iodyrite, limonite, malachite, manganite, mimetite, pyromorphite, rhodochrosite, sideiite, 
silver, smithsonite, strontianite, sulphur, vanadinite, vivianite, wulfemte. In unoxidized 
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zone. Antimony, argentite, arsenic, arsenopyrite, barite, bornite, braunito, calcite, calav- 
orite, chalcocite, chalcopyrite, cobaltite, copper, dolomite, jfluorite, galena, gold, graphite, 
jamesonite, linnaeite, marcaaite, milleiite, niccolite, orpiment, orthoclase, pentlaridite, 
pioustite, pyrargyrite, pyrite, pyrrhotite, quartz, realgar, smaltite, sphalerite, stannite, 
atephanite, stibmte, sylvanite, tetiahednte, uraninite. 

Minerals of tin veins. Albite, amblygonite, apatite, arsenopyrite, bismuth, calcite, cassiterite, 
chlorite, coluiiibite, fluorite, galena, kaolin, lepidoiite, molybdenite, pyrite, pyroxene, quartz, scheelite, 
wernente, wolframite. 

Minerals of apatite veins. Albite, amphibole, apatite, biotite, calcite, enstatite, hematite, 
ilmenite, magnetite, oligoclase, pyrite, quartz, rutile, sphene, tourmaline, wernerite. 

Minerals due to volcanic exhalations. Alumte, sassolite, sulphur, and relatively small quanti- 
ties of other .species, as amphibole, hematite, sal-amnioniac, etc, occur as the result of gases given off 
during volcanic action. 


10. MINERALS FOUND IN SALINE RESIDUES 

These exist as .sediments precipitated from solution in natural waters, springs, rivers, marshes, 
lakes, seas, and oceans. 

From springs. Alunogon, aragonite, barite, bauxite (?), calcite, celestite, chalcedony, cinnabar, 
fluorite, hydrozincite, kalinite, lirnonite, pyrite, sa.ssolitc, sidente, sulphur. 

From soda and borax lakes and lagoons. Anhydrite, cahite, borax, celestite, cerargyrite, cole- 
niamte, dolomite, embolite, gold, gypsum, halite, mirabilite, sassolite, koda mire, sulphur, trona, 
ulexiie. 

From oceans, seas, lakes, and marshes. .Apatite, anhydrite, bauxite, boracite, calcite, carnallite, 
cfh sfifc, urargyrite, dolomite, cp'^omiit , gyiisum, hiilito, kainitc, kiesente, limomte, sidente, wad. 

Local saline residues (often incrustations or efflorescences). Alumte, aluuogen, chalcanthite, 
copiapite, epsomite, kalimte, mirabilite. 

.11. MINERALS IN GRAVELS, SANDS, CLAYS, AND MARLS 

Minerals common to all. Ihotitc, cahite, chlorite, garnet, hematite, kaolinite, limomte, mag~ 
mtite, miisi'OMte, orthocla.se, plagnx lase, pyrite, pyrophylliti, pyroxene, rutile, sidente, sphene, 
tourmaline. 

Gem minerals and ores in gravels and sands. Casbitente, ohrysoberyl, chrysolite, corundum, 
diunond, gohl, ilinemte, monazitc, platinum, spinel, tourm ilinc, topaz, zircon. 

Minor minerals in gravels and sands. Amphibole, andahmti, apatite, cyanite, dolomite, ensta- 
tite, epidotc, hypei <^th( lu , nnerot line, sepiolite, seipeiitine, t,ilhmanite 

Ores in clays. Clalcna, limoniti', m.ing.imte, psilomclane, p\rolusite, vad. 

Minor minerals in clays and marls. Amphibole, aragonite, barite, celestiti, gypsum, halloy'site, 
oipiffunt, realgar, strontiimte, nnanite 

Minerals in sandstones. Clncfly (|uartz, orthocl.a.se, plagioclase, limomte, muscovite Minor 
ninurals are <anuifitf, galena, gold, mareasite, mangnmte, pynte, pyroliikiie, sidente, sphahrite 

Minerals in sedimentary limestone. Aragonite, calcite, dolomite, fluorite, galena, limomte 
(bog ore), nitre, opal, kidtiiti, koda nitn, .sulphur, sphalerite. 

In serpentine and soapstones. Amjihibob , aragomtt, ar-^ennpynte, ealcite, chlorite, chromite, 
cliry-.'.ohtc, emnaber, diamond, dolomite, enst ititc, cpidote, garnet (pyrope), g.irniontp, ilrnenite, 
magnesite, magnetite, phlogopitc, platinum, pyroxene, pyrophy liite, quartz, sipiolite, serpentine, talc. 


12. CONTACT MINERALS 

W'hon an ignoon.s rock penetrates a preexiatinR lock the heat, pressure, and evolved 
vai^ois fiequently piodine new nnneials at and near the suiface of contact. 

Contacts with limestone. Amphibole (ti emolite) , anoithitc, biotitc, bornite, chon- 
drodite, cluwzoisitr. toriinduin, danhuiitc, enstatitc, cpidoie, Jhwr if c, garnet (grossular and 
nndradite), giaphite, lazunte, molvbdenite, phlogopite, pyiite, pyroxene (diopsido), 
schfvhtc. spinel, touimalme, vrsunatnte, vvei norite, vvollastoiiite and zoisdc 

Contacts with silicate rocks (clay, shale, slate, or crystalline schists). Amphibole 
(hornblende), andalusite (chiastolite). biotite, chlorite, corundum, kyanite. epidote, garnet, 
ilmenite, magnetite, pyroxene (augite), quartz, rutile, sillimanito, spinel, staurolite, sphene, 
tourmaline, topaz, w'eniente, zircon. 

Minerals of Metamorphic Rocks 

The minerals of the metamorphic rocks include many species of the original rocks, 
and many species already listed under contact minerals. A partial list follows: In 
Crystalline limestones, and dolomites: amphibole (tremolite), apatite, aragonite, calcite, 
chondroditc, corundum, dolomite, franklinite, molybdenite, phlogopite, pyroxene, pyrrho- 



1-12 


MINERALOGY 


tite, rhodonite, serpentine, smithsonite, spinel, talc, willemite, zincite, zircon. In GneisBes 
and Schists: the contact minerals of the second list (contacts with silicate rocks). Also 
actinolite, apatite, beryl, biotite, calcite, chalcopyrite, chrysoberyl, datolUe, fluorite, gihbsite, 
graphite, hematite, molybdenite, monazite, muscovite, orthoclase, plagioclase, pyrite, 
pyrophyllite, pyrrhotite, talc, tetrahedrite, vesuvianite, zeolites. 


THE USES OF MINERALS 


This list includes only the principal uses of the minerals as such, and their uses as the 
material from which other substances are directly extracted or manufactured. The 
secondary products derived from these primary products are not mentioned. 

13. USES OF MINERALS IN THEIR NATURAL STATE 

Abrasives. Quartz, garnet, opal (tripolite and diatomaceous earth), corundum and emery, 
diamond (bort), orthoclase Leucite and alunite rocks have been used as millstones. 

Building stones. Quartz, orthoclase, plagioclase, muscovite, biotite, pyroxene and amphibole 
in varying proportions, forming igneous rocks commercially known as granite and trap; talc and 
pyrophyllite (soapstones), serpentines, calcite and dolomite (limestones and marbles), quartz 
(sandstone). 

Electrical insulators. Muscovite, phlogopite, calcite (marble), andalusite, kyanite, sillimanite, 
and dumortientc. 

Fertilizers. Carnallite and kainite for potash; soda nitre for nitrogen; gypsum and calcitc 
for lime; apatite (phosphate rock) for phosphoric acid. Muscovite and biotite as retainers of moi.s- 
ture. 

Fluxes. Calcite, fluorite, borax, pyroliLsite. 

Glass. Chiefly quartz (sand and sandstone) and calcite (limestone); to a less extent orthoclase, 
plagioclase, cryolite, and pyrolusite. 

Lubricants. Graphite, talc, muscovite. 

Paints and pigments. Hematite and hmonite as “metallic paint”; the same minerals associated 
with clay, "ocher ” Calcite (chalk) as “whiting”; wad, barite, gypsum, asbestos, muscovite, talc, 
kaolin, quartz, magnesite, azurite, graphite, asphaltum, rutile 

Paper manufacture. Talc (fibrous), gypsum (selenite), as constituents of sheets. Harite, cal- 
cite, kaolin, magnesite, bauxite, muscovite, for weight and gln/c. 

Porcelain, pottery, etc. Kaolin and other clays, quartz, orthoclase, albite, halite, gypsum and 
pyrophyllite. 

Precious stones. Diamond, beryl, emerald, corundum (sapphire and ruby), chrysoberyl 
(alexandrite), garnet (demantoid), spinel (ruby spinel) Semi-precious stones Other varieties 
of beryl, corundum, chrysoberyl, spinel, and garnet Also opal, chrysolite (peridot), quartz (ame- 
thyst and yellow), topaz, tourmaline, turquoise, zircon, spodumene (kunzitc, hiddenitc), orthoclase 
(moonstone). Ornamental stones. Amber, chalcedony (onyx, (arnelian, sard, agate, etc), quartz 
(rose cat's eye, aventurine, smoky, etc), orthoclase (amazon stone), plagiocKuse (labradorite and 
sunstone). Amphibole (jade), lazurite (lapis lazuli), malachite, azunte, calamine, smithsonite, 
chrysocolla, fluorite, gypsum (satin spar), serpentine, hematite, pynte, rhodonite, talc. Occasional 
faceted stones are cut from apatite, andalusite, cassitente, chondrodito, cyamte, pyroxene (diopside) , 
enstatite, epidote, prehmte, staurolite, sphene and vesuvianite. 

Refractory materials and heat insulators. Asbestos, bauxite, chromite, dolomite, graphite, 
ilmemte, kaolin, magnesite, muscovite, opal (diatomaceous earth), serpentine (chrysotile), quartz, 
pyrophyllite, talc (soapstone), sillimamte, andalusite, kyanite and vermiculite 

Rubber manufacture. Sulphur, stibnite, barite, calcite, talc, pyrophylliti . 

Soap and washing powders, toilet articles. Borax, opal (diatomaceous earth), talc, quartz, 
magnesite, orthoclase 

Sundries. Coloring or decolorizing pyrolusite, psilomelane, rutile Condiments’ halite 
Explosives nitre, sulphur opal (tripolite). Enamels fluorite, borax. Matches- stibnite 

sulphur. Optical quartz, calcite, fluorite, gypsum, muscovite. Pencils, graphite, talc, pyro- 
phylUte. Pipes, sepiolite (meerschaum), succinite (amber). 

14. PRODUCTS EXTRACTED OR MANUFACTURED DIRECTLY 
FROM MINERALS 

Aluminum from bauxite, possibly gibbsite, with cryolite as flux. 

Alundum (AI2O3) from bauxite. 

Aluminium sulphate and alum from alunite, cryolite, bauxite, kaolin. 

Antimony from stibnite and its alteration products and lead ores carrying antimony. 

Arsenic from arsenopynte and sometimes from smaltite, oobaltite, enargitc, etc. 

Barium hydroxide and barium sulphide from barite. 

Beryllium and beryllium oxide from beryl. 

Bismuth from native bismuth, bismutite, and bismite. 

Borax and boric acid, from colemanite, ulexite, borax, and sassolite. 



PKODUCTS EXTEACTED DIRECTLY FROM MINERALS 1-13 

Bromine from halite (salt brine). 

Cadmium from sphalerite and smithsonite containing greenockite. 

Calcium oxide (lime) from calcite (limestone). 

Calcium sulphate (hemi-hydraie) or plaster from gypsum. 

Calcium superphosphate from apatite. 

Cements from calcite and clays. 

Carbonic acid from magnesite and calcite. 

Chlorine from hydrochloric acid and pyrolusite, the former being derived from halite. 

Chromium alloys, especially ferrochrorae from chromite. 

Cobalt oxide and cobalt arsenate {zaffre) from smaltite, cobaltite, and cobaltiferous limonite. 
Copper pnncipally from chaloocite, native copper, chalcopyrite, bornite, cuprite, malachite, and 
azurite, although enargite, tetrahedrite, atacamite, brochantite, chalcanthite, and chrysocolla are 
all sources of copper in certain districts. In addition to these the iron sulphides often carry copper 
which IS extracted after burning for sulphuric acid. 

Copper sulphate from chalcopyrite. 

Gold from gold and the gold tellurides (sylvanite, calavente, petzite), from silver and copper ores 
and from pynte, arsenopynte and pyrrhotite, and sphalerite and other sulphides or tellurides. 
Hydrochloric acid from halite. 

Hydrofluoric acid from fluorite and cryolite. 

Iodine from sodium lodate obtained from soda nitre. 

Indium from iridosmine. 

Iron from hematite, limonite, magnetite, and siderite, goethite, and turgite (commercially in- 
cluded with limonite), some ilmenite, and rarely residues from the roasting of pyrites. 

Iron sulphate (ferrous) or “copperas” from pynte and chalcopyrite. 

Iron manganese alloy from franklinite and certain manganiferous hematites and siderites; also 
from pyrolusite, psilomelane, manganito and other manganese oxides. 

Lead, chiefly from galena and cerussite. Anglesite and pyromorphite sometimes occur in 
quantity. 

Lead sulphate (sublimed white lead and blue lead) from galena. 

Lithium carbonate from spodumene, lepidohte, and amblygomte. 

Magnesium from oarnallite. 

Magnesium carbonate from dolomite. Basic carbonate from kiesente. 

Magnesium oxide from magnesite, and indirectly kiesente. 

Magnesium chloride from carnallite. 

Magnesium sulphate (epsom salts) from kiesente and less often from magnesite and dolomite. 
Manganese alloys from pyrolusite, psilomelane and braunite, or with intermixed rhodochrosite 
and rhodonite. 

Manganese salts from pyrolusite. 

Mercury from cinnabar. 

Molybdenum and arnmonic molybdate from molybdenite. 

Nickel from pentlandite, garnierite, nickehferous pyrrhotite, and to a le.s8 extent from millerite, 
niccolite and the cobalt minerals, cobaltite and linnaeite. 

Nitric acid from soda-nitre and nitre. 

Palladium from copper ores and platinum. 

Phosphorus from an impure calcium phosphate (sombrerite), or from bone ash. 

Platinum from native platinum and sperrylite, and from some gold and copper ores. 

Potassium from carnallite 
Potassium dichrornate from chromite. 

Potassium sulphate from kainite 

Potassium nitrate from soda nitre and carnallite. 

Radium chloride from uraninite, carnotite, and autunite. 

Rhodium from platinum. 

Selenium from sulphur, chalcopyrite, and pynte. 

Silicon carbide (carborundum) from quartz and coke. 

Silicon alloys (forro-silicon) from quartz. 

Silver from native silver, argcntite, cerargynte, embolite, proustite, pyrargynte, and less im- 
portant, hessite, polybasite, and lodyrite. Included in other minerals, notably, galena and 
cerussite, but also in copper ores, manganese ores and \vith gold in pynte and arsenopynte. 

Sodium borate (borax) from colemanite, ulexite, sassolite, kernite, and native borax. 

Sodium stannate from cassitente. 

Sodium sulphate (salt-cake) from halite, and from this, caustic soda, carbonate, bicarbonate 
.Strontium nitrate and chloride from strontianite. 

Sulphuric acid, sulphurous acid, from native sulphur, pynte, marcasite, chalcopyrite, sphalerite, 
pyrrhotite, and other sulphide ores. 

Tantalum from columbite. 

Thorium nitrate and thorium oxide from monazite, thorite, thoriamte. 

Tin ond sodium stannate from cassiterite. 

Titanium, titanium oxide, and ferro-titanium from ilmenite. 

Titanium carbide from rutile. 

Tungsten, ferro-tungsten, from wolframite and scheelite. 

Tungstate of soda from wolframite. 

Uranium yellow or sodium diuranate from uraninite, carnotite. 

Vanadium, and /erro-vanadium from carnotite, patronite, roscoelite, vanadinite, descloizite. 

V anodic oxide from mottramite. 
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Zinc, **«tnc dual,** and zinc oxide from sphalerite, smithsonite, and calamine; and in New Jersey, 
willemite and zincite. 

Zinc sulphate from sphalerite. 

Zirconium oxide from zircon. 


DESCRIPTIVE AND DETERMINATIVE TABLES 


Rare species without economic value are omitted. Their inclusion would greatly 
increase the complexity of the tables and also increase the difficulty of determination. 

Rare minerals require special methods beyond the scope of a simple set of mineral 
tables; chemical analyses, optical, and X-ray determinations are usually necessary. 

Due to the limited space the species are described only in the tables, and the 
accompanying diagrammatic index will enable the user to find a brief description of any 
species. (For example, seheelite. A reference to 22 in the diagram will give composi- 
tion, crystal system, hardness, specific giavity, colors, solubility, flame coloration, behavior 
with fluxes and geneial appearance.) 

The uses and occurience of minerals are summarized in sepaiate tables. In using the 
tables the customary precautions are understoo<i to be taken : 

1. Tests must be made upon homogeneous materials, and lusters and colors observed 
on fresh fractures. 

2. Classifying tests must be decided; not weak, nor indefinite. If undecided, the 
species on both sides of the dividing line must be considered. 

3. Hardness tests should be assumed to be within say one half; that is, a determination 
H = 5 should for safety be taken as 4.5 to 5.5. 

As shown by the accompanying key, the principal subdivision is between metallic and 
non-metallic luster. The blowpipe test is made suboidinate for miner als of metallic 
luster and minerals of non-metallic luster with coloicd stieaks, but, for minerals of non- 
metallic luster with white streaks, experience proves that the blow pipe oi the microscope 
lead to a determination with less repetition than such <pialities as color and hardness. 

A novel feature of the tables is the “ scheme within a scheme,” ])y which the order of 
testing may be varied. For instance, in Ifi, 17, IS the arrangement is by blowpipe tests 
in order of hardness, but the parallel columns permit color to be used as the classifying 
test; that is, the order of testing may bo color and haidness or blowjiipe test and hardness. 

Similarly in 5, 6 the anangement of the metallic w’hite and gray minerals is by streak 
and hardness, but the paiallel columns permit the Iwhavior on charcoal in oxidizing and 
reducing flame to be used as the cla'^sifying test; that is, the order of testing may 1)0 color, 
streak and hardness, or color and behavKn on chaicoal. 

Chemical symbols are used only foi the foimulas of the species and foi the common 
solvents, HCl, H2SO4, HNOs, KOH, etc. A.sido fioiii these a few abbreviations are used, 
the principal Ix'ing 

Systems of crystallization are indicated by the letters* I (Isometric), T (Tetragonal), 
O (Orthorhombic'i , M (Monoclinic) , Tn (Tiiclinic), H (Hexagonal). 

Terms in blowpipe tests. Soda for sodic caibonate, S Ph. for salt of phosphorus, 
O. F. and R. F foi oxidizing and 1 educing flame, Co, vSol. for cobalt solution, coal for 
charcoal. 

The -f sign in any column opposite any mineral indicates that the quality indicat'd 
is a character of that mineral. 

The following diagram furnishes at a glance the proceduie to be followed in identifying 
an unknown mineral ; 



Metallic or suh-metailic ] 1 Non-metaUic 
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Minerals of Metallic or Sub-Metallic Luster, Black or Nearly Black in Color 

(Including arbitrarily some dark-colored minerals of doubtful luster) 
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Minerals of Metallic or Sub-Metallic Luster, Black or Nearly Black in Color — Continued 
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Minerals of Metallic or Sub*Metallic Luster, Black or Nearly Black in Color — Continued 
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Minerals of Metallic Luster, Tin- White, Silver-White, Lead-Gray or Steel-Gray in Color 
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Minerals of Metallic Luster, Tin- White, Silver- White, Lead-Gray or Steel-Gray in Color — Continued 
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Minerals of Non-MetalHc Luster, Tasteless and with Colored Streak 
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Minerals of Non-Metallic Luster, Tasteless and with Colored Streak — Continued 
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Minerals of Non-Metallic Luster, Tasteless and with Colored Streak — Continued 
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Minerals of Non-Metallic Luster, Tasteless and with White Streak, and Yielding Reactions on Charcoal with Sodic Carbonate — Continued 
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Square and octagonal prisms 
and radiated columnar or 
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Appearance 

Rounded chalky masses with 
pecubar, harsh (meager) feel. 

Masses of rounded grains 
(pisohtes or oohtes) or 
earthy or clay-like. No 
luster. 

Dull clay-like or mealy 
masses Greasy feel. 

Often occurs in soapy or wax- 
like masses of clay. 

Small stalactites or thin, 
smooth crusts, with in- 
ternally fibrous structure. 
Rarely in small crystals. 

Coarse, rounded prisms. 
Often superficially black. 
Cross-sections show a cross 
or checked figure. 
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MINERAL SUBSTANCES NOT EASILY DETERMINABLE 

BY A SCHEME 

The following mineral substances of economic importance have not been included in the 
determinative tables, some because they lack hxed characters, others because their characters are 
lost in those of their associated substances and others because they occur only in one known locality. 

Amber, once the most prized of gems, now used sometimes in jewelry, oftener as a mouthpiece 
for pipes, is a name given to those fossil resins which contain succinic acid and were derived from a 
particular extinct species of pine. The amber of the Baltic Sea and the Sicilian amber are the most 
valued. Color, garnet red, reddish, yellow, brownish, sometimes with bluish fluorescence. Luster 
resinous, streak white, II = 2 to 2.5-. G = 1.09G. Melts quietly at 125® to 150° C. and gives off 
a choking vapor. 

Asphalts are rather indefinite mixtures of hydrocarbons and their oxidized products. They 
vary from thick, highly viscous liquids to solids, are generally black in color with pitch-like luster, 
and burn easily with a pitchy odor. They are slightly heavier than water. Examples the pitch 
lakes of Trinidad and of Bermudez, Venzuela, the manjak of Barbados, the elastic elutente of 
Derbyshire, England; the albertite of New Brunswick, and the gil&onite of Utah. Sandstones 
and limestones impregnated wnth asphalt occur in many localities 

Brucite Mg(OH) 2 . A white, compact, finely-crystalline mineral, with slightly greenish tint. 
Soluble m dilute HCl, yielding tests for Mg; also yields water in closed tube Found in a large 
deposit on western side of Paradise Range, Nevada, associated with magnesite and dolomite, along 
a contact of granite with a magnesitt'-dolomite series. Other forms, of non-commercial importance, 
sometimes associated with .seipentine, are apt to be micaceous or fibrous. 

Carnotite, 2 UO 3 V 2 O 6 K 2 O 3 II 2 O (,?) A canary yellow, pulvuralent mineral, in minute scales, 
filling the interstices of sandstone in several counties in Colorado Rarely compact and wax-like. 
It contains radium, and is an impure vanadate of uranium and potassium, or uranium and lime, 
or both. Is a commercial source of radium, uranium, and vanadium. 

Clays are mixtures of mineral fragments, due to rock decay They are usually plastic when wet, 
can be molded, and harden on heating. By analysis they are principally silica and alumina, with 
some iron oxide and small amounts of other elements. Mineralogically they contain hydrous 
silicates of alumina, free quartz, and varying amounts of many other minerals In origin they may 
have resulted from decay in place (residual clays) or may have been transported by w’ater, ice, or 
wind (sedimentary clays) The most important clays arc 

Kaolins. White-burning, residual clays, often not plastic, approaching kaolinite in composi- 
tion, but not necessarily composed chiefly of that mineral. They are the basis of white wares and 
porcelain, etc. 

Ball clays. White-burning sedimentary clays. They are highly plastic and arc added to 
kaolin to give plasticity. 

Fire clays. Either sedimentary or residual clays, which stand high degrees of heat without 
fusion. Composition very variable and apparently best with bttle free silica, lime, magnesia, or 
alkalis. 

Fuller’s earth. A montmonllonite-bearing clay, greenish in color when moist. Is a natural 
adsorbent for coloring matter in oil 

Stoneware clays. Clays suflicientlj'^ plastic and tough to be turned on a potter’s wheel 

Terra-cotta clays. Usually buff-burning clays, with low shrinkage and dense-burning character 

Sewer pipe and paving-brick clays. Vitrifiuble, high in fluxes. 

Brick clays Low-grade clays, with considerable phusticity, which harden at a comparatively 
low temperature. 

Slip clays. Melt at a comparatively low' temperature and form a glaze 

Paper clays. White clays free from sand, used for mixing with pulp fiber 

Bentonite. Composed essentially of the mineral montmonllomte, usually formed by alteration 
of volcanic ash. Many bentonites swell in water. Some bentonitic cla>s extensively u.sed for 
clarifying oil. 

Diatomite. An extremely light porous, white, mass of microscopic, opaline, organism.s (diatoms), 
chiefly silica, but yielding much w'ater m the closed tube. Used as a heat insulator, also for brick 
or in filtration. 

Gilsonite. An asphaltite. Sp gr «= 1.01 to 1.10; melting point, 230° to 400° F; found in veins 
in NE Utah. Was probably distilled by heat from the underlying Green River shale. Used for 
varnishes and japans, printing and rotogravure inks, and in various commercial products; 32 227 
tons reported mined in 1935. 

Grahamite or Glance Pitch. An asphaltite. Sp gr of about 1.15 or more. Largely mined in 
Cuba, where found in sedimentary and serpentinous rocks. Formerly mined in Pushmatoka Co, 
Okla, and Ritchie Co, W Va* 

Kieserite (MgS 04 -f- H 2 O) is the source of Epsom salts, and an important source of magnesium 
oxide and basic carbonate (magnesia alba). It occurs at Stassfurt, Prussia, as about one-fifth of a 
layer 190 ft thick, chiefly halite and carnallite, and as one of the constituents of the overlying mixed 
salts. Exposed to the air it becomes epsomite. After removal of associates there remains a moss 
slowly soluble in water and easily fusible. H •» 3 to 3.5, G *» 2.5. Rarely orthorhombic crystals. 

Livingstonite (HgSb 4 S 7 ). Found in Mexico at Huitzuco and Guadaloazar and said to have 
been used as a source of mercury. It resembles stibnite in appearance, has metallic luster, lead- 
gray color, red streak, H *■ 2, G ■■ 4.81, and occurs in groups of slender prismatic crystals. 
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Mottramite (CuPb) 6 V 2 Oi 0‘2 H 2 O). The vanadium of commerce was formerly obtained from 
thin, blackish incrustations of mottramite upon the Keuper sandstone, Cheshire, England. Streak 
yellow, H == 3, G = 5.9, 

Ocher, commercially, is a golden-yellow intimate mixture of clay with 20% or more of hydrated 
ferric oxide. Mineralogists use the name also for pulverulent yellow iron oxide (xanthosidente) 
and for pulverulent red hematite. 

Ozocerite, or mineral wax, is essentially a paraffine, colorless to white when pure, but oftener 
greenish or brown, and possessing all the properties of beeswax except its stickiness. A little is 
mined m Utah and about 3 OUO tons are imported annually fromGahcia and Moldavia. Used in 
crude state as insulation for electric wires. By distilling it yields ceresine, used for candles, burning 
oils, paraffine, a product like vaseline and a residuum which, with india-rubber, constitutes the 
insulating material called okonite 

Patronite (vanadium sulphide). At the one locahty of Cerro de Pasco, Peru, there is a vein 
7 or 8 ft thick of a nearly black material resembling slaty coal. About two-thirds of this is patronite 
and one-third metallic sulphides and free sulphur. Below it is 1 to 2 ft of coke-like material, chiefly 
carbon, which blends into a lustrous black material 4 to G ft thick, containing more sulphur than 
carbon, but known as asphaltitc The ashes of these two associates are also rich in vanadium, and 
the roasted or burned material is exported. 

Petroleum is a mixture of hydrocarbons, obtained from the earth. It varies from a light, easily 
flowing liquid, to a thick viscous oil, and is usually of a dark brown or greenish color, with a distinct 
fluorescence Chemically the American petroleum consists principally of hydrocarbons of the 
paraffine senes CnHan+a. with smtiller amounts of the senes CnH 2 n liud CnIl2n-6- The oils from 
Baku, on the Caspian, Rangoon, Galicia, and the Caucasus, contain more of the C,iH 2 n or olefin 
series. 

Roscoehte (vanadium mica). A mica of brown to brownish-green color, long known as an 
associate of gold in certain mines of California, and containing approximately 25% V 2 OJ, is now 
commercially obtained from a soft Colorado sandstone of greenish color, in which the roscoelite 
fills the interstices between the grains 

Thonanite (Tht) 2 U 808 ). Small water-worn blackish cubic irystals found in the Ceylon gem 
gravels and used ns a source of thoria. 11 = 5 5 to 0, (J = 9 3. It is radioactive 

Thorite (TIiMO^^ Black or orange-yellow', rircon-hke crystals and masses, occurring in Nor- 
way in small (luantity, used as a source of thoria H =* 4.5 to 5, G = 4 8 to 5.2. Infusible; 
gelatinizes with to uls 

Tripoli. A fine, siliceous powder, containing chalcedony or opal; used as abrasive; clay-hke 
m appearance, but (iiute gnttj. 

Umber is drab-colored mixture of iron and aluminum silicates, containing manganese oxide. 
It becomes reddish brown on burning. .Sienna is similar, but with less manganese and lighter in 
color 

Vermiculitc, Various forms of soft, pliable or inelastic mica, when heated, slowly expanded 
material useful in heat insulation 

Wad. Earthy to compact indefinite mixtures of oxides, especially of manganese, cobalt or 
copper, are known as wad. They have no constant characters, but may be valuable ores. Usually 
dark brown to black in color. 


INDEX TO DETERMINATIVE TABLES* 


(Numbers indicate the sections in the tables) 


Actinohte (see \mphibole) 
Albite (ace Plagiocluse) 
Alumimte, 23 
Alunite, 18 
Alunogen, 7 
Amber, 25 
Amblygonite, 19 
Amphibole, 20, 21 
Analcime, 20 
Andalusite, 23 
Anglesite, 16 
Anhydrite, 18 
Anorthite (see Plagioclase) 
.\ntimony, 4 
Apatite, 22 
Apophyllite, 19 
Aragonite, 24 
Argentite, 1 
Arsenic, 4 
Arsenopyrite, 3 
Asbesios (see Amphibole) 
Asphalt, 25 


Atacarnite, 12 
Aiigite (see Pyroxene) 
Autumte, 13 
Azurite, 11 
Barite, 18 
Bauxite, 14, 23 
Bentonite, 25 
Beryl. 22 
Riotile, 22 
Bismuth, 4 
Boraeite, 19 
Borax, 8 
Bornite, 6 
Braunite, 1 
Brochantite, 12 
Brueite, 25 

Calamine (see Hemimorphite) 

(^alavente (.see Gold telluride) 

Caleite. 24 

Carnnihte, 9 

Carnotite, 25 

Cassitente, 2, 13, 16 


Celestite, 18 
Cerargyrite, 17 
Ceruaaite, 16 
Chabazite, 19 
Chalennthite, 8 
•Chalcedony, 24 
Chalcocite, 1 
Chalcopynte, 5 
Chiastolite (see Andalusite) 
Chlorite Group, 12, 22 
Chondrodite, 24 
Chromite, 2 
Chryaoberyl, 23 
Chryaocolla, 17 
Chrysolite (see Olivine) 
Chrysotile (see Serpentine; 
Cinnabar, 14 
Clavs, 25 

Clinoehlore (see Chlorite 
tJroiip) 

Cobaltite, 3 
Colemanite, 20 


* Mineral names correspond with recommendations of Committee on Nomenclature, of Min- 
eralogioal Soc of America. 
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Collaphane, 22 
Columbite, 1, 2 
Copiapite, 7 
Copper, 6 
Corundum, 23 
Crocoite, 16 
Cryolite, 19 
Cuprite, 14 
Cyanite (see Kyanite) 
Datolite, 20 
Descloizite, 15 
Diamond, 24 
Diatomite, 25 
Diopside (see Pyroxene) 
Dolomite, 24 
Dumortierite, 23 
Elaeolite (see Nephelite) 
Embolite, 17 
Emerald (see Beryl) 

Emery (see Corundum) 
Enargite, 1 
Enstatite, 22 
Epidote, 21 
Epsomite, 7 
Erythrite, 14 
Fluorite, 19 
Franklinite, 2 
Fuller's earth, 26 
Galena, 1, 3 
Garnet, 21, 24 
Garnierite, 12 
Gibbsite, 23 
Gilsonite, 25 
Glance pitch. 25 
Goethite, 2, 13 
Gold, 6 

Gold tellurides, 4 
Grahamite, 25 
Graphite, 1 
Greenockite, 13 
Gypsum, 18 
Habte, 10 
Hausmannite, 2 
Hematite, 2, 14 
Hemimorphite, 16 
Heesite, 4 

Hornblende (see Amphibole) 
Hydrozincite, 16 
Hypersthene, 21 
Idocrase, 21 
Ilmemte, 1. 2, 14 
lodyrite, 13 
Iridosmine, 4 
Jamesonite, 1, 3 
Kainite, 9 
Kalinite, 9 
Kaolinite, 23, 25 
Kernite, 8 
Kieserite, 25 
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Kyanite, 23 

Labradorite (see Plagioclase) 

Lapis Lazuli (see Lazunte) 

Lazurite, 11, 18 

Lepidolite, 19 

Leucite, 23 

Limonite, 2, 13 

Linnaeite, 3 

Livingstonite, 26 

Magnesite, 24 

Magnetite, 1 

Malachite, 12 

Manganite, 2 

Marcasite, 5 

Mercury, 4 

Microclme (see Orthoclase) 
Millerite, 5 
Mirabilite, 10 

Mispiekel (see Arsenopyrite) 
Molybdenite, 4 
Monazite, 24 
Montmonllonitc, 23 
Mottramite, 25 
Mundic (see Pyrrhotite) 
Muscovite, 22 
Natrolite, 20 
Nepheline, 20 
Niccolite, 5 
Nitre, 9 
Ocher, 25 

Oligoclase (see Plagioclase) 
Olivine, 24 
Opal, 24 
Oipiment, 13 
Orthoclase, 22 
Patromte, 25 
Pentlandite, 5 
Petroleum, 25 
Phlogopite, 22 
Pitchblende (see Uraninite) 
Plagioclase, 19, 20 
Platinum, 4 
Polybasite, 1 

Prochlonte (see Clinochlore) 
Proustite, 14 
Psilomeiane, 1 
Pyrargyrite, 2, 14 
Pyrite, 5 
Pyrolusite, 1 
Pyromorphite, 13, 16 
Pyrophyllite, 22 
Pyroxene, 20, 21 
Pyrrhotite, 5 
Quartz, 24 
Realgar, 15 
Rhodochrosite, 24 
Rhodonite, 21 
Roscoelite, 25 
Ruby (see Corundum) 


Ruby silver (see Proustite and 
Pyrargyrite) 

Rutile, 2, 13, 24 
Sapphire (see Corundum) 
Sassohte, 8 
Scheelite, 22 
Sepiohte, 22 
Serpentine, 22 
Sidente, 13, 17 
Sillimamte, 23 
Silver, 4 
Smaltite, 3 
Smithsonite, 16 
Soda nitre, 10 

Specular iron (see Hematite) 

Sperry lite, 3 

Sphalerite, 2, 13, 16 

Sphene, 21 

Spinel, 23 

Spodumene, 20 

Stannite, 3 

Staurolite, 24 

Stephamte, 1 

Stibnite, 3 

Stilbite, 19 

Stieam tin (see Cassiterite) 

Strontianite, 22 

Sulphur, 13, 16 

Sylvamte (see Gold telluride) 

Sylvite, 9 

Talc, 22 

Tellurium, 4 

Tenorite, 1 

Tetrahedrite, 1, 3 

Thonamte, 25 

Thorite, 25 

Titanite (see Sphene) 

Topaz, 23 

Tourmaline, 10, 21, 22, 24 
Tremolite (see Amphibole) 
Tripoli, 25 
Trona, 10 
Turquois, 12, 24 
Ulexite, 20 
Umber, 25 
Uraninite, 1, 2 
Valentinite, 16 
Vaiiadiiiite, 13, 16 
Veimiculite, 25 
Vesuvianite (see Idocrase) 
Vivianite, 11 
Wad, 25 
Wer norite, 19 
Willcmite, 16 
W'olframito, 2 
Wollastonite, 22 
Wulfenite, 16 
Zincite, 15 
Zircon, 24 
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GEOLOGY 


1. INTRODUCTION 

A rock is a mineral or aggregate of minerals, forming an essential part of the earth; 
but many important mineral bodies, such as ores of metals, are not to be eonsideied as 
rocks. Of about 1 500 species of minerals, only 20 or 30 are important as rock constituents. 

The three great classes of rocks are. Ioneoi s, solidified from fusion; Sedimentahy, 
deposited in water or air, Metamorphic, reorystallizcd or otherwise altered igneous and 
sedimentary rocks, such that their original character has been obscured Igneous rocks 
are believed to have been the jiredecessors and source of all others (1, 2, 3). 

An analysis, illustrating cross composition of the outer 10 miles of the earth, is given in Sec I, 
Art 1 Compared with the percentages there stated, nickel and iron probably become iiicreabingly 
abundant toward the earth’s center 

Most abundant elements of rock-forming minerals are silicon, oxygen, aluminum, iron, mag- 
nesium, calcium, sodium, potassium, and hydrogen, secondarily, carbon, chlorine, phosphorus, 
titanium, manganese, and sulphur All other elements, even the familiar copper, lead and zinc, 
and the precious metals, or an abundant atmospheric gas, as nitrogen, are small in amount 


2. CHEMICAL COMPOSITION OF ROCK-FORMING MINERALS 

Rock-forming minerals comprise silicates, oxides, carbonates, sulphates, chlorides, 
phosphates, sulphides, and native elements. 

Silicates are the most important, whence silicic acid, in various foinis, is the foremost 
acid in Nature. Three principal forms of silicic acid are repiosented in the lock-inaking 
minerals: H 2 Si 03 (metasilicic), H4S1O4 (orthosihcic), and H4S13O8 PyK>^f'ncs, aniphi- 
boles, and leucite are salts of metasilicic acid. Micas, olivine, anorthite, ncphclito, gariu*t, 
and many minor minerals are orthosilicates. Oithoclasc and albite are salts of H 4 Sij()s 
Some silicates have only the usual bases, aluminum, iron, magnesium, calcium, and the 
alkalies, and are called aniiydroiis, others, usually formed by v^eatheiing oi altciation 
of the first, contain hydrogen and oxygen 111 such proportions as to be diiven olT a.'' water, 
and are called hydrated silicates. This distinction is rendered important by tlio gen- 
eral secondary character of hydiated .silicates, d'he chief anhydrous silicates in igneous 
rocks embrace the following mineral gioups feldspars and feldsiiathoid.s, pvioxeno'^, 
amphiboles, micas, and olivine. Rarer and less important are zircon, sphenc, tourmaline, 
and analcime. On weathering or other alteration, the hydrated silicates, kaolinite, 
chlorite, and serpentine, usually result Metamoriihic rocks contain a few characteristic 
silicates, besides the common ones of igneous locks, \iz staurolitc, sillimanitf*, kyaiute, 
andalusite, sca])olite, and cpidote. 

Oxides are next im^iortant, of which quartz (S 1 O 2 ) .stands first, Ixung abuiulant in the 
great classes of rocks The related forms of silica, chalcedony, cristobahte and tndymito, 
and the hydrated variety, opal, should al.so be noted. Next are tin* oxides of iron, magnetite 
and hematite, and the hydrated form, hmonite. With magnetitt* are associated chromite 
and ilmenite (FeO*Ti02). Water, wlndher luiuid or ice, is technically a mineral. 

Carbonates are calcite, dolomite, and siderite, with their intermediate mixtuies. 
They are of chief importance in sedimentary and metamorphic rocks, occurring rarely in 
igneous rocks, except as pioducts of weathering. There are two common sulphates, 
anhydrite and gypsum. One ohloride, c'ommon salt, alone merits attention. The 
PHOSPHATES are apatite and collophane Two solphides, pyiito and pyrrhotite, are 
widely distributed. The one native rocl.-forming element is graphite. 


3 . ROCK-FORMING MINERALS (1, 2, 3) 

Minerals of the igneous rocks are grouped accoiding to their usual order of crystalliza- 
tion into: 1. Iron ores and minute a-ssociates. 2. Ferromagnesian silicates (oliviiie, 
pyroxenes, amphiboles, and micas), 3. Feldspars and feldspathoids (plagioclase. oitho- 
clase, nephehte, leucite, and analnme). 4. Quartz, in acidic and higher medium rocks 
only. For descriptions, see Sec I, Determinative Tables. 

*>-. 09 . 
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Minerals of the sedimentary rocks are ordinarily fragments of minerals from igneous 
rocks. Quartz is most resistant to solution, alteration, and abrasion, and therefore appears 
in almost all sands and sandstones. The others are less frequent. After quartz, carbon- 
ates are of chief interest. Calcite and dolomite constitute the limestones, sometimes with 
slight admixture of siderite. Kaolinite, montmonllonito and hydromica enter the fine 
sediments. The two sulphates, gypsum, the more abundant, and anhydrite, appear only 
in sedimentary rocks. The same is true of the chloride, rock salt. 

Minerals of the metamorphic rocks. The components of Vjoth sedimentary and igneous 
locks, when deeply buried, with attendant heat and pressure, recrystallize at times to 
distinctively metamorphic minerals. Silica, lieing omnipresent, survives as quartz. 
The aluminous components afford andalusite, sillimanite, and kyanite. Magnesian, iron, 
and aluminous compounds yield abundant biotite and occasional epidote. Lime, in asso- 
ciation with ferric iron or alumina, makes garnet possible, but orthoclase may become 
muscovite. The feldspars are important components. The ferromagnesian minerals 
(chlorite and serpentine) are derived from magnesium- and iron-bearing originals. 

Summary of Rock-forming Minerals 

Igneous Rocks. Quartz 

FbLDSCARs orthoclase, plagioclase 
Feld8i*athoid 8 nephcline, leucite, analcime, mclihte 
Pyroxenes hypersthene, diopside, augite, soda-pyroxenes 
Amphibole.s hornblende, soda-amphiboles 
Mic\h biotite, muscovite 

Other Minerals* olivine, magnetite, ilmenite, apatite, zircon 
Sedimentary Rocks. Fragments froni igneous rocks, especially quartz and feldspars; kaolinite, 
montmorillomte, hydromica, calcite, dolomite, sidente, limonite 
Metamorphic Rocks. Quartz, feldspars, biotite, muscovite, hornblende, epidote, garnet, 
sillimamte, andalusite, calcite, dolomite, serpentine, t.alc, chlorite 


4. IGNEOUS ROCKS 

Structures and textures. In a broad way, igneous rocks, as contrasted with sedimen- 
tary and motamoiphic, have a massive structure; that is, their minerals are not arranged 
in parallel or distinct layers. Ma^ssive is m many respects a synonym of igneous. Exam- 
ined more in detail, as in hand-specimens, they have 4 common textures. Wheie the 
molten ma88 ha> been too (piickly chilled to crystallize, the texture is c.lassy. This texture 
appeals on outer holders of thin masses, on upper surfaces of lava flows, and, in relatively 
infusible \arieties, it may extend through an entire flow. It is most frequent m siliceous 
locks, which have high fusing points, it is rare m the medium, and scarcely known in the 
basic. Wht'rc molten masses have cooled rather rajiidly, and yet not so quickly as to 
pi event crystallization, very fine-grained textuies result, called feusitic. But, if older, 
larger, and already well-formed crystals at the time lie swimming m the magma, which 
then crystallizes in relatively small component.s, the texture is called porphyritic. The 
huge crystals nio called phknocryms and the inatiix the (morND-MASs. Phenocrysts of 
acidic rocks are chiefly quartz and feldspars, the dark torromagnesian silicates are much 
lost, common, lu inodniin locks, quartz jiractically fails, and feldspars are associated 
with more of the fcnomagnosian mmeials. In basic porphyritic rocks, feldspars decline, 
while augite and olivine, and very rarely biotite and hornblende, gradually replace them. 
When a molten magma crystallizes into an aggregate of fairly coarse components of about, 
the same size, the texture is tniANiToin (like granite). Raiely, m these coarsely crystalline 
rocks, the feldspars become unusually large and stand out in contrast with the rest. 

As a Tc.'^ult of explosive outbreaks at volcanic vents, igneous rocks are sometimes blown out as 
fragments of all sizes, from impalpable dust lt» large bombs The fragments settle down on the sides 
of the cone f)r at greater distances, and yield rocks with marked fragmental texture, allied to sedi- 
ments If coarse, they arc called BitE(ei\», if fine, tvei-b 

Chemical composition of igneous rocks. Silica ranges from about 80% to a theoretical 
mininuim of ()% in ccitain igneous iron ores, only in raio cases does it fall below 40%. 
Igneous rocks containing above 05% silica are called acidic: those with 55 to 65%, 
medh^m; below 50%, hahic. Of ali mina the supeiior limit is 2.5 to 30%, general range, 
12 to 18%, minimum, nearly 0 Iron oxides are low, 1% or loss, m the most acidic 
rocks, but increase in the basic to 10 to 20%; in rare extremes, 90 to 95%. Magnesia 
sinks to a ineie trace m the acidic, lismg with fall of silica to 30% in the extremely basic. 
Lime is low' in the. acidic, gradually increasing to about 15% maximum in certain basic 
rocks. Potash is highest in the rare leucite rocks, reaching 10 or 12%; it ranges from 
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4 to 7% in medium rocks with much orthoclase, and disappears in basic types. Soda 
has a similar maximum in the rare nepheline rocks, and the same range in medium rocks 
rich in albite, approaching extinction in the extremely basic. Water, of 0.5 or 1%, 
usually indicates weathered rocks. 

It is important to connect chemical compositions with the resultant minerals and vice versa. 
Chemical composition obviously determines the minerals, and, in so far as extremely acidic rocks 
have relatively high fusing points and chill more easily, it also influences texture. 

Classification of igneous rocks shown in Table 1 has general acceptance by geologists. 
Rocks range from acidic on left of table to basic on right; from quickly-chilled rocks above 
to slowly-cooled rocks below, a still lower line of fragmentals marking transition to sedi- 
ments. The forms assumed in Nature are in extreme left-hand column; to be defined 
after the descriptions. The rocks are further subdivided in vertical columns on basis of 
mineralogy. Feldspars and feldspathoids are the fundamental basis of subdivision; 
other minerals are subordinate. 

The table gives a general view of the igneous rocks and defines thoee commonly met m mining. 
For close determination greater refinement may be desirable In some mining districts m the 
western U S are found the (.rano-diorites (intermediate between granites and quartx-diontcs), 
not mentioned in the table, they have about the same amounts of oithoclase and plagna lase Inter- 
mediate between syemtes and diorites are the monzonites If they have a little quartz, hut not 
as much as grano-diontes, they are termed quartz-rnonzonites. Butte granite, containing the 
copper veins, is usually described as quartz-monzonite. Several great bodies of “porphyry coppers” 
are m monzonite-porphyries. The v ineties of gabbro containing hypersthene instead of common 
augite are called norite, important because they contain the nickel-copper ores at Sudbury, Ont 
(For meaning of names of other rare igneous rocks, sometimes appearing in reports, see glossary in 
later editions of Kemp’s ‘‘Handbook of Rocks.”) 

Glassy rocks are the most evident results of cooling from fusion. They are almost 
always acidic and aie represented by the rhyolites and dacites, described later. Moie 
basic varieties are known, but are less frequent. Commonest glasses are the oiihidiaxh, 
black, red, and brown, with 0.5 to 1% water. They may be assumed to ho ijuickly- 
chiiled rhyolites or dacites. Pi mice is an excessively cellular obsidian. A rarer glass, 
which chills into an aggregate of ahot-like spheroids, is pearlite or pearIv-ktoxe, usually 
containing 2 to 4% water. The last glass deserving mention is the rare, rcsinoii^ pitcii- 
STONE, having 5 to 10% water and is nioie easily fuMble with blowpipe than the others 

Rhyolite-granite series embraces igneous magmas containing* silica, 05 to «S()" ; ; 
alumina, 12 to 15%, iron oxides, 1 to 3%, magnesia, le.ss than lime, I to 2^ ? ; 

potash and soda, 5 to 8%. They are common in Nature, and on crystallizing yield finely 
to coarsely crystalline rocks, consisting chiefly of orthocla.se, acidic plagioclase, and quartz, 
together with relatively small amounts of the daik silicates, biotite, hornblende, and 
augite, stated in order of fioquency. Light-coloied mmeials are in great excess. 

Rocks of this senes are* rhyolite (syn, hpante), fflsitic or partly glassy texture, few pheno- 
crysts, RHYOLiTE-PORi’HYRY (syii, q uartz-porphyry) , felsitic ground-rnfiHs, abundant phcnocrysts; 
GRANITE-PORPHYRY, predominant phenocrysti., subordinate ground-mass; oramtk, granitoui tex- 
ture, components of about the same size, but feldspars sometimes abnormally largo rhUMATiTKs; 
crystallization of granite is often accompanied by sopuralion of portuuis of the inagtna, in association 
with abnormally large admixtures of dissolved gases These portions pass outward into wall-rooks 
as dikes, often for great distances and in large size, on crystallizing, they yield very eoarsc aggre- 
gates of same minerals as appear in granite itself, with many rare elements concentrated in them, 
and are called pegmatite 

In this series the prominent minerals are feldspars and quartz; dark silicates are subordinate 
They are closely related to the dacite-<iuartz-djorite senes, from which to distinguish them micro- 
scopic examination may be necessary The distinction is practically of small moment 'I lus series 
18 very abundant and widely distributed Its tuffs and breccias are also fre<iuent 

Trachjrte-syenite series embraces igneous magmas containing: silica, 55 to 05%; 
alumina, 15 to 20%; iron oxides, 1 to .3%; magnesia, 1 to 2%; lime, 1 to .3' ; p(da.sh and 
soda, 7 to 12%. They are much less common than the rhyolitc-gi anite hitics. On 
crystallizing they yield finely to coarsely crystalline locks, consisting of orthoclase, acidic 
plagioclase, and usually notable proportions of the daik silicates, biotite, hofnbkmde, and 
augite, one or several. Quartz fails, or, at most, is extremely subordinate. Light-colored 
minerals are in excess. 

Rooki of this senes are: trachyte, felsitic texture, few phcnocrysts; tracuittf-porphyrt 
(syns, porphyry, orthoclase-porphyry), felsitic ground-mass, abundant phcnocrysts; myknitk- 
POBPHYBY, predominant phcnocrysts, subordinate ground-mass; syenite, granitoid texture, some- 
times varied by abnormally large feldspars Syemtic-pegmatities are known, tmt are less frequent 
than granitic. 
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In this series, feldspars are most prominent, dark silicates, subordinate Lack of quarts is the 
chief distinction from rhyolites and granites Tuils and breccias are known 

Phonohte-nepheline-syenitc senes embraces igneous magmas containing silica, 50 to 
60%, alumina, 18 to 22%, iron oxides, 1 to 3%, magnesia, 1 to 2%, lime, 1 to 2%, 
potash and soda, 10 to 15% They occur infrequently On crystallizing they yield finely 
to coarsely crystalline rocks, consisting of orthoclase, less abundant plagioclase, nephehne 
(more rarely leucite) , and pyroxene Though rare, they are of great scientific interest 

Kocks of this aeries are phonolite, felsitic or porphyritic, \^ith few phenocryate, phonolite- 
PORPHYRY, felsitic ground-mass, abundant phenocrysts, of which orthoclase is chief, nephehne being 
usually confined to ground-mass, nepheline-syenite-porphyry, predominant phenocrysts, 
subordinate ground-mass, nepiieline-syemte, granitoid texture, from rather fine to extremely 
coarse varieties, shading into pegmatites 

In most of these rocks, orthoclase is most prominent, but in the last-named, nephehne is at times 
abundant Many varieties have been recognized, depending on entrance of minerals less usual 
than those named, and the decline of normal components Sodalite is sometimes very prominent 
Biotite and hornblende are not so frequent as pyroxene Rocks with leucite are known, but are far 
less common than those with nephehne 

Dacite-quartz-dionte senes embraces igneous magmas containing silica 60 to 70%, 
alumina, 12 to 15%, iron oxides, 1 to 3%, magnesia, 1 to 3%, lime, 2 to 4Vo. soda and 
potash (soda in excess), 4 to 7% They are common in eruptive centers On crystallizing 
they yield finely to coarsely crystalline rocks, consisting of plagioclase, less orthoclase, and 
quartz, as the most prominent minerals, with biotite, hornblende, and pyroxene, one or 
several The light-colored minerals are m excess 

Rocks of this senes are duite, felsitic or partly glassy textures, few phenocrysts, DAciTf- 
PORPHYRY, felsitic ground-mass, with abundant phenocrysts, qi art7-diorite lOitpiiiRY, pre- 
dominant phenocrysts, subordinate ground-mass, quartz-diorite, granitoid texture 

Andesite-dionte series embraces igneous magmas containing silica, 50 to 65% , 
alumina, 15 to 18%, iron oxides, 4 to 9%, magnesia, 2 to 7%, lime, 3 to 8%, soda, 
3 to 5%, potash, 2 to 3% They are very widespread On crystallizing, they yiekl 
finely to coarsely crystalline rocks, consisting of plagicjclase, a little orthoclase, and biotite, 
hornblende, or augite, one or sex oral The light-colored mintials are in exet^^s and are 
the chief phenocrysts The rocks have usually light gray colors 

Rocks of this series are andesite (varieties, rmca-andesite, hornblcnde-andcaite, augite- 
andesite), felsitic textures, few phenocrysts, andfsite-i oin hyki fclsitn ground-rn'ies, with abun- 
dant phenocrysts, diobite- porphyry, predominant phenocrysts, ground-niass subordinate, 
DIORITE, granitoid texture Andesites are important in many western mining districts in the 
recently extinct and active volcanoes along Pacific coast, in Mexico, and in other parts of world 

Basalt-gabbro senes embraces igneous magmas containing silica, 40 to 55^ c ' alumina, 
16 to 20% f iron oxides, (i to 15%, magnesia, 5 to 10%, lime, 6 to 12^,^ , soda, 2 to 4^; , 
potash, 1 to 2% They are very widespread On crystallizing they yield finely to 
coarsely crystalline heavy rocks, consisting of plagioclase, little oi no orthoclase, and largo 
proportions of pyroxene, olivine, and magnetite The dark silicates are m excess and give 
rocks dark gray or black colors 

Rocks of this senes are basalt, felsitic textures, few phenocrysts, basalt-porphyry, felsitic 
ground-mass, abundant phenocrysts, oabbro-porphyby, predominant phenocrysts, subordinate 
ground-mass, diabase, granitoid texture, feldspars long rectangular, pyroxene irregular, in spaces 
among the well-crystallized feldspars, oabbro, granitoid, components as broad as long 

Basalt-gabbro rocks are very abundant Phenocrysts are almost entirely olivine and pyroxene 
The peculiar texture of diabase, due to feldspars completing their crystalli/ation before the 
pyroxenes, contrary to rule, gives it a special place Varieties of pyroxene afford special varieties 
of both basalts and gabbros Hornblende and biotite arc rarely observed, nephehne, leucite, 
analcite, and melilite sometimes appear and may displace the plagioclase All feldspars and 
feldspathoids may fail, giving the rare basalts, hmburgito and augitito, and the rare gabbros, 
pendotite and pyroxemte (Table 1) 

Ultra-basic rocks There are a few rare igneous rocks with less than 40% silica and corre- 
spondingly high bases The most important are the igneous magnetites, often titaniferous, in 
some places they are independent dikes and sheets, in others, segregations in igneous rocks 

Deteroiuiation of igneous rocks Their crystalline, massive character usually serves to identify 
them as igneous, but a warning may be given respecting certain dense contact-products, called 
HORNFELS First decide on predominance of light- or dark-colored minerals, next, on texture If 
light-colored minerals are in excess, feldspar is determined as orthoclase (no stnations on cleavage 
faces), or plagioclase (striated) Quartz is looked for Having thus decided general name, the dark 
silicate is determined If dark-colored minerals are in excess, and phenocrysts are also dark, the 
rock 18 placed in the basalt-gabbro senes and identified more sharplv by its textures A rock so 
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finely crystalline that no minerals can be identified is called felsite, if light-colored; or basalt, if 
dark. Microscopic examination is necessary for further refinement Greatly altered rocks, such 
as are commonly adjacent to mineral veins, can often be determined through surviving characters 
only discernible with microscope. If stained with chlorite, they are called greenstones. 


6. SEDIMENTARY ROCKS 

There are 4 groups (Table 2): (a) Breccias and mechanical sediments, not limestones; 
(6) Limestones; (c) Organic remains, not limestones; (d) Precipitates from solution. 


Table 2. Sedimentary Rocks 


Breccias 

Fragmentals, not 
Limestones 

Transi- 
tion to 
Lime- 
.stone 

Limestones 

Organic Rocks, 
not 

Precipi- 
tates from 



Loose 

Consol- 

idated 

Consol- 

idated 

Loose 

Consol- 

idated 

Limestones 

Solution 

Fault- 

breocius 

Talus- 

breccias 

C* 

£ 

-j 

o 

O 

( travel 

Con- 

glom- 

erate 

Calca- 

reous 

con- 

glom- 

erate 

Lime- 

stone- 

rubble 

Gravel 

Coral 

heads, 

etc 

Hubble- 

hine- 

stone 

Calciru- 

dites 

Alkaline 


Rock salt, 
gypsum, 
stalactites, 
stalagmites, 
"Mexican 
onyx," 
travertine 

i 

Sand'S 

Sand- 

stone 


Shell or 
coral 
sands 

Sand- 

lime- 

stones 

Co(iuma 

Calcarc- 

nites 

Siliceous 

Infusorial or 
diatoina- 
eeous earth 
Some cherts 
Some sinters 

Silicified 

wood 

Some cherts 
Some sinters 

Kruptive- 

brecoias 

Fine to Medium 

Mud 

.\rgilla- 

ceous 

sand- 

stone 

vShale 

(. 'alca- 
reous 
sand- 
stone 
Calca- 
reous 
shale 

Shell or 
coral 
muds 

Mud 

hme- 

stones 

Calcilu- 

tites 

Ferruginous 

Some hmo- 
mte 

Some hmo- 
nite 



Silt 

Clay 

Marl 

Calca- 
reous 
slimes 
or ooze 

Litho- 

graplnc 

lime- 

stone 

Carbonaceous 

Peat 

Lignite 

Bituminous 

coal 

Vnthracite 

Asphaltitee 


Determination of sedimentary rocks. Almost all may be recogniEod on sight It is important 
♦o make efTervcsnng tests with acid, to identify limestones, calcareous shales, etc Scraping up a 
little heap of powdered rock favors effervesetMice Wanning a eorner or edge of the rock even in 
flame of a match di>C8 the same, and may make stubborn dolomite yield to acid. 

The rocks of group (a) niav lx» arranged from coarse to fine, as follows. 


('oarse to Fine 


Brecci.a 

Gra\cl and 

SsimI and 

Argillaceous 

sandstone. 

Silt and 
Shale, 

Clay, 


(\»ngloineratc 

Sandstone 

C'alcareoua 

sandstone 

Calcareous 

shale 

Marl 


Breccias consist of angular fragments and are of 3 kinds* fault, talus, and eruptive, 
the names Ix'ing equivalent to definitions. Mechanical sediments, or gravels, contain 
rounded or water-worn fragments, and when consolidated are conglomerates. They 
pass into SANDS as the boulders or pebbles disappear, and when consolidated, sandstones 
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result. Sands, with admixture of clay or mud, become shales; as the sand disappears, 
sii/rs and clays; if calcareous, they are calcareous sandstone, calcareous shale, and marl. 
Limestones may be coarsely or finely fragmental, but are almost always derived from 
remains of organisms. Other organic remains yielding rocks are the siliceous diatoms and 
sponges, and carbonaceous plants in coal seams. Precipitates are rock salt, gypsum, and 
stalagmitic marbles. Certain ferruginous rocks also are probably of this nature. 

6. METAMORPHIC ROCKS 

These are of 3 great classes: contact rocks, produced by intrusive igneous rocks 
from their immediate walls, regionally metamorphic types, which extend over great 
areas, and products of weathering. 

Contact rocks embrace both the chilled border facies of intrusive (internal or 
endomorphic) , and the recrystallized products from shales, slates, or limestones (external 
or EXOMORPHic). Other rocks, such as sandstones and regionally metamorphic varieties, 
are much less influenced by intrusives. The general name for densely crystalline, altered 
shales is hornfels. From limestones a series of lime-silicates results; among them, 
garnet, pyroxene, epidote, and vesuvianite are commonest. Copper ores and magnetite 
often occur with them. 

Regionally metamorphic rocks embrace representatives of both igneous and sedimen- 
tary types, mmeralogically resembling sometimes one, sometimes the other. They include 
gneisses, mica-, hornblende-, and chlorite-schists, quartz-schists, quartzites, slates, mar- 
bles, ophicalcites, serpentines, and soapstones. Gneisses are banded or foliated rocks 
of the granitoid-igneous types, but are most commonly like the granites. Mica-schists 
are more finely foliated, and richer in mica than the gneisses. Hornblende-schists are 
finely foliated, roughly parallel aggregates of pn-smatic hornblende, with relatively few 
other minerals. Chlorite-schists, quartz-schists, etc, are finely foliated, with the 
characteristic mineral prominently developed. Quartzites are sandstones hardened 
and solidified with newly deposited silica. Slates are derived from shales and clays, with 
a now cleavage produced by pressure, but having no definite relation to original bedding. 
Irregularly breaking, metamorphosed, sandy shales, and volcanic tuffs and breccias, are 
called GRAYWACKE. Marbles are recry stalli zed limestones, often dolomites mineralogi- 
cally. They may bo mottled with serpentine, forming ophicalcites. Serpentines 
are usually metamorphosed pendotites. Soapstones are higher in silica, and consist of 
talc. They may be old pyroxenites or siliceous magnesian limestones. 

Products of weathering constitute the mantle of decomposition products, resting upon fresh 
bedrock to a greater or less degree, which is due partly to mechanical breaking up of the original 
rock, partly to alteration and disintegration by removal of soluble ingredients. Quarts and alumi- 
nous hydrated silicates, with ferric hydrate, become relatively enriched, while the other oxides go 
off in solution. Soils and subsoils result, and sediments are afforded for making sedimentary rocks. 
General names for the mantle of weathered products are. saprolite or rotten rock, laterite, 
residual soils, etc Latenzation is most pronounced in tropical climates 

Determination of metamorphic rocks is rarely difficult. Definitions convey the idea of char- 
acters Dense hornfelses sometimes resemble felsites, and may require microscopic determination. 
Gneisses, with increasingly tine foliation, shade into mica-schists and mica-schists into slates, so 
that distinctions may be matters of judgment The other rocks of this series give httle difficulty 


7. FORMS ASSUMED BY IGNEOUS ROCKS 

in tne field, igneous rooks are found in dikes, necks, bosses, stocks, surface flows, 
intrusive sheets or sills, laccoliths, and batholiths. The size and shape of these bodies 
exercise an important influence on texture of the component rock. Small bodies chill 
quickly and are glassy or felsitic; large bodies cool slowly and are porphyritic or granitoid. 
Designating one horizontal dimension as length (L), the horizontal dimension at right 
angles to L as breadth (B), and the vertical dimension as depth (D), a mathematical 
expression can be roughly formulated for each type. 

Dikes are long, narrow bodies of igneous rock, filling fissures in older rocks, into which 
it has entered in molten condition. In dikes, L and D are great, B relatively small; they 
vary from less than 1 in wide and a few yards long, to fractions of a mile in width and 
many miles in length. They usually have steep dips; arc often intimately associated with 
orebodies, and in one place or another embrace all varieties of igneous rocks. They 
may mark the last outbreaks in a series of eruptions in a x^articular district, and are then 
usually very basic, as at Cripple Creek, Colo. 

Dikes may radiate from an igneous center for miles into the surrounding strata, as in the Crasy 
Mts, Mont, or the Trinidad coal region, Colo. They may appear hundreds of miles from other 
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known igneous rocks, as in the coal measures of S W Pennsylvania. A dike derived from solidified 
molten rock, even though a magma be regarded as a solution, practically all of which crystallises 
tn situ, is contrasted with a vein, similar in shape and in relations to the walls, but which is deposited 
from solution, the solvent passing on. Yet, in the case of pegmatites, it is not clear whether the 
term dike or vein should be used; they may be considered the result of aqueo-igneous processes of 
.fusion. 

Neck is the solidified mass of lava that remains in the throat of a volcano after its 
last outbreak. When first congealed, it connects the lava that has poured from the crater 
with the unerupted residue in depth, just as a human neck connects head and trunk. 
As seen in the field, it is usually a decapitated neck, in that it is exposed to view only after 
removal of the lava flow and much of the cone by erosion. L and B are small, D great. 

In volcanoes, which yield both lavas and explosive products, the neck may be part solid lava 
and part breccia. Necks project in a rudely columnar manner from remnants of the old crater and 
from debris furnished by their own disintegration. 

Bosses are roughly cylindrical masses of igneous rock, projecting above surrounding 
wall rocks like the boss on an old-time circular shield. Coarse granite or pegmatite, 
because of its relative resistance to erosion, often projects from surrounding mica-schists 
or other softer rocks. Bosses differ from necks in not being due to volcanic activity. As 
in case of necks, however, L and B are relatively small, D great. 

Stocks are large, roughly cylindrical masses of intrusive porphyritic or granitoid rock 
in the midst of older walls. They do not necessai ily stand m relief, but otherwise resemble 
bosses; L and B are small with respect to D, although absolutely rather large. 

The name “stock'’ is the German word for floor or story in a house, and was applied to masses 
of igneous rock of cylindrical shape, because certain granite bodies of rounded outline, containing 
disseminated cassiterite, were formerly mined in horizontal shoes or floors. Finally the mass of 
rock itself came to be called a stock. For good illustrations, see Telluride folio of U IS Geol Siirv 

Surface flows are produced when lava W’ells out from a vent, and flows over surface in a 
relatively thin sheet; L and B are large, D small. In upper and under portions are many 
cavities, caused by expanding gases; the middle part is usually dense, and in a thick flow 
may be comparatively coarse-grained. The cavities are flattened and lounded like an 
almond, whence, from the Greek, they are called amygdaloids. 

The top of a flow may be a rough, slaggy scoria, even consisting of cakes of chilled and broken 
crust. Where dissolved gases hav'e all escaped before consolid.ition and Awhile l.iva is j ct molten, 
the final chilled surface may be comparatively smooth Surface flows may bury one another in 
succession, or be covered with later sediments. They are distinguished from intrusive sheots, 
because their heat can at most affect only underlying rocks, not those formed aboce them after 
cooling; whereas intrusive sheets bake both walls. More than 100 successive surface flows of basalt 
have been cut by deep shafts in the Lake Superior copper district 

Intrusive sheets or sills are masses of igneous roc'k which have been forced between 
strata of older rocks, and have solidified parallel with them. L and B aie great, I) small. 
The shape resembles that of a surface flow, and when a surface flow resting on sediments is 
buried under subsequent beds the result is much the same. The heat of intrusne sheets, 
however, always affects the sediments above and below them, and Hometimes produces 
important contact zones. 

Intrusive sheets vary from a few feet thick, and of no great known extent, to such a sill as the 
Palisades of Hudson River, visible 60 miles, traceable by drill 25 miles more; its thickness reaches 
600 ft, but 18 usually less Intrusive sheets doubtless rise from the depths along Assures, like diko.8, 
but then turn sidewise between strata along a line of least resistance They are sometimes asso- 
ciated with ore-deposits, as at I/eadville, Colo, and Mercur, Utah 

Laccoliths are a variation of the intrusive sheet and are lenticular in shape. If a sill be supposed 
to start from its feeding dike, sidewise between strata, and to find it easier to raise the overlying 
beds of a limited area than to force its w'ay with uniform thickness far and wide, a lenticular mass 
will result, tapering from a central maximum thickness to a thin edge Hence, L and B are rela- 
tively large, D smaller but variable Laccoliths w'hieh are fed outwardly from a central supply 
fissure are symmetrical, but tins fissure is sometimes a fault, with hard strata opposite soft ones, so 
that the intrusive can penetrate outwardly only on one side. Unsymmetrical masses, practically 
half-laccoliths, result. Laccoliths heave up overlying strata in domes, and when these are eroded the 
laccolith is exposed in midst of outwardly dipping beds The entrance of laccoliths may have 
been aided by incipient folding or arching of beds under compression Ivaccoliths are widespread 
in the western states. The name was coined by O. K. Gilbert from the Greek word for cistern, as 
the shape suggested the ancient dome-covered vaults for storing water. 

ChonoUths are irregular intrusive bodies, either filling a pre-existing cavity, or rending apart 
the rocks to make a way for itself The name was coined by R A. Daly from the Greek word for a 
mould in which metal is cast. No definite expression in terms of L, B, and D is possible. 
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Batholiths are huge masses of intrusive rock, of irregular shape and great extent; L, B, and D 
are all great. Granite masses, square miles in area and sometimes cubic miles in volume, are 
illustrations. They are specially abundant in pre-Cambrian strata. 


8. FORMS ASSUMED BY SEDIMENTARY AND 
METAMORPHIC ROCKS 

The distinguishing feature of sedimentary rocks is their arrangement in parallel layers, 
during formation. Variations in deposition of sediment from high and low tides, storms 
and calms, floods and droughts, produce contrasts in coarseness and fineness. At the 
outset they are flat, except for the slight inclination of the sea bottom, and irregularities 
due to delta formation and swift currents. The inclined position often seen in exposures 
today is due to subsequent disturbances. 

Stratification. The smallest division of a sedimentary rock is a layer or lamina. It 
may be a fraction of an inch thick and marks one period of especially abundant deposit. 
Layers go together to form beds, the natural units of sedimentary rocks. Bedding planes 
are recognizable and thick- and thin-bedded sedimentaries are distinguished. Beds 
combine to constitute a stratum, or tabular mass of one kind of sedimentary rock between 
others which aie different. A stratum may range from 1 to 1 000 ft thick. Thin strata 
are called seams, as of coal. Limestones, shales, and sandstones afford thick strata. 
In geological mapping, a thick and peisistent stratum is often called a formation. 

Sedimentary rocks present all the features of the bottom, or of the strand between high and low 
water as ripple marks, tracks, stranded shells, rill-marks, mud-cracks, flow and plunge from swift 
currents, irregular beddings, and cross-bedding m individual layers, as in deltas Since the greatest 
thickness of sediments gathers along subsiding shore lines, with attendant advances of sea over 
land, there are found in normal succession conglomerates, which represent old shore shingle, fol- 
lowed by sandstones, representing off-shore shallows, next shales, corresponding to deeper, quieter 
water, lastly, as representing still deeper water, free of mechanical sediments, are limestones, 
consisting largely ot organic remains This normal succession is not always found, since estuaries 
and rivers destroy uniformity, but it is not infrequent There are also desert accumulations, 
wherein wind-blown particles are important, and are associated with beds from temporary streams^ 
lakes, and floods. Land accumulations are characteristically red, from oxidation of iron. 


9. ROCK DISTURBANCES 

World-wide observation has shown that the rocky outer portion of the earth has been 
subject to many disturbances. Great masses may ribc or sink without changing the local 
attitude of the rocks. These contmental movements are of scientific interest, but seldom 
of importance to the engineer. Localized movemontb, due to elev'ation of a long and rela- 
tively nairow belt m a mountain chain, and disturbances incident to intrusive entrance of 
bodies of Igneous rock, are more iiiipoitaiit. The results of these movements are termed 
l OLDS and fai lts. 

Folds are bendings in strata, whereby each layer assumes a curved form, approximat- 
ing a portion of a cylinder. AN heii classified in order from least to greatest, folds embrace 
MONOCLINES, ANTICLINES, aiid synclines of Several types, also 
DOMES AND BASINS. 

Monoclines (Fig 1) are tcrrace-like bendings of strata, 
with inclination varying in amount, but always in same direc- 
tion, as the name implies. A roll at top of the terrace marks a 
belt of especial strain in the strata affected, and may bo accom- 
panied by numerous ciacks. At foot of the terrace is a second 
roll m reversed dnection, with attendant strains and cracks. 

In the upper loll, overlying beds aio subject to tension, under- 
lying to compression : in the lower roll, the upper beds are compressed, the low’er tense. 
Between these areas is necessarily a surface of no strain. 

Monoclines wliieh involve porous beds, such as open-textured sandstones betw'een tight shales, 
are sometimes important places for accumulation and storage of natural gas and petroleum. The 
search for these is essentially an endeavor to locate, with the drill, favorable monoclines or gentle 
anticlines Monoclines have been described as arrested anticlines In a series of sediments com- 
prising shales or other soft strata, monoclines or even more violent folds in stiffer strata may at 
depth disappear entirely in the adjustment of soft underlying shales, the plastic movement of which 
takes up and distributes the fold until it is diffused and lost The name monocline (or monoclinal 
structure) is sometimes applied to a remaining half of an eroded anticline or syncline, the other half 
of which is not apparent; inclination of the beds is all in one direction. 



Fig 1 Monocline, in a 
Succession of Beds 
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Anticline and syncline (Fig 2) are complementary terms; one rarely appears without 
the other. An anticline is an arch-like bend, a syncline a corresponding trough. The 
upper part of an anticline is called the crest; its sloping sides, limbs or legs; the central 
portion, running parallel with the axis of the concentric partial cylinders, the surfaces of 
which are represented by each folded bed, is the axis. The bottom of a syncline is the 
trough. Beneath anticlinial crest and synclinal trough the beds are especially strained 
and cracked; the cracks tending to gape upward in the anticline and downward in the 
syncline. The limbs of each type of fold are less strained than crest or trough. Thus, 


good building stone will be found on the limbs 
rather than at crest or in trough. On the 
contrary, veins and mineral deposits from 
circulating waters find natural resting places 
in crest and trough. 




Fig 2 Anticline and Syncline, Fig 3 Pitching* Anticline, Showing Concen- 

with Horizontal Axis tncally Curving Outcrops of Eroded Beds 


Anticlines and synclines, when followed for a mile or more, seldom have horizontal axes as 
shown in Fig 2 The axes usually pitch downward (Fig 3), though they may afterward rise again. 
In Fig 2, the component beds, if eroded, would appear at surface in parallel bands When pitching 
folds are eroded, the several beds appear at surface as concentric curves (Fig 3) In anticlines the 
upper or later beds are outside, the under or older, inside; in synolines the under or older beds are 
outside, the upper or later, inside Because of these relations, geologic structure may sometimes 
be inferred from a colored geologic map 

Anticlines received their name because the observer was assumed to stand at the crest, from which 
the beds inclined outwardly in opposite directions, hence the prefix “anti," for “opposed " Stand- 
ing in the trough of the syncline the observer sees the inclined beds sloping toward him, hence the 
prefix “syn," for “together " Anticlines and synchnes of which the inclination is the same on both 
sides of axis (see diagrams) are called rymme'cric al Symrnctrieal folds may 
vary from those of comparatively slight disturbance to liglitly compressed folds. 
In the former, where the limbs of a bed are separated by other beds, the fold is 
called open; but where from extreme compression the limbs of a single bed are 
brought tightly together, the fold is clored Fig 2 shows open syinmetneal folds; 
Fig 4 closed symmetrical folds A limiting case of the anticline, speaking mathe- 
matically, 18 the DOME, m which the beds pitch radially in all directions from a 
central point. The variable direction of the inclination has suggested the name 
quaquaversal. A dome is an anticline of w'hich the axis is reduced to a point 
Domes are chiefly developed above laccoliths, seldom lu other relations. A 
Fig 4 Closed basin is a syncline the axis of which is a point, toward which the strata con- 
Fold verge. Basins in this strict sense are rare, and result from local removal of sup- 

port and collapse of strata The term is also used in the geology of coal for a 
synclinal arrangement of strata, wherein a rising pitch of the axis in opposite dn eel ions brings the 
measures to the surface. The seams thus form concontiic canoe-shaped or spoon-bowl synolines. 



TJnsymmetrical folds. Strains which caused a fold may have pushed one limb under 
or over the other, thus producing unaynimotrical inclinations. From relatively slight 
differences, the overturn may increase^uiitil the overturned portion 
rests on an underlying portion. Such folds may even be S-shnped 
(sigmoid) or RECUMBENT. On a small scale, these often occur 
in metamorphic districts; on a large scale they occur mainly m 
regions of violent disturbance. 

Type names may be used, such as the Jura type for syinmetneal 
folds; Appalachian type for those steeper on one side than the other 
(Fig 6 ). Closed folds are those of which the limbs are squeezed so 
tightly at one spot as to cause a great bulge of an uppcT or under core of 
rock. When the surrounding strata inchne away radially from the Pig 5 . Overturned 
compressed area, like ribs of a fan, the fold is called a fan-fold Fold of Appalachian 

Folds vary in size from small wrinkles and puckers, as m schists, to Typo 

arcs having chords of yards, miles, or hundreds of miles. Folds are 

sometimes designated as of the first, second, third, or higher orders. A mountain range, consisting 
of an anticline or a syncline, is respectively called an anticlinorium or bynclinorium, the Greek 
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word for mountain being added to type of fold. When great flat folds occupy an appreciable part 
of earth’s surface, they are called respectively geanticlines and gbosynclines, prefixing Greek 
word for earth to name of fold. Folds are of great importance in engineering work, not only in 
mining bedded minerals like coal, salt, and some iron ores, or in the discovery of petroleum and gas, 
but also in connection with railway tunnels, aqueducts, and other engineering work. 

Dip and strike. Dip ia the angle of inclination of a vein or bed below horizontal. 
Strike (course or bearing) is the direction of line of intersection of an inclined vein or 
bed with a horizontal plane. 

The dip angle is the angle between two perpendiculars, one in the inclined plane, the other in 
the horizontal, let fall from a common point on their line of intersection (the strike) The strike 
18 stated in degrees and minutes, E or W of N or S, for example N 26° 30' E. Since plane of dip is 
at right angles to hne of strike, it is recorded in degrees E or W of strike: thus, a strike of N 26° E 
and dip of 60° N W signifies that the plane in which dip is measured runs 66° west of north Some 
observers note exact direction and amount of dip, leaving strike to be inferred Thus, a record of 
a sandstone bed dipping 50° in a direction N 65° W, implies a strike of N 26° E First mode of 
statement is customary in America A geologist’s compass has one flat side, and usually a pen- 
dulum, swinging around a graduated semi-circle, so as to give direct dip reading. In plotting, each 
observation of strike may be corrected for variation of needle, or, in more elaborate compasses, the 
graduated circle may be turned to read directly observations referred to true north. 


10. FAULTS 


A fault is a dislocation in otherwise continuous strata or masses. It results when 
rocks are so excessively strained that they yield along a crack or senes of cracks, one side 
altering its position with respect to other. One side may rise, sink, move laterally, or 
(as resultant of all 3 movements) diagonally, with respect to other side. In nearly all 
cases the fault plane or planes are inclined to horizontal, the upper and under sides being 
designated by the miner’s terms, hanging wall and foot wall. Limiting cases are 


vertical and horizontal faults. 

Classification of faults (11, 12). The commonest 
faults (Fig 6, 7 and 8). In normal fauia' (“normal” 
mon”) the hanging w^all has slipped down with reference 
to foot wall. The movement is rarely directly down 
line of dip of fault plane, but usually on a diagonal. 
The position of any point in dislocated portion is 
referred to the 3 axes of solid geometry, the vertical 


are* normal, reverse and shift 
here moaning “usual” or “com- 




Fig 0 Nornuil Fault, 
Displacing Flat Goal- 
eearu (’ross-sootion 


Fig 7 Hevoise Fault, 
Bogun as an (>\oi- 
tiii nod Fold Croea- 
eection 



Fig 8 Shift Fault in Vein Dip- 
ping 50° Same EfTcct would be 
Produced by Normal Fault, wath 
Diagonal DiapFicement Involv- 
ing Shift Component \way from 
Observer, or by a Large 1 brow. 
Straight Down the Dip 


component is the throw; horizontal component perpendicular to the strike of the fault 
plane is the heave, and horizontal component in fault piano is the shift. These mathe- 
matical factors as.Mst in determining direction and amount of movement, the line of which 
is the diagonal of tlie rectangular prism the edges of which arc the heave, throw’, and shift. 

Fault-breccia. Movement of fault Avails, or of one wall on the other, often crushes 
adjacent rock to a mass of angular fragments, mixed wath more finely comminuted material. 
Chreulating waters may eerneiit the wdiole into a solid mass, by depositing new' minerals, 
sometimes producing valuable ore. This mass is a fault-breccia. Fragments of any 
bed, dike, or vein, iiiA'oh'od in the fault movement, aatU be diagged along from .stationary 
side in direction of movement; or Avill be left liohiiul by inoAing side; and if follow'ed along 
fault plane, aviU indicate direction of moA’ement. Such fragments fuinish valuable CA'i- 
dence and by F. T. Freeland have been aptly termed the trail of the fault. Should 
a vein bo cut off by a fault, Avith attendant breccia, fragments of the vein should bo sought 
in the breccia and the trail folloAved to pick up continuation of A ein. 

Drag. Faults often cut relatively soft beds, as shales or shaly sandstones. Friction 
of the w'alls upon each other causes a doAvnward bend in the beds of stationary or lifted 
side and an upward bond in tho.se of the moving or dropped side. These bends, called 
DRAG, shoAV the direction of movement (Fig 6). Drag is not found in strong rocks, like 
granites or heavily-bedded limestones. 
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Slickensides are polished and usually grooved surfaces, often caused by movement of 
walls of a fault or vein. Upon the wall-rock the grooves indicate direction of movement, 
but do not necessarily show which side has gone up, or down, or laterally. 

Some observers have thought that by scraping finger nail or finger across the grooves, one side 
of them will be found steeper than the other. If the grooves are tested in slickensides on underside 
of plane of movement, such steep ridge is considered to be the lower side of groove, or the side which 
resisted bearing down of hanging wall while moving diagonally downward in fault plane It will 
thus indicate the actual direction of movement. Should the steep ridge be on upper side of grooves, 
an upward movement of hanging wall is indicated. Others have thought that when the finger is 
moved along the groove the greater roughness is felt in the direction of movement of the part felt. 
Slickensides on fragments in fault-breccia are of little significance, since they are not xn situ. 

Horses are large disconnected masses of wall rock, involved in faults, or produced 
by forking of a fault fissure around a split-off fragment, and especially when related to 
subsequent vein-formation along fault. 

Shear-zones. When a fault movement is distributed along a number of parallel 
planes not widely spaced, the wall rocks are broken into parallel tabular masses, and are 
said to be sheeted. The resulting fault is “ distributed,” and the sheeted strip is a 
SHEAR-ZONE. Gouge is a sheet of clay, often occurring along the outer edge of fault 
breccias, especially those subsequently mineralized by circulating waters. Other names 
are: selvage and flu can. 

Fault-scarp. If a fault involves an appreciable vertical component, the relatively 
lifted side may stand out as a terrace or escarpment, the fault-scarp. Eiosion soon wears 
it down, so that fresh fault-scarps are rarely recognizable. Faults have sometimes aided 
the deposition of ore bodies by furnishing waterways. When they are developed acioss 
an older mineral deposit, serious displacement may be caused. 

Rules for solving faults have been formulated by Schmidt (13), Zimmermann (15), 
Freeland (9) and others. In studying a fault, observe trail, drag and slickensides. Strati- 
graphical succession, if known, will reveal amount of displacement. Bore-holes are useful. 
Models assist, and are sometimes superior to projections on paper. If there be no evidence 
to contrary, the assumption that fault is normal is justified, because most faults are such. 
Nevertheless, experience shows that a reverse fault occasionally appears m a series of 
normal faults, that shift faults may occur, and that fault movement may bo rotational 
(normal at one extreme of fault plane, reverse at other). On encountering a fault, a 
mathematical solution is attractive, but, de.spite many text-book discu.ssions, the necessary 
data are seldom obtainable. Attention should be concentiated on the fault plane and the 
movement along it (14). The dislocated portion of a tabular V)ody is to l)e sought, pre- 
senting a broad suiface, if rightly attacked. As a rule, it is easier to drift horizontally, 
than to sink or raise; the procedure is largely determined by the w'ay the vein or bed lies. 

Assume a series of stratified rocks, the succes.sion and thickness of which are known by 
previous mining operations, by study of the surface, or by borings. If a bed on far side 
of fault is recognizable, and its place in the series known, the direction and amount of 
movement may be determined. As gulches often occur on faults, because of easy erosion 
of crushed rock, faults may sometimes Ix) solved more readily by study of surface exposures 
than by observation .solely underground. Directions of slickensides, diag, and trail, 
commonly found in faulted stratified rocks, are highly significant. If none of these e\i- 
dences is decisive in dealing with a mineral deposit cut by a fault, there is strong probability 
that the fault is normal. On this assumption, if a fault lie encountered on its under side 
the rule is to cross it and sink; if on its upper side, to cross it and raise. This is expressed 
in the old rule: ” follow the obtuse angle.” But, if the fault happens to be reverse, the 
rule would lead in wrong direction. 

In dealing with steeply dipping veins in massive rocks, or steeply dipping stratified 
rocks containing coal seams or other interstratified deposits, the succession of strata 
must be known to determine the movement. Then, solving tentatively as a normal fault, 
due weight must be given to throw and shift, as possible components of diagonal move- 
ment. That is, besides the heave and throw of a normal fault, a large shift-component 
might cause displacement opposite to that anticipated, instead of straight down the dip. 
The occurrence of slickensides, trail, and drag may then bo essential to correct solution. 

Zimmermann’s rule (15), for steep faults, cutting steeply dipping veins. Suppose (Fig 0), 
in driving a level on vein so, striking N 30® W and dipping 60® W, a fault //is met, striking N 80® E 
and dipping 45® S. At intersection o, draw ob perpendicular to strike of fault, and prolong it toward 
f, beyond the fault. Project upon plane of level the intersection og of fault and vein. Lino og is 
horizontal, and passes obliquely through o, into unexplored ground, toward h, on ono side or other 
of ol. Then, if exploratory drift on far side of fault be turned from oh toward ol, and parallel to 
strike of fault, the displaced segment xy of vein will in most cases be found 

The horizontal projection og is found as in small diagram of Fig 9. Draw horizontal line mn, 
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lay off ma and mb to represent dips of vein and fault; draw mo perpendicular and ob parallel to mn. 
Then oa and ob are the distances by which, in descending a vertical distance mo, the planes of vein 
and fault depart horizontally from vertical In mam part of Fig 9, oa and ob are drawn respectively 
perpendicular to strikes of vein and fault; and ac and de, passing through g, are parallel to those 
strikes. Whence g lies in the horizontal projection of intersection of vein and fault. 

In Fig 10 IS shown a similar relation of vein and fault, except that the vein lies east and explora- 
tory drift should turn east, as shown Both solutions depend on assumption that the hanging wall 
of fault (i e, its south wall) has slipped with little shift down on its foot wall With strongly diagonal 
movement the fault might still be normal, but the solution might lead miner in wrong direction. 
Therefore check all rules by trail, drag, slickensides, etc. 



Fig 9 Zimmerniann's Solution of a Fault 
(Projection on iloiizontul Plane) 



Fig 10 Zimraerrnann’s Solution of a Fault. 
C'onstruotKUi .is in Fig 9, but Vein Dips 
it’asf, whence Exploratory Drift Turns 
l.,a8t 


The following additional terms apply to faults. In tilted, stiatified rocks, faults 
striking iiarallel with the strata are strike-faults, often resiiltmK ixhen folds pass into 
faults. Faults luiining acioss strike and parallel ^v^th line of dip are dip-faults. Step- 
I’Ai LTS are senes of parallel faults, dipping m same direction The hade is the angle 
made by a fault plane with a vertical plane, hence, hade i'^ the complement of dip, and is a 
suporniious teim. 


VnnouB puzzling cases of faulting have become el.assic Fig 11 shows a Cornmh case, from de la 
Bccho, Fig 12, a case of two contrasted pegmatites in Sweden. ob8er\ed by A (I Hogboru Two 
paralhl veins may be so faulted as to bring dislocated p.irt of one opposite sundered end of another, 
and temporarily cmicoal the existence of a fault In a certain shift fault, cutting a vein at right 
angles to vein’s strike, the amount of shift was ob- 
served to grow gradually less in depth, leading to 
inference of a hinok-f vult, or possibly a uorxTiosxi, 

FAT LT 

Normal faults are often explained ns due to ten- 
sion strains in earth's crust, leading to drawing apart 
of the two sides of fault, ami the slipping tlown of 
upper portion on lower, hence, they ha\e been called 
tension or gravity faults Hevirse faults, by contrast, 
are called c()mpressiou (jr iimi ht faults, tlu'y often 
begin as overturned folds If tneso stresses do pro- 
duce their respective faults, then rev'erse laulta 
should customarily hav'e low dips, since, on .approach- 
ing the perpendicular, friction would increase pro- 
hibitively But, if tensional stress were relieved 
by a senes of parallel faults, and one fault bbick 
were to drop below its neighbors, there would be a 
normal fault on one side of (hopped block and a rev’crse fault on the other. 

('lompressive strains along the strike can easily develop normal faults by downward bulge of 
hanging wall and upward bulge of foot Where comparatively short faults die out at eaih end, this 
explanation has weight Again, assuming that in depth rocks are capable of viscous flow and 
transfer, pri'ssure transmitted upwaird from such moving masses mav^ cause faults from stresses 
wholly (Jifferent from any previously mentioned Where faults are inclined, fault blocks wuth the 
larger base would be relatively lifted, as compared with those havung smaller base. Foot-walls 
would therefore rise relatively, causing normal faults (6, 7, 8, 10). 
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Fig 11 Two Veins, 
with (^onveiging 
Dips, Normally 
Faulted 


Fig 12 Two Veins, 
with Converging 
Dips, Dropped Be- 
low their Inter- 
section by a Nor- 
mal Fault 


11. JOINTS, UNCONFORMITIES, OUTCROPS, EROSION 

Joints are rrack.s which cross strata and masses, tvithout producing dislocation of walls. 
Notwithstanding absence of dislocation, there may be difficulty in discriminating between 
joints and distributed faults of slight displacement, which iiroduce sheeted structure. 
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All joints are due to easing of some kind of strain; as contractions in cooling of igneous rock, 
expansion of cold rock under the sun’s heat, shrinkage from drying of water-soaked sediments, 
tensional strains at crests of anticlines or in outer layers in bottoms of synclines, and torsional 
stresses produced over wide areas by warping of earth’s crust. As a result rocks break into poly- 
gonal columns of greater or less regularity. In joints produced by contraction of igneous magmas 
during consolidation, the long axes of the prisms are theoretically perpendicular to cooling surface. 
If the magma be homogeneous and transfer of heat uniform, regular hexagonal columns result, 
parted also across their axes by cup-shaped joints. Occasionally, as at Giant’s Causeway, theoret- 
ical perfection is almost attained; usually, the columns are of all numbers of sides, from 3 to 8. 
Similar forms result from drying. 

Strong heat of sun and weathering cause massive rocks to shell off in thin layers. Angular 
blocks produced by jointing may become rounded boulders. In granite quarries the sheeting 
in great concentric curves, like a huge onion, has probably been caused either by contraction strains 
in cooling, or compression strains in earth’s crust. Cracks which yawn upward at crests of anti- 
clines, and gape downward in troughs of synclines, are common features of folds. In certain dis- 
tricts of flat sedimentary rocks (as m southern central New York), joints in two series, intersecting 
each other at nearly right angles (usually about 80®), run with remarkable regularity; probably 
due to torsional strains from warping. In areas of massive or metamorphic rocks, while a principal 
series can be traced, other joints show no regularity Observed strikes may be plotted over a wide 
area, as lines intersecting at a common center like a clock-face, resulting in detection of prevailing 
strikes. The predominant joint is called a master joint; the others, minor joints. Joints are of 
great practical importance in quarrying and in mining. 

Unconformities. Tilted strata may subsequently be eroded, and buried under later 
sediments, with great discordance of dip; the lower strata being steeply inclined, the upper 
flat (Fig 13) . A great time interval is thus indicated and an important break in the geo- 
logical record. Unconformities are the best bases for division of geological time. 

Practically flat strata may be carved by erosion into gorges 
of narrow valleys; which, if again submerged, may be filled with 
new, flat sediments, showing no discordance of dip with older 
strata, but perhaps bringing sandstones sharply against limestones 
or other strata This relation is a dihconformity (Fig 14). 
Should the sea, because of gradual submergence of shore, creep 
gradually upward and bring younger flat strata on top of much 
older ones, a sedimentary overlap is formed. 

Outcrops are portions of solid rock in place, projecting 
at surface. By observations upon them questions are solved 
regarding structure and stratigraphic relations. Regions 
without outcrops must be explored by trenches, pits, or 
bore-holes; in northern latitudes glacial drift is the chief 
obstacle; in southern, the products of rock weathering or 
decay. Heavy vegetation may increase difficulty. 


Fig 14. Disconformity, Vert Sec Older Sandstones Eroded, 
and Resulting Valley Filled with Conglomerate, with no Discor- 
dance of Dip 

Erosion, the wearing down of land and transfer of loose particles by water, wind, or 
ice, to places of deposition at lower altitudes, is in one sense destructive; in another, 
constructive, for sedimentary rocks are thereby composed. 

Wate? erosion by streams, waves, or currents along shore lines, is the most important. 
Matter carried in suspension facilitates wear of rock masses exposed t-o moving grit. Of 
the same substance, larger particles require swifter currents for their removal than do the 
smaller, the surfaces of which are relatively greater compared to their masses. Small 
particles of high specific gravity may require as great velocity of current as large particles 
of low specific gravity. As velocity decreases, sorting action takes place; the large and 
the heavy small particles sink first, small particles remaining in suspension, though presence 
of solutions of mineral salts or of acids facilitates clearing of fresh water emulsions. The 
transporting ability of a current increases with sixth power of velocity. Thus, if a cur- 
rent can move a 1-in cube of quartz, by doubling its velocity it can move a 4-in cube, or 
64 cu in; because, twice as much water strikes the cube, wdth twice the velocity. 

Competence of a stream refers to the maximum size of particle of given sp gr which, at a given 
velocity, the stream will move. Thus, a small, rapid stream can move a relatively large particle. 
Its competence is great, but total transported material will be small. Conversely, a large, slow- 



son River Ordovician Sand- 
stone, Marking a Time 
Interval of nearly a Geol 
Period Sandstones were 
Deposited Flat, then Tilted, 
Eroded, and Covered by 
Limestones, which were at 
first Flat. Near Rondout, 
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moving stream might carry in suspension a great quantity of small particles. Its competence is 
small, but its capacity is great. These principles are important in the development of placers; they 
also underlie the artificial concentration of ores. 

Waves on a shore line batter cliffs, and with the ammunition provided by boulders do great 
execution during storms. In creeping across a subsiding shore they may ultimately level every 
eminence in their way. Off-shore currents are vehicles of transport, building up bars, spits, etc. 
In association with sedimentation by rivers, such currents wear away points and fill coastal bays. 

Winds are specially effective in desert regionr, the loose surface materials lacking protection 
of vegetation. Small particles as dust are carried by milder winds; while by storms even gravel 
may be swept along. The march of sand dunes is one of the results. 

Glaciers are powerful agents in carrying away loosened pieces from cliffs, and grinding smaller 
particles from rocks on their sides and bottoms. Deposited products of glacial action are called 
MORAINES, with terminal, lateral, and ground moraines as varieties. The material is rarely sorted, 
so that very coarse and very fine are mingled. Unsorted glacial deposits are usually associated 
with others worked over by water. 


12. SUMMARY OF STRATIGRAPHIC GEOLOGY 

Definite periods of time are assignable for the formation of strata of earth’s crust, and 
each period is characterized by presence of remains of distinctive organisms. During the 
19th century, geologists succeeded in classifying according to geological age nearly all 
strata of earth’s surface, however remote the region, provided properly preserved organic 
remains or fossils were present. Strata without fossils, or so metamorphosed as to destroy 
their fossils, were either classified by their relations to determined strata, or else proved 
insoluble problems. Recognizing the importance of uniformity of usage in time divisions 
and their corresponding strata, the International Geological Congress, Paris, 1900, adopted 


the following: 

Time 

Strata 

Time 

Strata 

1 Era 

No equivalent 

4. Age 

Stage 

2 Period 

System 

5. Phase 

Zone 

3. Epoch 

Senes 




This table signifies that, during a period, strata constituting a system were formed; 
during the shorter epoch, a series, and so on. A system may embrace several series, each 
of which has stages, in turn divisible into zones. In the geological mapping of a district 
it is customary to work primarily on basis of periods-systems, and then under each to 
apply a local, geographical name to any stratum sufficiently persistent and well defined 
to be recognizable over an extensive area. The following table summarizes the generally 
accepted conclusions. For periods the older names are given, but it is now common to 
terminate periodic names in “ ic thus, Carbonic for Carboniferous, etc. 


Eras 

Periods 

Eras 

Periods 

Quaternary | I 

or [ \ 

1 Recent 
Pleistocene, or 


Penman 

Carboniferous 

Psychozoic ) 1 

Tertiary | 

or r ' 

1 Glacial 

r Pliocene 

1 Miocene 

1 Oligocene 
^ Eocene 

Paleozoic • 

Devonian 
Silurian 
Ordovician 
■ Cambrian 

Cenozoic ) 



j 

Mesozoic 1 

Cretaceous 

1 Comanchean 

1 r 

Pre-Cambrian 1 
or 1 

Archean ] 

1 

1 Keweenawan 

1 Huronian 

1 Laurentian 


Jurassic 
[ Triassic 


[Keewatm 


Pre*Cambriaii. Igneous rocks and metamorphic sediments predominate; including gneisses, 
schists, quartzites, slates, and marbles, with associated deep-seated and volcanic igneous rocks. 
In North America the most extensive exposures are in Canada, constituting a vast \ -shaped area, 
with Hudson’s Bay in the opening and the point at the Great Lakes Underlying the entire con- 
tinent, they also appear in backbones of the Appalachian and Rocky Mountains, and occasionally 
project elsewhere in small patches. Though almost devoid of fossil remains, sponges, alga;, and 
trails of moving organisms have in recent years been discovered in the Huronian, in Lake Superior 
region and Montana Pre-Cambrian strata are very productive of metals, especially iron Kbb- 
WATiN greenstones contain the gold veins at Porcupine, some of the Cobalt silver veins, and iron ore 
of Vermilion Range, Minn. Laxjrbntian consists of intrusive igneous rocks, poor in ore deposits. 
Hitronian embraces a great series of metamorphosed sediments, with some igneous rocks, and 
yields the chief American iron ores in the Lake region. It has also most of the silver veins at 
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Cobalt, Ont. Keweekawan is largely a succession of basaltic rocks and minor sediments; it 
contains the copper mines of Keweenaw Point, Mich. 

Paleozoic. Around the edges of pre-Cambrian areas are the earliest Paleozoic strata (unless 
from overlap later ones have crept inward over the earlier) . The successive strata of the 6 periods 
fire often marked off by unconformities, upturned by disturbances, and are sometimes missing in 
individual cases, where land conditions prevailed In North America they are in greatest develop- 
ment in the U S, east of the Mississippi, and in states just west of it. In the Cordilleran region the 
areas are smaller and scattered. The Clinton iron ores appear in the east in the Silurian; the 
eastern coal supply comes from the Carboniferous; the eastern oil and gas are mainly in the 
Ordovician, Devonian, and Carboniferous 

Mesozoic strata are chief components of western half of North America; are of vast develop- 
ment in the Great Plains, the Cordillera, and Mexico. The western coals are chiefly in Cretaceols 
strata, but appear also in Eocene beds of next era. The mountain upheavals at close of Creta- 
ceous, with attendant igneous outbreaks, are largely reponsible for the western ore deposits 

Cenozoic strata appear in the east in a coastal fringe. In the west they are represented by 
old land or lake deposits in the Great Plains, and marine strata along the Pacific. Because of the 
great development of mammals, the fossil remains are of great interest, especially in their bearings 
on doctrine of evolution. 

Quaternary (sometimes called Psychozoic) is the era of man’s especial development. It is marked 
by the continental ice sheet in its early portion in the north; in the south, by products of weathering 
and recent sediments. The strata of the closing Glacial or Pleistocene (Pleistocene is term 
especially used for regions south of glacial drift) pass gradually into coastal deposits now forming. 

Note. — For full discussion of eras and periods, see Bibhog, numbers 17 to 22. 


MINERAL DEPOSITS; ORES 

13. INTRODUCTION, DEFINITIONS OF ORE 

Mineral deposits include both ores and non-metallic minerals. In earlier years the 
metals were chiefly mined, but in recent time non-metallic minerals have greatly increased 
in relative importance. Metalliferous minerals only are included under the head of “ore 
deposits,” non-metallics being treated separately. 

Scientifically, the word “ore” comprehends all metal-bearing minerals which are com- 
mercial sources of the metals, percentages not being considered. Technically, an ore is a 
metal-bearing mineral, or aggregate of such minerals, mixed with barren matter, called 
“ gangue,” and capable of being mined at a profit. By contrast, where the element of 
profit is uncertain or impossible, the term “ mineral deposit ” may be used instead of “ ore 
deposit.” Thus, pay ore or commercial ore is contrasted with an orebody of uncertain 
yield. The richer part of an ore deposit is the “pay-streak” or “ore-shoot;” very rich 
parts, “bonanzas.” The phrase “the ores” is sometimes employed by students of the 
microscopic characters of igneous rocks, to designate the group of minute minerals which 
first crystallize in the cooling of a molten magma. Magnetite is its most conspicuous 
member (25). 


14, METALS IN THE EARTH’S CRUST 

Ore deposits are portions of earth’s crust enormously enriched with metals as compared 
with the rest. On basis of composition of the crust given in Sec 1, Art 1 (fuller details in 
Bull 491, U S Geol Surv, pp 27, 33), it is seen that among percentages down to a minimum 
of 0.03, a few common metals are named, viz: aluminum, 7.28; iron, 4.12; manganese, 
0.08. In igneous rocks, considered alone, nickel, 0.023, and chromium, 0.033, are also 
found. Copper may reach 0.01%, but all others, lead, zinc, silver, gold, quicksilver, tin, 
etc, are expressed in very small decimals of 1%. An ore deposit, therefore, is a relatively 
enormous local concentration of metals, from a minimum of 4 times for low-grade aluminum 
ores, 7 times for low-grade iron ores, and 200 times for low-grade copper ores, to a concen- 
tration which, for the other metals, may reach thousands or hundreds of thousands. Ore 
deposits are largely produced by concentration by circulating waters in earth’s crust. 

16. CAVITIES IN ROCKS; GROUND-WATERS 

Cavities in rocks. From the point of view of physics, the smallest cavities are those 
below capillaries, i e, below tubes 0.0002 mm diam, or tabular spaces 0.0001 mm across. 
In these, under ordinary conditions, adhesion prevents circulation. Capillaries range 
itoiA the above dimensions to 0.5 mm for tubes and 0.25 mm for tabular spaces. In rocks 
these smcdl cavities, called voids, appear as surviving and unfilled pores of crystals, contact 
spaces bliveen minerals or grains, and cleavage cracks. They are expressed in tenths of 
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1% of the volume in dense rocks, up to 10% or more in porous sandstones. Cavities of 
larger size are found in pumice, amygdaloids, jointed rocks, faults, and caves. 

Ground-waters, or waters which are below the earth’s surface, are of 3 kinds: meteoric, 
connate, and magmatic. Meteoric water descends as rain and snow, in part soaking 
into the ground, and forming the standing body of water which requires pumping in mines, 
etc. Connate water is contained in sediments deposited beneath sea or lakes, having 
been carried down with the sediments as they were buried beneath later sti ata. Magmatic 
water is set free in the cooling and consolidation of molten masses of igneous rock, becom- 
ing manifest at volcanic vents and presumably in hot springs, which nearly always accom- 
pany expiring vulcanism. 

Formerly, in discussing the formation of orebodies by underground circulation, only meteoric 
waters were considered. They were believed to descend to the general limit of cavities, to migrate 
extensively through small cavities in rocks, and, when heated from below and charged with ore 
and gangue, to return by larger channels towards the surface, forming veins and other orebodies. 
Connate waters were recognized in brines, often pumped to surface for salt. But, as experience in 
deep mines proved that meteoric water is almost always limited to the upper zone of about 1 000 ft, 
geologists have attributed more and more importance to magmatic waters to which the primary 
introduction of ore and gangue can be referred with fewer difficulties. This view is strengthened 
by the common association of ore deposits with intrusive igneous rocks, by study of contact zones 
and pegmatites, and by observations upon volcanic emissions Apparently, magmatic waters or 
vapors or gases emerge from the igneous mass charged with the components of ores and gangue; 
but in subsequent circulation, they make take up more minerals, and bring all to a place of precipi- 
tation The heat of an intrusive, igneous mass is a powerful agent in promoting underground 
circulations It is more efficient than the normal increase of temperature w’lth depth, or than 
natural head from high points of entrance and low points of emergence, the friction of small passages 
being considered (29). 


16. MINERALS AND LOCALIZATION OF ORE DEPOSITS 

Ore minerals are primary and secondary. The primary are those originally deposited 
in forming an oiebody, the secondary are produced by alteration of primary minerals 
under certain condition.s. Except aluminum, iron, manganese, chromium, platinum and 
tin, all primary ore minerals are .sulphides, aisenides, sulphar.senides, siilphantimonides, 
or similar compounds. vSulphidcs are of chief impoitance. Though secondary minerals 
are largely oxidized compounds, they also comprise a few ver>' important sulphides. 

The importance of the distinction hea in the following relations to the surface Ground-w'aters 
stand at varying depths, depending on local rainfall, rock texture and local geological structure. 
Between ground-water level and the surface, is a zone called by Posepny the vadose zone, by Van 
Ilise the zone of weathering, through which the oxidizing and chasolving ram waters freely descend. 
Within this vertical range, sulphides become oxidized to sulphates, and pass extensively into solu- 
tion Migrating downward, the solutions merge into the standing and protecting ground-waters, 
and often precipitate their dissolved metals m a zone of secondary enrichment, at or near ground- 
water level The reaction is especially important in copper mines. 

Gangue minerals comprise quartz, calcito, fluorite, barite, rhodochrosite, rhodonite, 
and admixed minerals of the country rock. Decomposition or alteration under influence 
of thermal waters gives rise to much sericite, kaolinite, and related species. 

Localization of ore deposits. Ore deposits resulting from processes outlined above are developed 
where circulating mmeral-bcanng solutions find favorable places to precipitate their contents. 
One method of classification is to arrange in a logical scheme the favorable geological places for this 
reaction. For the formation of some kinds of ore deposit, however, circulating solutions arc not 
required. Ores may cr>Btallize directly from molten magmas, and, either by sinking in the fluid 
mass because of higher specific gravity, or for some reason not well understood, may enrich the 
rock ma.s8 to the requirements of mining Again, and in contnvst with the reactions above indicated, 
moving waters in streams, or by wave action, may liberate and concentrate heavy minerals in 
sedimentary depicts, to the point of profitable mining Again, in residual deposits, heavy and 
resistant minerals may be left behind in a concentrated condition by removal of products of 
weathering. In a few cases, chiefly iron ores, the processes of sedimentation, or associated precipi- 
tation, have given rise to bedded ore deposits. Experience show's, therefore, that it is difficult 
consistently to classify orebodies on any one of these subordinate principles But, as compared 
with old-time schemes, based on shape, the broad principle of mode of origin has become increas- 
ingly important. In the following classification, the endeavor has been to pass from igneous 
phenomena, pure and simple, to surface reactions not connected w'ith igneous phenomena, empha- 
sizing especially the place where orebodies originate 

Zonal distribution. Closer study of mining regions in the Cordilleran region of North America 
leads to following conclusions, (a) Ore deposition follows intrusions of igneous rocks, most fre- 
quently those related to granites or species intermediate between granites and diorites (as, grano- 
diorites and guarts-monsonites). The ores are products of the cooling stages, precipitated in largest 
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part from magmatic waters (30). (&) Ore and gangue minerals are distributed outwardly from the 

igneous center, in a series beginning with those requiring high temperatures and high pressures 
for their formation, and passing through varieties precipitated under dimimshing temp and press 
until surface conditions are reached (31). Some persistent minerals, as pyrite, have a wide range 
of conditions, (c) It results that around an igneous source, both vertically and laterally, when the 
original magma produced several metals, zones characteristically containing certain ores may be 
recognized. In the igneous intrusive may be magmatic segregations (Art 17). Next come pegmatio 
dikes and contact zones; then, gold-bearing quartz veins related to pegmatites, dike- veins; then 
copper-bearing pyrite-quartz veins, passing into zinc-blende bearing phases in which zinc replaces 
copper, while pyrite persists. Farther out, galena replaces zinc-blende, and yields in succession 
to high-grade silver ores, gold telluridos, antimony ores, and others Finally, gangue minerals 
alone survive (32) This principle is called the zonal distribution of metals, and in many districts 
has proved of great value as a guide to mine development. 


17. CLASSIFICATION OF ORE DEPOSITS (37) 

I. Primary magmatic origin. 

(a) Masses produced by crystallization and segregation in cooling and solidifying igneous 
magmas: titaniferous and non-titaniferous magnetites, chromite, corundum, platinum, and prob- 
ably sulphides of iron, nickel, and copper. A few dikes and sheets of igneous magnetite are known. 

II. Deposited by emissions from cooling and solidifying magmas. 

(b) Veins of nature of pegmatites, varying from the mineralogy of granite to fairly pure quartz; 
often with tourmaline, fluorite and minerals containing boron or fluorine, productive of tin, rare 
elements, and exceptionally gold, and intermediate in nature between dikes and veins, sometimes 
described as aqueo-igneous (c) Contact deposits, produced from limestones by emissions from 
adjoining igneous magma, and consisting of lime-silicates, as garnet, diopside, wollastomte, vesuvi- 
anite, epidote; also, magnetite, specular hematite, sulphides of iron, copper, and other metals. 

III. Deposited by circulating ground-waters. 

(d) Deposits in or along faults, with replacement and impregnation of the walls; often called 
“true fissure" veins They vary from the filling of an open and clean-cut fissure, to impregnation 
and replacement of closely spaced faults of small individual displacement (c) Saddle-reefs: 
precipitations of quartz or other minerals, at crest and between layers of an anticline, and extending 
with diminishing thickness for varying but usually moderate distances down its flanks Inverted 
saddles appear in syncUnee Apparently arching of the strata has aided precipitation (/) Deposits 
in joints with greater or less replacement and impregnation of the walls; often called “gash veins," 
because hmited to a single stratum or sheet (?) Impregnations of volcanic agglomerates in the 
conduits of extinct explosive volcanoes (h) Impregnations with greater or less replacement of 
permeable rocks, as. amygdaloids, volcanic tuffs and breccias, open-textured sandstones and 
conglomerates, autoclastics, etc Supply conduit may be obscure, (i) Replacements of lime- 
stones, calcareous shales or other beds, which have yielded to circulating ground-waters. Supply 
conduit may be obscure 

IV. Deposited or concentrated by aid of surface waters. 

(;) Surface precipitations, which may later be involved in stratified series Bog iron ores. 
(k) Resistant or insoluble minerals, concentrated as a residuum by weathering and removal of the 
matrix. Residual deposits; Cuban brown hematites. (1) Placers or concentrations of heavy 
minerals in sands and gravels by action of moving water Gold placers; stream tin. 


18. IRON ORES 

Four minerals are chiefly productive of iron; limonite (brown hematite, brown ore) 
2 Fe208 *31120, Fe 59.8%; sidente (carbonate, spathic ore) FeCO*, Fe 48.3% ; hematite 
(red and specular) Fe208, Fe 70.0%; magnetite (magnetic ore) Fe 0 *Fe 203 , Fe 72.4%. 

Associated with limonite, but less common, are other ferric hydrates, as; turgite (2 Fe 203 *H 20 ); 
goethite (Fe208*H20). Hydrated sihcates may also occur, as: chamoisite (hydrated ferrous 
aluminum silicate) ; thuringite (hydrated ferrous or ferric aluminum silicate) ; greenalite (hydrated 
ferrous silicate). Sidente may have its iron partly replaced by magnesium and calcium. With 
brown hematites, manganese minerals are not uncommon. Pyrite (FeS 2 ) may appear with all the 
ores, and, when largely freed of its sulphur, may yield a residue possible of utilization for poor 
grades of iron. Pyrrhotite (FeySs) is frequent with magnetites, llmenite (FeO-Ti02) is mechani- 
cally mingled with many magnetites. Objectionable ingredients of iron ores are S and P; definite 
limits of these for merchantable grades of ore are variable, due to possible admixtures in furnace 
practice; in general, the less the better. In ores for acid bessemer pig, permissible phosphorus max 
is 0.001 part of the percentage of iron. Roughly, therefore, about 0.06% is max with richest ores. 

Magnetites and specular hematites are the richest iron ores. In America lump magnetite ores 
have in the past exceeded 65% iron, but today practically only magnetically concentrated ore 
reaches this figure. Kiruna, Swedish Lapland, however, can furnish a great tonnage of this grade. 
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even to American furnaces. Average of all iron ore mined in the U S in 1926 was not far from 60% 
iron. The grade will doubtless gradually decline. Alabama Clinton red hematites run 36 to 37%. 
Some crude ore la even lower. The principal local supply of continental Europe, from the minette 
ores, averages about 30%. The nearness of good fuels, markets, mixtures, etc, determine limiting 
percentages 

In the U S about four- fifths of the ore comes from Lake Superior region Next in order are the 
red hematites of Alabama and Tennessee, the brown hematites and the magnetites of Appalachian 
belt. Individual mines in Wyoming, Colorado, and New Mexico have fed the iron and steel plant 
at Pueblo, Colo. Magnetites will be produced in time on the Pacific coast for a future industry to 
be located piesumably in the Puget Sound region. 

Lake Superior iron districts. In order of productiveness in the Lake Superior region 
are Minnesota, Michigan, and Wisconsin. Ontario has one productive range, and possi- 
bility of developing others. The ores of this region are all m pre-Cambrian strata : 

Kewecnawan sandstones, basalt flows. Copper Huronian. Upper, Middle and Lower: 
sedimentary and some igneous rocks Iron ores m the sediments Laurentian* granites. Keewatin: 
green schists, from ancient basic eruptives. Some sediments with iron ores. 

As now mined the ores are chiefly soft, partially hydrated hematites, their percentage 
of water not reaching that of limonite. They have been produced by alteration of great 
beds of cherty carbonates of iron, of hydrated ferrous sihcate, and of asbociated pyrite, 
under the general processes of weathering. Soft earthy masses of ore have thus resulted; 
of enormous volume, accessible, cheaply mined, and of relative purity as regards phos- 
phorus and sulphur. They occupy synclinal basins, troughs produced by intersection of 
igneous dikes with each other or with impervious strata, or other minor places where 
circulating and oxidizing meteoric ground-waters have been temporarily obstructed in 
their flow. Besides soft ores there are lenticular bodies of hard specular hematite, pro- 
duced by metamorphism of ancient soft-ore bodies, also great bodies of jaspery or siliceous 
iron-bcaiing strata, of 35% and above m non, which, partly as concentrating ore, partly 
as low-grade lump ores, with the gradual exhaustion of better grades, will l>e available for 
a long time to come. The grade is well above that of prc.sent Euiopoan ores. These ores 
originally foirned Ix'ds precipitated at .surface (.\rt 17, IV, j). They became bured in a 
stratified seiies, and afterwaid by weathering yielded residual deposits ( Vrt 17, k), some 

of which extend to great depths and are cases of secondary enrichment. Some have been 
metamorphosed to specular hematite, and even magnetite. In northeastern Minnesota 
gabbros occur with igneous titaniferous magnetites, not yet shown to be valuable 
(Art 17, I, a) (38). 

Clinton red hematites are next m productiveness. They appear as beds of 
oolitic, often fos.siliferous ore, associated with olive-green shales and subordinate lime- 
stones of the Clinton stage, at base of Silurian system. They outcrop m S E Wisconsin, 
western Ohio, central Kentucky, western New York, south of Lake Ontario, and farther 
east at town of Clinton (whence their name) , m Poim.sylvania, Virginia, eastern Tennessee, 
Georgia, and Alabama. Their greatest development is in Alabama, where they form an 
inner terrace, called Red Mountain, in the Birmingham anticlinal valley. Good coking 
coals and liniestone aio near, .so that low-cost pig can be produced oven from 35 and 40% 
ores. At outciops the ores are silicetais, below ground-water level, they become basic. 
All are model ately high in phosphorus. They are probably oolitic beds, precipitated in 
shallow estuaries, fed by iion-liearmg diainage (C\ H. Smyth). Although utilized in 
Tennessee and ( ieorgia, they are most important m Alabama. In time those in New Y^ork, 
Kentucky and A\ isconsin are destined to be of greater moment than now. 

Brown hematites (“hro^vn ores’”) of the U S are produced chiefly along that portion of the 
Appalachian niountjuna formed by early Paleozoic strata, and just west of the earlier crystallines. 
7’hey are products of weathering of fcrruginou.s rocks, especially limestones. In almost all the 
mines they must bo freed of ochers and clays by wtishing 

Magnetites occur in two chief types of deiwsits. The commoner is a lenticular or 
pod-shaped mass, in gneisses, parallel with the foliation, d'hey appear widely in the 
ancient Appalachian crystallines, but are most pioductive in the Adiiondacks. The 
second type apix'iirs m the contact zones (.\rt 17, II, O, pioduced by intrusive igneous rocks 
on limestono.s or limey shales. The greatest deposit of this type m the East is at Cornw^all, 
Penn. The igneous rock is diabase and the limestone, Cambro-Ordovician. In the West 
many such deposits are known, m Utah (Iron Springs Dist), Nevada, California, and 
along the northwest coast. 

In Europe, Germany, England, and France follow the U R in order of production of iron ores, 
the greatest single source being found in a series of Jurassic beds in and near Taixeinburg, and in the 
northeast of England. The ores (called “imnette”) are of 30% or a little higher, and are brown 
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lematites, carbonates, and various silicates. Minor orebodies are in veins, of carbonates, and in 
►eds of clay iron-stone and black-band. Spain ships from Bilbao great quantities of partially 
tydratcd hematite, the weathered product of spathic ores in depth. Sweden is a heavy exporter 
if magnetites, especially from the igneous sheet of magnetite at Kiruna, Lapland. Many lenticular 
nagnetites have been worked in middle Sweden. Great bodies of igneous magnetites exist in the 
Jrals. Algiers ships important amounts of red, partly hydrated hematites. 

Large orebodies have recently been developed in N K Cuba, where ancient serpentines have 
ireathered for ages, leaving a residual soil, rich enough in iron to form ore Great reserves of specular 
lematite, of ancient geological age, occur in eastern Brazil, state of Minas Geraes. With the opening 
f the Panama canal, iron oies reached American furnaces from Chile. In S E Newfoundland, at 
Vabana, extensive beds of red hematite have been developed in recent years (39), 


19. COPPER ORES 

The minerals in Table 4 constitute the common ores of copper: 


Table 4. Copper Ores 


Sulphides 

'halcopyrite, 

CuFeS2(Cu2S •Fe2S3) 
iornite, Cu 3 FeS 3(2 Cu 2 S-Fe 2 S 3 ) 
/ovellite, CuS 

3halcocite, CU 2 S 

Sulpharsentdes ami Sulphantimonides 
margite, Cu 3 AsS 4(3 Cu 2 S*A 82 S 5 ) .. . 
"■etrahednte, 

Cu8Sb2S7(4Cu2S-Sb2H3) .. . 

Oxides 

Jelaconite, CuO 

^upnte, CU 2 O 


%Ca 

Sulphates 

% Cu 


Chalcanthite, CUSO 4 • 5 H 2 O 

25.38 

34 60 

Brochantite, Cu 4 ( 0 H) 6 S 04 

56. 10 

55 50 
66 48 

Carbonates 

79 80 

Malachite, CuCO 3 -Cu( 0 H )2 .... 
Azurite, 2 CuCOa * 011 ( 011)2 

57.27 
55. 10 

48 40 

Sdxcate 


Chrysocolla, CuSiOa -21120 . 

36.00 

52 06 

Oxychloride 



Atacamite, CuaCl • (OH ) 3 

59 29 

78 86 

Native Metal 


88 80 

Native copper, Cu. . . 

100 00 


The distinction between primary and secondary minerals is more important with 
5opper than with any other metal. Some copper minerals appear 111 both groups. Pri- 
iIary: chalcopyiite, bornite, chalcocite, enaigite, tetiahednto (some native copper in 
aske Superior mines). Secondary: chalcocite, covellitc, melaconite, cuprite, chalcan- 
hite, brochantito, malachite, azurite, chrysocolla, atacamite, and native copper. Possibly 
shalcopyrite and bornite are secondary in some cases. As a pnmaiy mineral lean copper- 
>earing pyrite is very important, especially in intrusive rocks. When oxidized by meteoric 
vaters in the vadose zone (belt of weathering), all copper-liearing sulphides yield some 
orm of sulphate. This soluble salt, in deposits in siliceous rocks, tnckles downward 
mtil, in contact with some reducing agent, like pyrite, the copper is precipitated as chal- 
jocite. This causes great concentration of copper, at or near ground-water level, termed 
JECONDARY ENRICHMENT. From bodios of copper-bearing sulphides, in regions of abun- 
iant rainfall, as at Ducktowri, Tenn, an upper zone or gossan of biown hematite results, 
vhich may form an iron ore. Below this, near ground-water level, a belt of rich chalcocite 
;black ore) appears, containing most of the copper once distributed thioughout upper x>art 
)f deposit. Still lower are unaltered, primary sulphides. In a comparatively arid region, 
vhen copper-bearing sulphides, usually in form of cupriferous pyrite, arc disseminated in 
ntrusive igneous rocks, or quartzite.s, or schi.sts (which may be crushed or rendered opeii- 
,extured along a zone of movement), descending waters of the vadose zone develop an 
ipper leached belt, underlain by a chalcocite-bearing section of maximum richness; and 
jelow this is a belt of slight secondary enrichment. Thus have originated the disseminated 
jopper ores, now being extensively mined in the southwest. If oxidizing reactions occur 
n open-textured tuffs, or contact lime silicates, chrysocolla often results, instead of chal- 
jocite; if in presence of limestone, the blue and green carbonates and cuprite are 
characteristic products. In North America most of the copper produced comes from 
chalcocite. The region of Northern Rhodesia, with adjacent portions of Katanga, con- 
tains the largest copper-bearing area known. 

Examples of copper deposits (letters in parentheses refer to Classification, Art 17 ). 

A. Bodies of copper-bearing sulphides, chiefly chalcopyrite or lean, copper-bearing 
pyrite in igneous rocks (a). Chalcopyrite may be associated with a nickel-bearing sul- 
phide, pentlandite, and with pyrrhotite, in basic intrusives (Sudbury, Ontario). Lean 
copper-bearing pyrite of igneous intrusive masses, usually monzonites, requires secondary 
mrichment for profitable operation (Bingham Canyon, Utah, and near Ely, Nevada). 
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B. Irregular masses of copper>bearing sulphides in contact zones (c) and associated 
with lime silicates. Secondary enrichment, incident to oxidation, may be necessary to 
increase percentage to mining requirements. Various minor forms of deposit may be 
associated. Bisbee and Morenci, Ariz, are best illustrations. 

C. Veins along faults, with greater or less replacement and impregnation of the walls 
(d), as at Butte, Mont, where walls are granite. Innumerable other veins are known 
in all parts of world. 

D. Lenticular or pod>shaped bodies of pyrite or pyrrhotite, with chalcopyrite (usually 
of later introduction) . The lenses favor schists or slates, and lie parallel with the foliation. 
These rocks may be sheared eruptives, or may be sediments (Ducktown, Tenn, and 
many orebodies along Appalachians). Other examples appear in foot-hills of Sierra 
Nevadas, Cal. Rio Tinto, Spain, is one of the largest bodies yet discovered. 

These orebodies were probably originally veins (d) parallel to structural planes of wall-rocks, 
and subsequently pinched into lenses by pressure. The type called “Ivieslager” may be of sedi- 
mentary origin, or introduced as veins and pinched by pressure. Some have been considered 
Igneous intrusives, as at Sulitelma, Norway, and Bodenmais, Bavaria, 

E. Native copper in nodules, sheets, minute scales, and sometimes large branching 
masses, in amygdaloidal basalts, and associated conglomerates (h). Keweenaw Point, 
Michigan, is chief example. Introduction of the copper is a disputed subject, whether a 
product of expiring igneous activity, or of circulating meteoric and connate waters. 

F. Impregnations of sedimentary rocks with sulphides or their oxidized products, 
often deposited on organic leniains (/<). Mansfeld, Germany, is best known example, 
wheic a lilaek shale, with abundant organic remains, is impregnated wuth copper minerals 
for a width less than 1 ft, but over a great area. It is uncertain whether the copper was 
precipitated from Permian sea-w ater along wuth the sediments, or introduced by circulat- 
ing ground-watcis long after sediments were deposited. Tiiassic strata of the U S have 
many copper impregnations, mostly small. 

The percentage of copper for successful mining depends on widely varying conditions. Native 
copper rock, on Keweenaw Pcant, Mich, yielding only 0 Oo' tb'J Ib pi r ton), has been treated 
successfully The disseminated chalcodtc of Bingham Can>oii, Utah, has yielded average assays 
over months’ periods as Inw as l' ^, with approx a son eu-eighths recovery Baw smelting ores, 
of slightly abo\e 2' c find ',\ith little aid from precious inetaN, have lieen worked at Ducktown, 
Tenn In early days in westei n T S, ores of 10 to 20' < were fre(juent in oxidized and enriclied parts 
of deposits \ a'5t quantities oi 10' or^ are now reported fiotu iS 10 Congo State, Central Africa. 
To be valuable, all low -grade deposits must be of great size (40), 


20. LEAD AND ZINC ORES 

Lead. Followung minerals constitute the eommou ores of lead: galena, PbS, 86.6% 
lead, anglesite, rhS 04 , 6S..P',', , eoiusMte, PbCOs, 77 r)%; i>yromorpliite, 3 (PbO -1^206) 
Pbfd'j, 76 2% (much laier than the others) (.)ther compounds sometimes appear in 
small amount, as wulfeuito, cioroite and \anadniite. 

Galena is the chief pi unary load ore, of which others aie oxidation products. It is 
freiiueiitly associated with zinc blende and pyrite. All lead ores are commoner in lime- 
stones than with other wall rocks. Many lead ores cairy silver m commercial amounts, 
esjiocially in regions chaiacteristiealby iiroductne of piecnms metals. Gold is a rarer 
associate. The oxuii/ed pioduct ot galena is oftener cerus-ite than anglesite. All oxi- 
dized ores are mingled with limonite in varying degiee, and with silica and earthy minerals 
from alteration of wall rocks. Lead and zinc can best be discus<5ed together. 

Zinc. Following imnerals constituie the common ores of zinc' sphalerite or zinc 
blonde, ZnS, 07% zinc, henumoi phite (calamine\ 2 Znt)'Il20-Si02, 54.2%, .sniithsonite, 
ZnCOa, 52.1%; willemito, 2 ZnO*Si02, 58.6%: zincite, ZnO, 80.3^7; fianklinite, 
(Fo,Mn,Zn)0(Fe,Mii)20d, variable, alxnit 6.0%. Willemite, zincite and frankhnite, 
exceptional in their oc(*urioiice in iioithern New Jersey, fonn a group by themselves. 

Zinc blende is the almost unucrs.al primary mimral, cal uninc and smiths'uuto arc its oxidation 
products. The latter two are often inseparably mixed, and together are knowui as “galmei” in 
Europe "Dry-bone’’ is a local name in Mississippi \ alley, the oxidation products suggesting 
old bones. (The Bignifieaiiee of the names calamine and sniithsonite in r'ngland is (he exact reverse 
of the American meaning, smith.somto being used for the hydrated silicate) The oxidized com- 
pounds are characteristic of the vadose zone They may coat bedrock beneath a cap of residual 
products. The deposits are summarized from those with lend alone to those with amc alone. 
Intimate mixtures of both ores afford one of the great metalhirgieal problems today. Neither 
lead nor zinc deposits have been found in immediate association wnth igneous rocks, such that a 
direct igneous origin could be ascribed to them. They reach their places of precipitation in solution. 
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Examples of lead and zinc deposits. (Letters in parentheses refer to Art 17.) 

A. Disseminated and sometimes coalescing deposits of galena with associated sul- 
phides, in sedimentary strata. The galena impregnates the older sediment; believed to 
have been introduced in solution, and to have replaced pre()xisting minerals; source is 
conjectural (h and i) . In S E Missouri, the chief American source of lead for lead alone, 
Cambrian limestones are impregnated. 

Near Laurium, Greece, galena replaces limestones involved with mica schists. At Leadville, 
Colo, Carboniferous limestone has been replaced with silver-bearing galena, pyrite, manganese 
compounds and sometimes zinc blende, along under sides of sills of rhyolite-porphyry ("white 
porphyry”). Extensive oxidation developed carbonate ores for the early miners Galena may 
yield to zinc blende in amount In Belgium, Luxemburg, and near Aix-la-Chappelle, huge amounts 
of subordinate lend ores have been mined m Devonian and Carboniferous limestone along great 
faults Zinc blende was doubtless the original mineial In Silesia the zinc and lead ores are in 
Triassic limestones 

At Commern, Germany, knots of galena are disseminated in Triassic sandstone In Coour 
d’Alene district, Idaho, silver-bearing galena, with siderite, appears in great bodies in pre-Cambrian 
quartzite, along or near extensive faults Zinc blende has been met in some mines, copper ores in a 
few others. Siderite seems to have first replaced the quartzite, and then yielded to galena. The 
reaction is much the same as with original limestones. 

In S W Missouri zinc blende and subordinate galena impregnate breccias of chert, 
interbedded in Lower Carboniferous limestones. 

B. Galena, zinc blende and associated sulphides in joints gash veins ”) and related 
cavities (/). In S W Wisconsin and neighboring states of Upper Mississippi Valley the 
Ordovician “ Galena ” limestone has numerous vertical gash veins, with horizontal ‘‘ runs ” 
and inclined “ pitches,” containing galena, zinc blende, marcasite, and calcite. 

C. Galena and zinc blende in fissure veins, often together, often separate, usually 
with other sulphides (d). Precious metals are frequently associated. Such deposits are 
world-wide, and in all kinds of wall-rocks. 

D. Lenticular deposits containing willemite, franklinite, subordinate zincite and many 
lime silicates, are folded in pitching synclinal troughs in pre-Cambrian limestones. It is 
difficult to classify these deposits. Their zinc-bearing minerals are unique. The 
mineralogy suggests contact zones (c), but the actual metamorphosing igneous rock is 
not apparent. 


21. SILVER AND GOLD ORES 

Though deposits are known containing either gold or silver alone, these metals are 
generally associated and must be discussed together. Both are extensively obtained in 
connection with copper and lead. Lead ores are often called ” wet ores,” l:)ecau8e metallic 
lead, freed in smelting, acts as a solvent for the precious metals, the distinctive ores of 
which are called ‘‘ dry ores.” Zinc desilverization for base bullion, electrolytic refining 
for copper, and the substitution of cyanidation for amalgamation, have greatly facilitated 
treatment of silver and gold ores. 

Silver-bearing minerals: argentite (“silver glance”), AgaS, 87.1% silver; hessite, 
Ag 2 Fe, 62.8%; proustite (“light ruby ore”), AgaSsAs or 3 Ag 2 S Aa 2 S 8 , 05..5%; 
pyrargyrite (“dark ruby ore”), AgsSjSb, or 3Ag2S-Sb2S3, 59.8%; stephanite (“brittle 
silver ore”), AgbS^Sb or 5 Ag 2 S*Sb 2 S 8 , 68.5%; cerargyrite (“horn silver”), AgCl, 75.3% ; 
native silver, Ag, 100%. 

Galena almost always contains at least a trace of silver, which probably occurs as an 
isomorphous sulphide, but not appearing separately in polished plates. Silver is a compo- 
nent of certain varieties of tetrahedrite, and in this form is often found in copper ores. 

Galena is probably a base for other copper minerals Silver is sometimes found in zinc blende, 
but rarely in pyrite. Modern silver production is chiefly in connection with base metals. 
Cerargyrite and native silver are habitually secondary minerals, resulting from alteration in the 
vadose zone of other minerals mentioned above, or from silver-bearing, base-metal minerals. Argen- 
tite is sometimes secondary, it certainly is also primary. The others are generally primary. 

Gold-bearing minerals : calaverite, AuTe 2 , 44.5% gold; sylvanito (“graphic 
tellurium ”), (AuAg) Tea, variable; native gold, alloyed with silver, etc, variable. Gold 
most commonly occurs in quartz veins, both as native, and as scales and wires mechanically 
mixed in pyrite. It may be set free by oxidation and removal of the pyrite. It also 
accompanies mispickel, chalcopyrite, and rarely galena. In some of these minerals, when 
the ores are refractory, it may exist as an involved telluride, or as a bismuth compound 
(Richard Pearce). The tellurides of gold (a number of rare mixed tellurides of gold and 
^ther metals are not mentioned above) are primary minerals. On oxidizing and losing 
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tellurium, they yield extremely fine particles, not readily panned and resisting amalgama- 
tion; called “ rusty ” gold. Gold, presumably as chloride, sometimes descends in solution 
from oxidized portions of veins containing manganese minerals, and is reprecipitated at 
or near water level. Presence of calcite may interfere with the reaction. The high sp gr 
and resistance of gold to natural solvents greatly favor the formation of placer deposits. 

German writers sometimes classified precious metal deposits into an older series, in geological 
age, and a later series. The great silver-gold veins associated with mountain upheaval and igneous 
outbreaks, at close of the Cretaceous and in the opening Tertiary periods, can thus be distinguished 
from older ones. Each group can then be subdivided on associated minerals, of which a series of sub- 
types can be established. Other writers have placed less emphasis on variations in time and 
mineralogy. Admitting some characteristic mineral associations, which might make possible finer 
subdivision, the following large types are permissible (see Classification, Art 17). 

Predominant silver. A. Fissure veins, with distinctively silver minerals in quartz 
gangue, often amethystine and associated with manganese minerals and some calcite. 
Galena, zinc blende, pyrite and copper minerals, are very subordinate. Many great veins 
of Mexico, as at Pachuca, Real del Monte, and Guanajuato, exhibit these characters. 
The Butte silver veins are similar, but now, in instances, have developed copper in depth. 
In general, argentite is the chief source of silver (d). 

B. Fissure veins yielding silver with little gold, in association with galena, zinc blende, 
copper minerals, and pyrite, in gangue of quartz, calcite, barite, fluorite, one or several (d). 
Veins of this mineralogy are world-wide in distribution. 

C. Native silver and minor silver minerals, with arsenides of cobalt and nickel, in 
shrinkage cracks or fissures involving slight displacement (d and /). Cobalt, Ont., is best 
example, where veins are predominantly in Huronian conglomerate, associated with a 
diabase sill, wjiich has some veins, and Keewatin green schists, which contain a few. 

D. Impregnations of porous rocks, sandstones, tuffs, etc., with argentite, cerargyrite, 
and native silver; supply fissures obscure; some copper minerals may occur. (Silver 
Reef, Utah, Silver Cliff, Colo.) 

£. Impregnations and replacements of crushed rocks along faults (silver-bearing 
galena in Coeur d’Alene, Idaho, Art 20, A). 

F. Replacements of calcareous rocks with silver-bearing galena and associated sul- 
phides. Leadville, Colo. (See Art 20, A, for other cases.) 

Predominant gold. A. Fissure veins containing native gold, alone, or mechanically 
mixed in pyrite and much rarer base-metal sulphides, in quartz gangue. Gray, greasy- 
looking quartz seems to accompany best values. The common association of quartz 
with gold makes this type of world-wide distribution. Veins appear most frequently in 
schists, slates, or other metamorphic rocks, and in association with intrusive rocks, of 
which granite is commonest. 

B. Impregnations and replacements of open-textured rocks with gold-bearing pyrite. 
The “banket” of gold-bearing conglomerates of Transvaal, the chief producers today, 
is the best example. 

C. Saddle-reefs, or arch-like deposits of gold-bearing quartz at crests of anticlines (e) 
(Bendigo, Victoria, and gold reefs of Nova Scotia). Saddle-reefs may succeed one another 
in depth. Slates or slaty schists are common wall-rocks. 

D. Veins carrying gold tellurides. At Cripple Creek, Colo, they are associated with 
an eroded Eocene volcano, often favoring neighborhood of minor dikes of phonolite and 
basaltic rocks, with which volcanic activity closed. Purple fluorite is a characteristic 
associate. In Boulder Co, Colo, veins are in gneisses; at Kalgoorlie, Western Australia, 
in amphibolit-es; in Hungary, altered andesitic rocks, called propylites. Once considered 
extremely rare, tellurides have been very productive in Cripple Creek and Kalgoorlie. 

E. Lateral impregnations and replacements of calcareous shales, with tellurides along 
supply fissures, called verticals. Example, so-called “ Potsdam ” or “ refractory ores,” 
of the Black Hills, S Dak, the walls of which are of Cambrian age. 

F. Contact zones, on the border of intrusive igneous rock and limestone, containing 
gold-bearing mispickel in lime silicates (Nickel Plate mine, B C). The usual contact 
zone of this type carries copper sulphides with a little gold (Art 19, B). 

G. Placer deposits of gold-bearing gravels, which may be- residual, from weathering 
of rocks in situ; river gravels in active streams; river gravels in abandoned and often 
buried channels; alluvial fans; sea-beaches with active surf; sea-lx'aches now elevated 
and inland. Gold in streams favors places where current has been checked, as the inside 
of bends; junctions of tributaries; beads of quiet reaches. Gold favors gravel next the 
bedrock, or next a “false bedrock” of clay, but fine particles may be generally distributed 
in a thick vertical section. Magnetite, zircon, garnet, and various resistant, heavy min- 
erals are characteristic associates, yielding “black sands” (42). 
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22. MINOR METALS 

Aluminum is obtained today from bauxite, hydrous aluminum oxide, which is treated electro- 
lytically in a bath of cryolite (3 NaF'AlFa). Bauxite is developed by weathering of aluminous 
rocks, and may appear as a residual product. It may also be produced by solvent action of sul- 
phuric acid, from oxidizing pynte, upon aluminous rocks, such as shales. The resulting acid 
solution of aluminum sulphate may be neutralized by limestone, with precipitation of aluminum 
hydrate, which may then form concretionary masses. In America bauxite is largely produced in 
Georgia, where the last named reaction is believed to explain its occurrence In Arkansas, it is 
associated with syenitic eruptives, to the alteration of which its formation is attributed Cryolite 
is commercially obtained only on west coast of Greenland, where it constitutes a large, flat vein in 
gneiss. Siderite, galena, zinc blende, and a few other minerals are sparingly mingled with it 

Antimony is obtained from its sulphide, stibnite (Sb2S3); sometimes from the oxide, senar- 
montite (SbaOj); and as an alloy from antimonial lead ores. Characteristic occurrence of stibnite 
is in quartzose veins, but less regular deposits in sandstone are recorded The industry is small. 

’ Arsenic is produced largely as a by-product in smelting arsenical lead, copper, gold or cobalt ores, 
chiefly enargite (CU8ASS4). It is sold as oxide, but much more could be saved were there a better 
market for it. 

Barium is chiefly consumed as the sulphate (BaS04). Barite characteristically appears in 
veins in limestones; is also a frequent gangue with lead and copper ores, regardless of nature of vein 
walls. Chief output in U S comes from deposits in Georgia, Alissoun, and California 

Bismuth is a rare by-product in lead-silver refining. A few districts, as Leadville, Colo, and 
Cobalt, Canada, produce bismuth ore. 

Cadmium is a minor associate of zinc, and whenever separated is a small by-product in zinc 
metallurgy, or in treatment of zinc-beanng lead ores. Greenockite (Cd 3 ) is the chief mineral. 

Caesium is a rare alkaline element of much the same associations as rubidium. 

Cerium, with didymium, erbium, lanthanum, thorium, and yttrium, constitutes a group called 
the cerium group of rare earths. Their compounds, especially those of thorium, have incandescent 
properties when heated, for which purpose they are sought. They are obtained as phosphates in 
monazite and xenotime, and are characteristic of pegmatites They may appear in normal granite. 
Being resistant and heavy, monazite and xenotime have accumulated in placers in the drainage of 
pegmatite and granite areas of the Carolinas; also on sea coast of Bahia, Brazil 

Chromium (FeO’Cr203), sometimes (Fe*Mg)0-(Cr*Al‘Fe)203, is a characteristic associate 
of richly magnesian, basic igneous rocks, usually altered to serpentine The chromite is believed 
to be a direct crystallization from molten magma. It forms irregular, sometimes large, distributed 
masses, and being extremely resistant may be freed and concentrated as a residual product in 
weathering Commercial chromite should contain at least 40 '^ Cr^Os Rhodesia is a gre.at pro- 
ducer of chromite ore 

Cobalt forms a variety of arsenides and sulphides, practically always in association with nickel. 
Linnseite (C03S4), smaltite (C0AS2), cobaltite (CoAsS), and the oxidized product erythritc or 
"cobalt bloom" (Co8A8208'8 H2O). Cobalt has long been derived from the ores of Cobalt, Ont; 
Belgian Congo, Rhodesia, and French Morocco are also important produceis. 

Didymium (see Cerium). 

Erbium (see Cerium). 

Iridium (see Platinum). 

Lanthanum (see Cerium). 

Lithium is obtained from amblygonite Li(AlF)P04, lepidolite, the lithia-mica LiK[Al(OH, F)2] 
AUSiOa)!, with lithia (L12O) 2 to 5 ^,^ ; and spodumene (LiO- A1208-4 S1O2) with lithia 7 . 5 % Both 
are pegmatite minerals, occurring mainly in Black Hills, S Dak. The commercial importance of 
lithium has increased in recent yeais 

Magnesium is chiefly used as the earthy carbonate, magnesite, a refractory material. In 
Washington, magnesite lenses are found in metamorphosed dolomite Magnesite also favors asso- 
ciation with serpentines, in the alteration of which it is formed m v^eina in California Russia, 
Austria and the U S have recently been the chief producers 

Manganese. The chief minerals are pyrolusite (Mn02), psilomclane (Mn02-NIl20, plus 
K, Ba, etc), wad (an earthy Mn mineral), manganite (Mn304-n20), rhodochrfi-^ite (MnC03) and 
franklinite (FeZnMn)O-(Fe Mn)203 Russia, Gold Coast, India, Brazil and Cuba supply most of 
the manganese used in the U S. In geological relations of its ores, manganese is similar to the brown 
hematites (Art 6). The ores are usually residual products of weathering, and are found as nodules 
in clay or as masses on surface. They should be relatively low in phosphorus, for use in spiegel- 
eisen, and not too high in silica ( 43 ) 

Mercury has one chief ore, cinnabar (HgS2), with which a little native mercury may be asso- 
ciated. Cinnabar appears in veins with quartz, calcite, altered wall-rock and bitumen It may 
also impregnate porous beds, such as sandstones In practu*e mercury is called iiuicksilver or 
“quick." In the U S, cinnabar is mined in Calif, Nov, Ark, and Texas. 

Molybdenum is obtained from molybdenite (M0S2). Wulfenite (PbMo04) has attracted 
some attention. The molybdenite deposits at Climax, Colo, are among the largest known in the 
world. The ore occurs in a large circular stock of granite. The bottom of the mineralization has 
not been determined. 

Nickel has 3 varieties of ores: (a) sulphides and arsenides (millerite, NiS, niccolito, 
NiAs) and related minerals, all of small moment today; (h) pcntlandito, (Fe Ni)S, the 
nickel, iron and sulphur being each about one third. (Although nickel was formerly 
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thought to replace iron in pyrrhotite, it is now considered to be in mechanically inter- 
mingled pentlandite) ; (c) a series of hydrated silicates of nickel and magnesium, somewhat 
analogous to serpentine in general composition and forming veins in serpentine, or pro- 
duced in the alteration of very basic igneous rocks. 

The nickel industry today is practically limited to 2 localities. At Sudbury, Ont, and vicinity, 
pentlandite with pyrrhotite and chalcopynte are concentrated at bottom of a huge intrusive sheet, 
wdneh varies from norite at the base, where the ores appear, to acid, micrographic granite at its 
upper surface The sheet is folded into a huge basin, 40 miles across, and is buried in center 
beneath overlying sediments and volcanics The ores favor embaynicnts in the underlying older 
rocks, and one offsetting dike at the outer periphery. The underside of sheet dips inward at 60°, 
and is impregnated with nickel and copper ores up to widths of 100 or 150 ft. The gangue is self- 
fluxing The ore bodies are generally classed under a. Art 17, but the 3 sulphides seem to have 
crystallized m serial order, and at times to have undergone some redcposition. The hydrated 
silicates of nickel are found, in workable richness, in the serpent inous district of New Caledonia. 
They constitute veins, and are the second but much smaller factor in the w'orld’s supply (44). 

Osmium 18 a characteristic associate of platinum, m the placers of which its one source, iridos- 
mine, is found, in scales or scaly nuggets and “colors.” 

Palladium is a characteristic associate of platinum in placers, and in the few cases where plati- 
num has been discovered in copper ores. In latter case careful assays are necessary to avoid mis- 
taking palladium for platinum 

Platinum appears in metallic grains and nuggets, more or less alloyed with iron, palladium, 
and rarer metals of the platinum group It is characteristically associated with pendotites and 
pyroxenites, in which it is a direct crystallization from the original fused magma. Platinum is 
freciuently intergrown with chromite Aside from natural alloys, its one compound is sperrylite 
(Pt.Vs^), a minute associate of the Sudbury nickel-copper ores, and rarely elsewhere (45). Russia, 
Canada, Colombia and So Africa are the chief producers 

Potassium is treated as a saline (see Non-Mctallic Minerals). 

Radium is an extremely rare associate of the more abundant uranium, from the minerals of 
which it IS separated (see Uranium). 

Rhodium is a minor associate of platinum 

Rubidium is a rare alkaline clement, associated in minute amounts with lithium in lepidolite 
and other lithium minerals 

Ruthenium is an extremely rare associate of platinum. 

Sodium 18 treated as a saline (see Non-Metnllic Minerals). 

Strontium is obtained from the sulphate, cclestite (Sr.^ 04 ), occurring like barite, but less abun- 
dant (see llanum) 

Thorium (see Cerium). Thorianite is also found commercially in Ceylon and Australia. 

Tin has one ore, cassitento (v^iiO-j), and one rare sulphide, stannite. CaB.sitente is 
almost always associatt'd with granites and pegmatites, or veins closely akin to pegma- 
tites. In weathering and erosion of the.so, Ix'ing heavy and resistant, it is concentrated in 
placers as pebbles and finer particles, called stream tin Cassitente is obtained both by 
deep mining and placer working It has Ix^en observed associated with rhyolites. Tm 
is also obtained in impoitant quantities from Bolivian silver veins. Bolivia is now one 
of the largest producers of tm. 

Titanium appears in the titaniferous magnetites, in which it has hitherto been a disadvantage 
to the iron. The nclsonite rocks of Virginia furnish titanium oxide in the form of rutile. Large 
amounts of ilmenite, (FeTi)Oj, are found in the sands of Travancore, India. 

Tungsten, now' an important metal in steel manufacture, is obtained from several 
tungstates, liz. wolframite, (FeMn)W() 4 ; huebnerite, MnW 04 ; scheelite, CaW 04 . 
In the U S it is found chiefly in contact metanioiphic deposits, where scheelite occurs 
associated with garnet and epidote, as at Mill City. Nev. The quartz veins at Atolia, 
C'alif, have had an important history of scheelite production. The wolframite ores of 
China are extensively pioduced. 

Uranium has gamed great prominence as the associate of radium, but has also uses of 
its own. Pitchblende or uraninite, (UPb2)3U202, the earlier and still prized source, is a 
rare but characteristic mineral of pegmatites and related veins. A senes of phosphates, 
torl>ernitc, autunite, etc, have similar geological relations. Carnotite, a vanadate, 
K-iO 'i U208'V206 3 IliO, with 15 to 18^^, vanadium oxide, is found impregnating sand- 
stones in western Colorado and eastern I"tah. The uranium-bearing veins of Katanga, 
Belgian Congo, are an important source of radium. The Great Boar Lake district of 
Canada is also important. 

Vanadium is a minor component of titanifeioiis iron ores, and of the uranium-bearing 
carnotite, and, in a series of vanadium sulphides and their oxidized derivatives, appears in 
usphaltito veins in Perfi. Vanadium is also found in the carnotite ores of western Colo 
and Utah. 

Yttrium (see Cerium), 

Zirconium has one mineral, zircon (ZrSi 04 ), an associate of granites and other feldspathio 
rooks and pegmatites, from w’hich on W'cathering it is freed and concentrated in placers. 
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NON-METALLIC MINERALS 


Here is included a miscellaneous series with no fundamental relations; hence, arranged 
alphabetically. The carbon series is the most important (46). 


23. ABRASIVES; ASBESTOS; ASPHALT 

Abrasives. Corundum and emery (emery is a mixture of corundum, spinel, magnetite and 
other hard and heavy minerals) are found in two principal geological relations, corundum crystal- 
lizes from rare igneous magmas containing excess of AI2O8 above requirements of ordinary rock- 
making minerals Most of the world’s supply of corundum comes from the Transvaal, where the 
mineral is found in syenite pegmatites. Embry is commonly found at igneous contacts or where 
inclusions of aluminous sediments are involved and partly digested in igneous rooks. A vein 
or bed at Chester, Mass, containing emery in metamorphic rocks, is still different. Garnet, either 
in hornblende schist, as in the Adirondacks, or in mica schist, as at Reading, Conn, is a minor 
abrasive. Crushed, angular fragments of quartz are used for sand-paper. Diatomaceous earth 
and decomposed chert (Tripoli) are soft abrasives. Whetstones are made of gritty slates, which 
sometimes owe their “tooth” to imnute garnets or other hard minerals; or of novacuhte, a fine- 
grained siliceous rock in which the solution and removal of minute rhombs of calcite have left 
sharp-edged cavities. Coarse varieties are sandstones, or sandy schists, in which are set rutile, 
garnet, etc. Grindstones are made of sandstones sufficiently friable not to wear smooth ( 60 ). 

Asbestos of commerce, a variety of serpentine, called chrysotile, appears as veins with cross- 
fibers in some serpentine districts (moat important is in southern Quebec). Poorer grades appear 
along slips in the serpentine and in the mass of the rock. Some believe the Canadian asbestos to 
be a deep-seated alteration product of basic igneous rocks; others, that it is developed from serpen- 
tine in fissures near intrusive dikes of aplite, a variety of gramte ( 61 ). 

Asphalt (see Carbon Minerals). 


24. BUILDING STONE, CLAY, LIMES, CEMENTS 

The granite industry is mainly developed along Atlantic seaboard; secondarily, in Wisconsin, 
Missouri, and California Among igneous rocks, granite breaks best in the quarry When of good 
grade, it is homogeneous in texture, though sometimes suffering from black inclusions, local coarse 
crystallizations, and development of gneissoid structure Sandstones are widely quarried The 
“brownstone” of eastern U S is a Triassic sandstone, from Longmeadow, Mass, Portland, Conn; 
Avon, N J, Hummelstown, near Harrisburg, Penn. "Bluestone,” of Hudson River region, is a 
Devonian argillaceous sandstone, specially adapted to flagstones, curbing, sills, and lintels Pots- 
dam red sandstone or quartzite is Cambrian; quarried on western side of Adirondacks A softer 
stone of nearly the same geological horizon is produced on south shore of Lake Superior Medina 
pink sandstone of the Silurian is extensively obtained along the Erie Canal, between Rochester and 
Lockport, N Y. Cleveland or Ohio sandstone is a gray or pale-blue stone, of Mississippian (Lower 
Carboniferous) age, developed in outskirts of Cleveland LimestOxNeh Preernment is the Indiana 
or Bedford oblitic stone, of Mississippian (Lower Carboniferous) age, which outcrops in an extended 
N and S belt in S W Indiana. Marbles, of Cambrian and Ordovician age, are extensively devel- 
oped along the border of Western Vermont, Eastern Tennessee, and Georgia; of other age, in Colo 
Slates appear in S W Vermont and neighboring parts of N Y, and m the Lehigh Valley, Penn. 
They are in less degree produced in Virginia, the Lake Superior region, and Newfoundland Wales 
is a famous source of slate and of skilled workers in slate. Serpentine is quarried in southeastern 
Pennsylvania and the neighboring parts of Maryland ( 62 ). 

Clays belong to three general groups: (1) kaolin group, in which the chief mineral is kaolinite, 
AI2O2 • 2 Si 02 • 2 H2O ; (2) montmonllonite group, m which the chief mineral in montmorillonite, 
CaO*MgO, Al208*3 Si02*nH20, ( 3 ) alkali-bearing clay mineral group Kaohn is chiefly of two 
kinds, residual, or transported, which are the finest sediments of still water. Residual clays are 
commonest south of the terminal moraine of Glacial epoch. They are impure and variable. Trans- 
ported clays were extensively deposited by the floods which followed the melting of the continental 
glacier. They are very abundant in the valleys of the Connecticut and Hudson rivers, and are the 
basis of a great brick industry. Fireclay for refractory materials should be as free as possible from 
other ingredients than S1O2, AI2O3, and H2O. It is often found beneath coal seams In these 
relations fireclays are mined in Pennsylvania, Maryland, Ohio, and at Cheltenham, Mo. (Jther 
fireclays of Cretaceous age are developed at Woodbridge and its neighborhood, N J, and near 
Golden, Colo ( 53 ) Clays of the montmorillonite group are extensively derived by the alteration 
of volcamc ash and find an important application in the purification of petroleum products. 

Shales often possess properties which fit them for vitrified brick. They are then ground, 
moulded, and hard-burned. They are useful for pavements, especially where no good rook is avail- 
able for macadam. 

Limes and cements. For quicklime, calcium carbonate should be pure, free from coloring 
ingredients, such as iron compounds, and is preferred with little mgnesium carbonate Silica and 
alumina together develop hydraulic properties, and injure “fat” limes. Kilns are wideepread and, 
for local use, any reasonably pure limestone answers, Rockland, Me, is the principal American 
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producing district. As limestones contain increasing amounts of alumina and silica, they develop 
hydraulic properties when burned, and in varieties of special excellence afford natural rock cement. 
The crude stone is called a "water-lime.” Although important in former years, the natural cements 
have given way to "Portland” cement, which is an artificial mixture of limestone and clay or shale, 
entirely under control of the chemist, and being therefore more uniform m properties. In Portland 
cement magnesia is kept very low, not over 2 or 3%. The Lehigh Valley, Penn, is chief center of 
manufacture in U S, but plants are widely distributed (64), 


25. THE CARBON MINERALS 

These embrace Coals and their relatives, and the Petroleum series, including Natural 
Gas, Maltha, Asphalt, and Asphaltites. 

Coals and their relatives are vegetable remains so preserved in sedimentary strata as 
to become progressively enriched in carbon. They begin as some form of woody tissue, 
perhaps also in part spores, algse, and resins; under conditions of retarded oxidation they 
pass toward a theoretical limit of nearly pure carbon, and finally to mineral ash. Cellulose, 
the principal original contributor, is CeHioOs (approx, C 50%, H 6%, and O 44%), but 
there was always also a httle N, S, and mineral matter in original deposit. If vegetable 
tissue accumulates under a protecting layer of water, oxidation is retarded and relative 
enrichment in carbon ensues. On subsidence of the land, or, in case of lakes and swamps, 
as result of heavy floods, sediments bury the accumulated vegetable tissue. The com- 
plete process comprises several stages. Peat is still brown ; a visible aggregate of stems, 
loaves, etc; high in O and II and relatively low m C. Lignite is firmer, often black, but 
has a brown streak, and usually still shows e\ndence of vegetable tissue; has less O and H 
than peat and relatively more C. Sub-bituminous coals or black lignites are a stage 
beyond typical lignite, but are not typically bituminous. Bititminous coals (Sec 35) 
are black, solider, lower in O, higher in C, and at times possess coking properties. Semi- 
bituminous and semi-anthracite mark passages to anthracite (Sec 34) in which the C 
is greatly enriched and the coal hard and firm. Still further stages toward graphite are 
known. 

Table 5. Characteristic Chemical Composition of Coal Series 


Cellulose 

Peat 

Lignite 

Biturmnous 

Anthracite 

C 50 

59 

69 0 

82 0 

95 0 

n 6 

6 

5 5 

4 5 

2.5 

0 43 

33 

25 0 

13 0 

2.5 

N 1 

2 

0 5 

0 5 

trace 


Sulphur is aUo present in varying percentages, up to several units, and mineral ash never fails. 


Coals are analyzed commercially in 2 ways, proximate and elementary. In proximate 
analysis, moisture, ^ olatile matter, lixed carbon, ash and sulphur are usually determined. Sample 
IS dried, weighed, ignited until flame.s cease or for a standard time over a standard Bunsen burner, 
weighed, ignited again to consume the carbon, after which residue i.s weighed for ash. Sulphur is 
determined in a separate sample This analysis shows if the coal is high or low' in water; is high or 
low in volatiles, has a long or short name, cokes or not, is high or low in ash, is sulphurom* or not. 
These are the most important points regarding a fuel. Dividing the percentage of fixed carbon by 
the percentage of volatiles gives the ‘‘fuel ratio,” characteristic for each particular coal. Anthra- 
cites give high, and iichly bituminoius coals low ratios. Ratios \ary from less than 1, to about 30. 
Elementary analysis of a dried sample gives the C, H, O, N, S, and ash. It affords a better idea 
of the heat units in the coal, a matter of growing importance each year, but does not indicate coking 
properties nor volatiles It is known that the O in coals is already combined wuth C or H, and is as 
inert as ash, besides reducing the available C and H. Since H has a high calorific value, the neces- 
sary proportion to yield H3O with the O present is often called combined hydrogen; the excess, 
disposable hydrogen. Relatively high values of the latter are esteemed. 


Table 6. Characteristic Proximate Analyses 



Moisture 

Volatiles 1 

j 

Fixed 

carbon 

1 

Ash 

Sulphur 

Peat . . . . 

20 22 

52 31 

24 52 

2 95 


Lignite, . 

17 75 

37 85 

37 40 

6 20 

0.80 

Sub-bitumiiious 

13 43 

37 15 

45 57 

3 85 


Bituminous 

I 26 

30 II 

59 62 

8 23 

o!78 

Semi-bituminous . . 

1 23 

15 47 

73 51 

9 09 

0.70 

Semi-anthracite . . 

1.29 

8 10 

83 35 

6,23 

1.03 

Anthracite 

4.12 

3 08 

86 38 

5.92 

0.50 


1—4 
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Table 7. Characteristic Elementary Analyses 



Mois- 

ture 

C 

H 

0 

N 

S 

Ash 

Peat (air dried) 

13.60 

40.78 

5 55 

30.95 

1 40 

0 58 

20.74 

Lignite 

22 63 

54 91 

6 39 

32 59 

1 02 

0 59 

4.50 

Sub-bituminous 

11.05 

59 08 

5.37 

21.52 

1,33 

1 73 

10.97 

Bituminous 

3.36 

68.69 

4.84 

11.49 

1.54 

1. 01 

12.43 

Semi-bituminous 

1.53 

82.87 

4.76 

4 99 

1 68 

0.65 

5.05 

Anthracite 

1.97 

91.40 

2.81 

1 83 

0.21 

0 71 

3 04 


Heat units are expressed as British thermal units (B t u), or as French (calories). High ash 
or high-oxygen coals give low thermal values. The usual range is as follows, the peat being excep- 
tionally good (Sussex Co, N J) : 


Peat 

Ligmte 

Bituminous coal 

Anthracite 

High 

Low 

High 

Low 

High 

Low 

High 

8 260 

7 204 

10 143 

10 242 

13 790 

12 047 i 

14 686 


Moisture in coal is a serious drawback, and varies so much in unprotected samples, especially 
of ligmtes and sub-bituminous coals, that the sample, as soon as cut in the mine, should be put into 
an air-tight glass jar, and analyzed as soon as possible after top is unscrewed. 

Classification. Many attempts have been made to classify coals, but for eastern coals the 
scheme suggested by H. D. Rogers, State Geologist of Penn, about lS5o, is still widely current: 

Bituminous Volatiles, greater than 18 

Semi-bituminous “ 18 to 12 

Semi-anthracite ** 12 to 8 

Anthracite “ less than 8 

More recent schemes are those of* M. R. Campbell, based on C + // ratio, as shown by elementary 
analysis; F. G. Grout, who employs ratios based on sum of volatiles and hxed carbon of a pioximate 
analysis, and the elementary carbon of ultimate analysis, and D. B. Dowling, who employs what he 
calls the split-volatile ratio. All these give greatei attention to western lignites and sub-bit uminous 
coals, which in earher years were practically unknown Elaborate classifications are unimportant 
commercially. The B t u’s and the physical and coking pi operties are the essentials 

Geological associates of coal seams are almost always shales and sandstones. They 
often have a fireclay floor; are seldom associated with limestones. A seam may be broken 
up into benches by a “ parting ” of shale, called “ shite by miners. A parting may 
increase in thickness and separate a seam into 2 distinct seams. Seams may be cut out by 
old drainage channels, either contemporaneous with the old swamp, or later and long after 
coal was formed. Pot-holes and channels m Carboniferous coals were developed even in 
the Glacial epoch and filled with gravel. Coal seams may bo pinched by the upward bulge 
of a relatively plastic clay floor, and may have cracks filled with clay gouge. 

Coal seams are subject to faults and folds; are very often in synrlines (“ basins ”), 
left disconnected by erosion of intervening anticlines, holds may be violent, as in middle 
anthracite fields of Penn, and in Belgian and French areas, (.^oal seams are of all thick- 
nesses from a fraction of an inch to many feet. The thickest single seam, reasonably free 
from thick partings, recorded in America, is at AdavilJe, Western Wyoming, with 80 ft of 
clean coal (except for one parting of 1 in of sandstone) . A thickness of 1 ft is ordinarily 
considered the minimum of workability. 

With increase of ash (20% ash is the u.sual commercial maximum) coals pass into 
“ bony ” coals, then into “ bone ” and into bituminous shale or slate. Foreign matter 
may be minutely interstratified with thin layers of relatively pure coal; or be invisibly 
mingled. If the layers are sufficiently coarse, crushing and washing may greatly reduce 
the ash (Sec 34 and 35). In a cross-section of a good seam can be recognized: bright 
lustrous “ glance ” coal and dull, lusterless “ splint ” coal. The proportions vary, one 
variety may be in great excess. There is a third variety, porous, tender, and often show- 
ing plant structure, called “ mother of coal ” or “ mineral charcoal.” It affords an 
unfortunate place of precipitation for gypsum, pyrite, and other undesirables. The 
sulphur in coal is partly in pyrite, when half passes off in burning; partly in gypsum, when 
all passes into the ash; and partly in sulphurous hydrocarbons. In coking or other 
combustion, roughly one-half the sulphur passes off. 

In geological age coal ranges practically from Carboniferous period through Tertiary. Anthra- 
cite is even reported in remote pre-Cambiian strata of Finland, but no seams of importance are yet 
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known older than Carboniferous The oldest seam in America is in the Pooono sandstone series, of 
the Mississippian (Lower Carboniferous) strata of S W Virginia (Altona and elsewhere). The 
really important coals begin with the Pennsylvanian. In eastern half of North America, they range 
up into the Permian and even Triassic (m Va and N C). In the western U S, coals range from early 
Cretaceous to Pliocene. The Laramie of Cretaceous and Eocene Tertiary are most productive. The 
later coals are often lignitic, especially if in relatively undisturbed strata (55). 

Petroleum series. Coals are residual accumulations; petroleums are evolved, and move 
from their sources elsewhere for storage. The petroleum senes embraces gases, liquids, 
and solids. The chemistry is very complex, but most of the members belong to the marsh- 
gas or paraffine series of compounds, CnH 2 n+ 2 . Up to C 4 H 10 they are gases at ordinary 
temperatures; from C 20 H 42 up they are solids. The gases are called natural gas; the liquids, 
petroleum; the thick, black, tarry liquids, maltha; the solids at ordinary temperatures, of 
tough leathery character, asphalt; the brittle, coal-like substances, asphaltite; the 
natural paraffines, ozocerite. Shales impregnated with bituminous matter are called oil 
shales. They may be rich iri paraffines. (See Sec 44.) 

Natural gases are chiefly CH 4 , but have some higher members, with a little of the 
olefine senes CnH 2 n. niore or less of H 2 S, N, O, CO 2 , and others rarer. 

Petroleums include the liquids at ordinary temperatures. Some are of low sp gr, 
some high. These characters are expressed m degrees l^eaum5, a scale in which 10® 
Beaum6 is sp gr 1. Others are calculated by the formula. (140 -j- sp gr) — 130. Light 
petroleums range from 35® B up; the heavy drop below 20° B. Lighter oils give higher 
percentages of lUummaiits and are the most valuable. Hea\^ oils have an asphalt base. 
Some oils contain sulphur compounds. Malthas are much rarer than petroleums, and 
have different uses, asphalts are employed for paving; asphaltites for varnishes, etc. 

Origin of petroleums. There are two radically different views: the inorganic (now discarded) 
and the 01 game. There is some support for the theoiy attributing hydrocarbons to igneous sources, 
but most geologists favor the organic explanations. These assume original plant or ammal matter 
in the sediments, by decomposition in the rock (T. S. Hunt), or distillation from internal heat 
(J. S Newberry), or, the modern \iew, by bacterial decomposition while freshly deposited, the 
hydrocarbons being later squeezed out of the shales and mud-rocks, by pressure of overlying accumu- 
lations, into porous beds for storage. The latter genesis certainly apphes to CH 4 , but has not been 
proved for oils. 

Storage in the rocks is better understood. The most extensive pools are found under low 
anticlinal folds, in which an imperMous shale rests upon a porous sandstone or limestone, so as to 
imprison the gas and oil, which, from some source of the hydrocarbons rise through tho heavier 
ground-waters and are finally caught beneath the crest. Theoretically, and sometimes actually, 
there is an uppermost layer of gas, a layer beneath of oil, and a bottom layer of water or connate 
brine. Usually either gas or oil rests on brine. Other deposits fa\or lenticular or pod-like bodies 
of sandstone in shales, apparently old sand-bars, or similar accumulations. Prospecting is usually 
guided in recent years by tlie aiiticiinal Mew. The axes of anticlines rise and fall, and pools are thus 
non-continuous along their trend. A very gentle anticline or even a slight monocline may suffice. 
Pools sometimes seem to he tv> one side of the observed autiehnial crest (Sec 44) 

Geologically, the oldest gases and oils are tapped from Ordovician (or Low'er Silurian) strata, 
of which the Trenton limestone is very pioductive m Ohio and Indiana. Higher in the Paleozoic, 
the Silurian (or Upper Silurian), Devomaai and Carboniferous strata are all productive m the 
Eastern States. A sandstone at base of the Coal Measures (Carboniferous) is very productive in 
Illinois, Kansas, and Oklahoma. Cretaceous sandstones carry oil in Wyoming, and Cretaceous 
limestones are the apparent source of Mexican petroleum, ev^en though tapped from overlying 
Tertiary beds. Various Tertiary horizons yield oils in different parts of the world, but the Miocene 
18 especially rich In America are the following fields: Appalachian, I.ima-Indiana (western Ohio 
and Indiana), Illinois, Mid-Continental, in Kansas, Oklahoma and northern Texas; Gulf, in 
Louisiana and Texas, Mexican, in the coastal plum or tierra caliente, west of Tampico and farther 
south, and California. There are many simillcr areas in Colorado, Wyoming, Alberta, and Alaska. 
Trinidad is productive, also Venezuela Abroad, Rumania, Baku on the Caspian Sea, Dutch East 
Indies, and Japan are the chief producers, but some oil has also been found in Germany (56). 

Maltha is a rather unusual product, but appears at times where oils with an asphaltic base rise 
to surface and lose their more volatile constituents. Maltha may impregnate porous sandstone. 

Asphalt, a fnrther stage in the process, may accumulate in pools, or impregnate porous 
sandstones or limestones. Hornet imos oils have risen in fissures and have changed with 
loss of volatiles to brittle substances, suggesting coal. Illustrations: albertite, of N B; 
grahamitc, of West Va; uintaite and wurtzilite, of Utah. Oils with a paraffine base have 
left behind the natural paraffine, ozoceiite, in fissures in sandstone (57). 

Graphite is the final metamorphic stage of all carbon minerals. It appears sometimes 
in pegmatite veins, but more often impregnates sandstones, schists, and crystalline lime- 
stones, from which it may be separated by concentrating the light components (68). 
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26. MISCELLANEOUS NON-METALLIC MINERALS 

Gems are objects of mining, but the geological relations are very diverse. Diamonds seem to 
be original crystallizations in very basic igneous rocks, in South Africa and in westein Arkansas. 
They are elsewhere obtained from placer deposits. Sapphires may be in contact zones, or com- 
ponents of an igneous dike, as at Yogo, Mont. Beryls are pegmatite minerals, but the variety 
emerald may be in contact zones. Turquoise appears in small veinlets in various locks, where 
copper salts have circulated. No brief summary can include more than a few of the widely con- 
trasted associations (.59). 

Graphite (see Carbon Minerals). 

Gums (see Carbon Minerals). 

Gypsum (see Salines). 

Mica, in commercial quantities, occurs as a constituent of coarsely crystallized pegmatites; 
both muscovite (white) and phlogopite (amber) are utilized, the former produced mainly in India 
and N Carolina the latter in Ontario and Quebec provinces, Canada. Market requirements arc 
(a) minimum size of rectangular trimmed sheet, 2 sq in (larger sizes bring higher prices). Demand 
for pulverized mica 18 amply supplied by trimmings from sheet-mica mines. (6) Softness, the softer 
the mica the better adapted it is for electric commutator insulation, (c) Freedom from inclusions, 
which are generally iron minerals and dimmish insulating properties, (d) Flexibility. Value of a 
given mica can be ascertained only by subimtting samples to a dealer. Electrical manufacturers 
are the largest consumers. 

Limes (see Building Stone). 

Natural Gas (see Carbon minerals). 

Ozocerite (see Carbon Minerals). 

Paints (mineral paints, pigments), or the bases for them, are sometimes the object*^ of mining. 
Practically all are minerals of iron, Limomte, deposits containing iron carbonate, and red hema- 
tite, are all utilized. The crude product is usually calcined to insure uniformity of color or shade. 
Fine clays stained with limomte yield ochers. Barite and even refuse slate are ground lor “fillers ” 

Petroleum (see Carbon Minerals). 

Phosphates are dug or quarried for fertilizers. They are of 2 kinds, (a) Crystalline 
apatite, which generally appears on borders of igneoins intrubive rocks and is o.spocially 
associated with pre-Cambrian limestones, along the Ottawa River in Ontario and (^uelieo. 
Apatite in different geological relations is obtained as tailings in magnetic concentration 
of richly phosphatic magnetites, at Mineville, N Y (h) Earthy phosphates, such as 
fossil bones, coprolites, and replacements of CaCOa in liiriestones by phosphate of lime. 

Along the .seacoast of South Carolina, Tertiary beds have long been dug for fossil phosphate.s 
and replaced limestone nodules. More recent discoveries of Florida rock phosphates, and of pebble 
phosphates in deltas in the drainage of rock-phosphate aie.as, ha.e afforded very low'-rost pioduct. 
In the Peace River, Fla, is done much dredging and concentration similar to that m placer gold 
deposits. Beds of rock phosphate in sedimentary scries base been still more reeintly discovered 
and utilized in Tennessee. Other beds have been discoveied by pro-.pectois in N E Utah, but have 
been withdrawn from location by the Federal Government These phosphates form interstratified 
beds, probably produced by reaction upon limestone of pho.sphoric acid from organic remains. 
Guano, formed by the droppings of wild-fowl in regions of slight rainfall, i.s now practically 
exhausted (60). 

Resins (fossil) (see Carbon Minerals). 

Salines. When circulating ground-waters have traversed rocks containing alkali 
salts, and have afterwards been impounded and evaporated to dryness, or when bodies of 
sea water are isolated and evaporated, the dissolved salts are precipitated in the inverse 
order of solubility. From sea water, gypsum yirccipitates first, then common salt, and 
then rarely the le.s.s abundant potassium salts. In geneial, potassium-bearing final 
mother-liquors seem to have escaped, or else their very soluble precipitates wore removed 
in next inrush of salt water. 

From isolated bodies of the ocean, cut off perhaps by a barrier cast up during a storm, relatively 
thin beds of salt and their associates have been derived. Thick beds of hundreds of feet in section 
are difficult to explain in this way. A substitute explanation is the “Bar Theory” of Ochsemu.s. 
A deep estuary is assumed to be isolated by a broad bar from the open sea. Evaporation on the 
bar leads to the passage down inner side of bar, of heavy concentrated brine, until salt is deposited 
in the estuary’s depths. Thick beds may also be precipitated in salt lakes, in deep depressions 
without outlet, yet so situated as to be fed by salt-bearing streams Great Salt Lake is an illus- 
tion. Salt deposits at Petite Aiise, Louisiana, and elsewhere along Gulf of Mexico, appear in 
columnar or chimney-like form, crossing sedimentary strata as great oylindnoal masses, above 
which are domes or mounds, and around which the beds turn up. These are best explained by 
uprising salt springs and the expansive force of growing crystals, which may have thrust the strata 
aside and upward. Important beds of potassium salts occur in the Htassfurt region, western 
Germany, and large deposits have been found in the I’erniian rocks of New Mexico and Texas. 
Beds of Na 2 S 04 are not infrequent in arid regions, and Ifess often waters or even beds charged with 
Na2C08 and sodium and calcium borates, likewise occur m a few districts (as southern California 
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and western Nevada), where local drainage contains these rare salts. The soils of the northern 
Chilean desert have become charged with sodium nitrate, also in a few other and localities (61) 

Borax is obtained, by chemical treatment, mainly from 2 minerals: boracite, occurring 
in fumarolcs in northern Italy, and in dry-lake deposits in many desert regions of the 
world, and colemanito (borate of lime) occurring as beaded saline deposits in southern 
Califoinia. More recently, Kernite (Na 2 B 407*41120), has been found in great quantities 
in tabular deposits in the Mojave desert region of Calif. 

Sulphur. In native state, sulphur is found in 2 types of deposit: (a) In or near volcanic 
craters, expiring or largely dormant. Emitted as vapor, sulphur condenses on walls of 
cavities and impregnates porous tuffs and breccias. It is possible, but not highly probable, 
that SO 2 and H 2 S when mingled hot react to deposit sulphur, (h) In association with 
gypsum in sedimentary strata, as in Sicily, Louisiana, and Texas. The sulphur was 
formerly believed to result from reduction of gypsum (CaS 04*2 H 2 O), by organic matter 
in circulating ground-waters. There is at present a disposition to refer it to minute organ- 
isms now known to secrete elementary sulphur, and to favor its precipitation amid deposits 
of decaying organic matter, at bottom of certain bodies of water. Gypsum is a universal 
associate (G2). The sulphur deposits in Louisiana and Texas occur with limestone, in 
the capping above salt domes. 
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This section deals only with open-cut excavation, embankment and dredging. For earthwork in 
tunnels, shafta or caissons, see Sec 0, 7, 8. Mechanical details, methods of work and equipment 
are given only to the extent that their usefulness to the project may be judged. Horse-drawn 
vehicles for moving earth have been largely replaced by mechanical equipment; for data on this 
subject, see Art 5 of the Second Edition; also, Sec 27. 


3^1 



EARTH EXCAVATION 

1. ECONOMICS 

Factors in economical handling of earth: (1) organization and management; (2) 
effic of workmen; (3) type, condition and interchangeability of equipment; (4) lost time; 
(5) weather conditions. Wet or freezing weather adds to costs of handling and transport; 
freezing may convert loose earth into a solid mass, and thawing, into sloppy mud. Lib- 
eral allowances should always be made for lost time. 

Management. Labor-union restrictions. Examples: a truck driver can do no 
other work, an oiler is paid for double time if he must wait until a power shovel is idle 
after 6PM; these and similar regulations add greatly to costs and must be provided for 
in estimates (For extent of unionization, see Eiig News Record, Jan 24, 1937, p 943) . Coor- 
dination between loading, transport and dumping is essential to effic. Much small-scale 
work must still be done by hand or minor equipment, at relatively high unit cost. It is 
important that sizes of shovels are economically correct, that picks are sharp, and that 
rest periods are coordinated with work of equipment units. 

Costkeeping. Much equipment used m earth moving is utilized also for moving rock, 
handling concrete, etc. The cost of equipment should be apportioned to its several uses. 

Comparative cost data of other jobs should be used cautiously; allowances should l)e 
made for date, locality, length of haul, horse or motor etpiipment, labor conditions and 
unionization, delays due to rock, structures or traffic, and the character of material. 
Soils differ greatly in wt, cohesiveness, capacity for holding water, natural slope under 
quiescent loads, and final slope under moving loads. 

Lost time. Construction may be discontinued m winter, only because it costs more. 
Kain and mud, next to wunter idleness, are the chief causes of lost time, due to storms 
and waiting for ground to dry. Water-soaked soil hampers work by increasing weights to 
be handled, and hindering movement of men and machinery. 

Saturation affects soils differently, sand and gravel give a firiner footing ^\hen wet; clayey soils, 
gumbo and alluvial silt become mud. Drainage should be provided to divert surface water from 
workings, or dispose quickly of that which enters. Employ machines capable of traveling over soft 
ground; provide equipment that can operate say a third of the time in rainfall, or in water-soaked 
material. 

Machinery maintenance. Failure of any one machine may mean stoppage of others. 
One man should be in sole charge of maintenance. W ith a dozen or more machines, he 
should have a special repair and blacksmith shop, welding eciuipment and all necessary 
tools and spare parts; for small tools, duplicates should be kept on hand. In the Culebra 
cut of Panama Canal, machine shops mounted on cars were highly piofitable in keeping a 
large fleet of steam shovels in repair. Inspection of machinery, oiling and other routine 
servicing may well be done at lunch time, between shifts, or at night; if not done in 
working hours, unions demand payment for overtime Motor trucks may be required 
to report regularly to gasolene stations having water, compressed air, oil and tires For 
less mobile machines, as power shovels and cableways, supplies should be delivered by 
trucks on regular trips. Road maintenance is especially important now that rubber tires 
are widely used. Roads should be kept well surfaced (19). 

Economics of power shovels (1). In earthwork handled by machinery the following 
principles are fundamental: (a) the shorter the time requiied to fill dipper and the longer 
the arc of swing to dumping point, the more important is size of dipper or bucket, width 
of cutting edge, and ability to fill it properly; (6) effort should be mafle to increase both 
number and size of bucket loads; (c) operating cycle comprises, loading time, swinging 
and dumping time, time to return bucket to loading point. Time losses can be reduced 
by moving trucks or cars forward during cycle of dipper or bucket operation; (d) height 
of lift should be minimized. In bucket-crane work, the shortest feasible length of boom 
should be used, with minimum arc of swing; (e) if digging is hard, blasting is done when- 
ever its cost is less than that which would be due to delays to shovel and hauling equip- 
ment, plus extra repairs to shovel; (/) every organization should determine its output 
multiplier, which depends upon management of work, placing, handling and upkeep of 
equipment, balance maintained between the types of equipment used, effic and coordina- 
tion of personnel. 

Choice of equipment. No definite rule applies. Equipment for doing work at lowest 
cost depends upon: investment for capac sought; labor and operating cost; facility of 
instructing operating men; adaptability to future work (ignored if equipment will not 
survive the job). To minimize loading cost, use self-loading machines where soil condi- 
tions permit. Self-loaders cannot be operated in rocky or sticky soil, in soils with stumps 
and roots, or below water line, Scarifying certain hard soils (Art 4) prior to loading may 
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bo required, especially for large self-loading scrapers (2). For data on depreciation op 
EQUIPMENT, see Contractors & Engineers Monthly, July, 1931. 

Time losses of power-shovels. Studies by Keystone Driller Co list as unavoidable 
losses: checking grade, moving, blasting, broken cable, mechanical trouble, stumps and 
roots, frozen material; as avoidable losses: insufficient supply and inefficient operation 
of hauling units, inefficient operator, refueling. 

2. SOIL PHYSICS AND MECHANICS 

Recent studies (3-6) are of value respecting: (o) slopes for unsheeted excavations; 
(6) closeness to which excavation can be carried to a building; (c) distance or width 
of berm between working face and spoil bank; (d) water required for backfilling; 
(e) degree of compacting and settlement to be expected in rolled earth embankments; 
(/) suitability of material for hydraulic fill dams; {g) design of sheeted trenches. 
“Soil mechanics in present stage of development can be more a liability than an asset to 
an engineer, unless he has initiative and opportunity to keep abreast of latest develop- 
ments by personal contact" (6). 

Classification of soils by U S Bur Public Roads is based on plasticity, moisture equiva- 
lent, gram size, shrinkage and swell. 

Aver increase of vol of earth when first loosened: clean sand and gravel, 14%; loam, 
loamy sand or gravel, 20%; dense clay and dense mixtures of gravel and clay, 35%; 
unusually dense gravel and clay, as from river beds, 50%. 

Voids. If hard spherical grains 
are thoroughly compacted, the voids 
amount to 26%; if massed as loosely 
as possible, the voids are 48%. When 
measured loose, pit sand or gravel has 
35 to 40% voids. JSand of uniform 
size has 45% voids, measured loose, 
but only 36% when watered and 
rammed. Umform pebbles have 44% 
voids measured loose; 39% when 
watered and rammed. Clay allowed 
to settle in water has 50 to 79% 
voids; measured loose in the ordinary state, the voids are about 60% (1). 

Quicksand is a hydraulic condition of granular material, where there is suffiicient 
movement of ground water through it to lift the particles, so that they tend to flow upon 
one another. Fine-grained sand becomes “quicksand" much more readily than a coarse 
sand. 


Table 2. Average Weights of Soils 


Soil 

Condition 

Lb per 
cu ft 

Lb per 
cu yd 

Soil 

Condition 

Lb per 
cu ft 

Lb per 
cu yd 

Sand 

Wet 

122 

3 294 

Clay . 

Loose, dry 

70 

1 890 

Sand 

Dry! 

100 

2 700 

Clay 

In place 

116 

3 132 

Sand 

Packed 

1 10 

2 970 

Clay .. 

Compressed 

130 

3510 

Gravel 

Wet 

125 

3 375 

Clayey earth. . . 

Rolled dry 

no 

2 970 

Gravel 

Dry 

112 

3 024 

Mud . . . 


112 

3 024 


Angle of repose. The face of a mass of earth when exposed for a time to the elements 
assumes a natitral slope, the angle of which with the horizontal is called the angle of 
REPOSE. Values in Table 3 are average, in cohesive materials, they may change markedly 
when the water level against a saturated slope is rapidly lowered (7). Slopes may slough 
due to seepage toward an open cut, and may change when height and wt of bank become 
great enough to displace underlying materials. 


Table 3. Slopes and Angles of Repose 


Kind of earth 

Slope of 
repose 

.\ngle of 
repose 

Kind of earth 

Slope of 
repose 

Angle of 
repose 

Sand, clean, loose 

1.5 

1 

340 

Clay, wet . 

3.5: I 

16® 

Sand and clay, loose .... 

I 33 

1 

370 

Rock, hard (riprap) 

1 : I 

45® 

Sand, wet 

2 5 

1 

22® 

Sand, clay, gravel (suction- 



Gravel, clean, loose 

1.33 

1 

370 

dredged) 

2: f 

26® 

Gravel and clay, loose 

1.33 

1 

37® 

River mud (suction-dredged) . 

3: 1 

18® 

Clay, dry, loose 

1.33 

1 

37® 

Gravel and sand on shores. 



Clay, dry, natural 

1 

1 

45® 

exposed to waves 

7.5: 1 

7.5® 


Table 1. Voids in Different Soils 


(D C. Henny) 


Soil 

Percentage of voids 

Loose 

Compact 

Wet- 

rammed 

Surface (organic) 

59 

49 

44 

Fine subsoil 

54 

43 

45 

Gravel . 

42 

37 

34 

Coarse subsoil 

55 

49 

46 
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Stability of cohesionless materials (6). There is a rather wide range of uncertain 

behavior between the loose unstable 
and the compact stable state. Shear- 
ing RESISTANCE OF SOILS, important 
in all problems of stability, is influ- 
enced largely by water content (Fig 
1, 2). In general, it depends upon 
combined effect of cohesion and in- 
ternal friction, the cohesive resistance 
being independent of any applied 
pressure. Tests to measure shear re- 
sistance may be made by the Krey 
shearing box, obtaining values for 
cohesion and angle of internal fric- 
tion (8). 

Landslides and slips are often due 
to geological causes, such as unfavor- 
able strata with moist surfaces. Con- 
ditions leading to landslides: (1) cuts 
in tilted strata on downdipping side 
of sandstone, limestone and solid 
shale beds; neaily vert face left in 
cut in shale or sandstone, from which 
material is precipitated by frost action, 
or slippage on interbedded seams of 
water-softened clay; (2) accumulations on hillsides of clay silt from decomposed rocks 
which become fluid when wet; (3) 
beds of jilastic clay not far below 
surface; (4) plastic clay coatings 
formed on slopes beneath detritus 
by wetting and softening of shales. 

Water lubricates surfaces and in- 
creases wt of materials. A homo- 
geneous soil may slide when geo- 
metric shape of the mass becomes 
unstable, as when a trench reaches 
a certain depth. For each angle 
of slope there is a max height where 
part of the mass slides along a 
surface, which is always curved, 
never plane (5) . 

Slips in embankments resemble 
landslides. The principal soil pio- 
perties governing safety of embank- 
ments are: shearing resistance; 
coef of permeability; difference in 
consistency between undisturbed 
and remolded states; and extent 
of stratification and fissures, 
which influence creation of hy- 
drostatic pressure (6). Compac- 
tion is aimed to control shearing 
resistance, stratification and per- 
meability (Art 9). 

Corrective measures against 
landslides. Ordinarily, removal 
of the shifting material is too 
costly. Good drainage is first 
preventive. Landslides have been 
halted by draining away the water; 
more effective than piling, blast- 
ing or rock-facing slopes (9, 11). 

From 1931 to 1934, slides and 
slips of embankments caused 3 000 

deaths in 13 major disasters, and cost millions of dollars (13). 



Fig 2. Displacement and Volume Change, as Functions 
of Shearing Stress of Sands 



(a) Denso sand before 
shearing 


(b) Dense sand expanding 
during shear 



(d) Loose sand or fine 
grained soil compiessing 
duiing shear 

Fig 1. Effect of Shear on Volume of Sand, 
Shown by Gram Rearrangement 


(c) Loose sand or fine 
grained soil before 
shearing 
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^Shrinkage of embankments has long been a subject of discussion, due to lack of experi- 
mental data and of an accepted meaning of the term. Shrinkage may be expressed as the 
relation of: vol of fresh fill to that of the same fill after settlement; or, as the vol of an 
excavation to that of the settled fill made from it. A cu yd of earth measured in place 
will occupy less space ultimately in compacted embankment. The usual allowance for 
shrinkage, 8-12%, does not apply to gumbo, cemented gravel, or materials from beds of 
streams, all of which are dense, and their shrinkage can be determined only by actual 
measurement. Investigations by “Bur of Valuation,’’ of Interstate Commerce Comm, 
indicate that 9.1% is a minimum, and 14.4% is a closer final aver. These figures were 
modified by a Comm of the “Railroad Presidents’ Conference’’ which, on basis of 12 million 
cu yd of earth embankment, found an aver of 10.4% initial shrinkage (Table 4), and, after 
complete settlement, 14.4% (see Eng News-Rec, Mch 10, 1921, p 434). 


Table 4. Shrinkage of Earth in R R Fills, as Determined by Measurement and by the 
Rule of “Bur of Valuation,’^ Interstate Commerce Comm (18) 


Railway 

State 

Material 

Shrinkage 
by measure- 
ment, % 

Shrinkage 

1 by the 
! rule, % 

: Method of 
construc- 
tion 

Vol. of 

1 excavation, 

I cu yd 

111 Cent. 

III 

Dune sand, fine and dry . 

8 81 

9 1 

1 A 

256 408 

Nor & West 


Light clay, considerable sand. 







some mica 

8 &-9 7 

9 1 

C, D 

124 059 

Cent Vt 

Jil 

Fine, dry sand 

7 77 

9 1 

1 A 

96 767 

Nor & West 


Some quicksand . ... 

10 3 

9. 1 

C, D 

77 120 

So Pac 

( )re 

Silt and coarse gravel, bot- 







tom of large fill . . 

10.3 

9 1 

B, C, D 

64 160 

Nor & West 


60% dry sand 

6 1 

9 1 

C, D 

44 360 

So Pac 

Ore 

Clayey silt, gravelly in spots 

10 1 

9. I 

B 

31 660 

So Pac 

Ore 

Cemented maternal, clayey, 







mostly cuts; 2 5% rock in 






i 

fill. . 

15 1 

8.6 

E 

26 781 

So Pac . . . 

Ore 

Borrow-pit earth, very clayey 

1 8 

9.) 

B 

11 016 

So Pac . . 

Ore 

Clayey silt . . 

11 1 

8 7 

A, C 

9 648 

So Pac 

Ore 

Very clayey ... .... 

3.5 

9.1 

C. D 

5 572 

Cent Vt. . 

R T 

Stiff blue clav 

12 27 

9 1 

A 

3 047 


A Unloadf'd from trestle B Teams and scrapers C Steam shovels. D. Dump wagons. 
E Carts and horse-drawn cars, dumped from sides and ends of fills. 


3. EARTH-MOVING EQUIPMENT (17) 


Operations: (1) loosening surface; (2) loading; (3) transport and dumping; 
somotiines (4) coiupacting. For uoosening hard ground, scarifiers, rippers, rooters, 
dipper shoveK, backhoes and skiininers, pneumatic spades, dredges, steam jets, ex- 
plosives, and hydraulic sluicing. For loading, mechanical shovels with clamshell or 
dragline dippers, push shovels, backhoes, elevating graders, cableways, belt conveyers. 
For transport, wheelbarrows, carts, trucks, cars, graders and scrapeis, cableways, 
conveyers, hydraulic sluicing. For compacting: rollers, vibrators and drainage operations. 

Hand labor and horse-drawn vehicles have been generally superseded by mechanical 
equipment, except for minor operations. For large-scale work, the trend is toward com- 
plete mechanization. Cars and trucks are usually mounted on low-press pneumatic tires, 
involving more attention to haulage roads. Power scrapers are more used on short-haul 
work, and tlieir radius may be extended. Diesel is supplanting gasolene power for all 
except very small units (17). 

Hand work. Few soils can bo shoveled without picking or plowing. Light blasting 

is often advantageous. ^ 

Picking is costly. Table 5 shows fair aver 

duty per man-hr (19). 

A man shovelmg 1.4 cu yd per hr of the loosened 
material mentioned m Table 7 can handle only about 
half that amount if he does his own picking. 
Advantage of cheaper means of loosening is obvious. 

Plowing is satisfactory for preceding shovel 
or smaller scraper work. Table 6 shows fair 
aver duty of horse-drawn plows. 


Table 6. Rates of Picking, 
Cu Yd per Hour 


Stiff clay or cemented gravel.. 

1 4 

Strong heavy soils 

2 5 

Loam 

4 

Light sandy soils 

6 
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Table 6. Rates of Plowing 


Soil 

Labor 

Cu yd per hr 

Loam 

1 driver, 1 holder, 2 horses 

50 

Gravel and loam 

1 “ 1 “ 2 “ 

35 

Fairly tough clay 

1 “ 1 “ 2 “ 

25 

Very hard soil 

1 “ 1 “4-6 “ 

15-20 

Ordinary soil | 

2 men on plow beam of rooter plow | 

1 driver, 6 horses, on gang plow j 

40 


Wheelbarrows, of wood, steel or aluminum alloy, generally have steel wheels, some- 
times pneumatic tires; the latter, with large-diam wheels, reduce traction on soft ground. 
Loads are 2-2.5 cu ft. The lightest barrows weigh 35 lb, empty; the larger, over 90 lb. 
The man holds 1/5 to 1/3 of the load (17). 

Carts. One-horse, 2-whoeled, dump carts hold 0.3-0.5 cu yd. On ordinary road loads 
seldom exceed 0.4 cu yd (place measure). With hauls of 300 ft or less, 1 driver can attend 
2 carts by taking one to the dump while the other is being loaded. Cost of cart work 
per cu yd = 1/20 hr wages of team, driver and helper on plow; + 2/3 hr wages of labor 
shoveling; -f i/j hr wages of cart horse and driver for “lost time”; + V20 hr wages of cart 
horse and driver for each 100 ft of haul. 

Wagons. Horse-drawn, bottom-dump wagons have nominal capac of 1-2.5 cu yd. 
Speed of travel per min (not including delays and rests) : poor roads, 130 ft; fair dirt 
roads. 175 ft; best roads, 220 ft. 


Table 7. Loading by Shoveling 


Method 

(’ll yd 
per inan-hr 

Authority 

Mud into wheelbarrows . , 

0 8 

M Ancelin 

Gravel “ “ ... 

1 7-2 7 

" 

Earth “ “ . . 

1 6-4 8 

" 

“ “ “ , aver 

2 2 

“ 

“ “ “ . . 

2 8 

Gillespie 

Earth (all kinds) into wagons I 

2 I 

Cole (a) 

“ . . . . 

2 0 

D K Clark 

Sand into cars from high face. 

1 8 

Gillette (6) 

Plowed gravelly soil into wagons .... 

1 3 

“ (c) 

Iowa soil 

1 5-2 0 

J. M. Brown 


2 8 

“ id) 

Clay and gravel into carts ... ... 

1 0 

E. Morris 

Loam into carts 

1 2 

“ 

Sandy earth into carta 

1 4 

“ 

Loose sand into carts , . 

2 0 

G A. Parker 

Clay, tenacious, Chicago. . . 

1 25 

ie) 

Ilardpan into low dump cars 

1 5 

Gillette 

Aver earth “ “ “ “ 

1 75 

“ 


(a) 10 miles, Erie Canal, (b) 10 000 cu yd bank measuiemeut. (c) 20 000 cu yd m embank- 
ment. (d) A rush job. (e) Spaded out and handled with forks. 

Railroad cars. Air-dump cars must discharge their loads quickly, with as small air 
press and consumption as possible, and leave dumped material so that the cars can be 
righted and backed promptly, with minimum labor for track shifting and incidental work 
at dump. Car should be simple in design, rugged in construction, with few opei at mg parts, 
all easily accessible (19). 

Industrial railways are for extensive hauling over a long fixed route, as for R R con- 
struction, highways, dams, tunnels, aqueducts, large ditches and canals. Greater flexi- 
bility is obtained by use of locomotives, though grades of over a few per cent seriously 
limit wt of cars hauled. Track gage is usually 18, 24 or 36 in; some 42 in. Rails weigh 
8-20 lb per yd, and are in 20, 30 or 33-ft lengths. Second-hand rails and ties often 
serve for short job. Portability of track is important where there is much shifting and 
relaying. Light track is economical, in which ties and rails are assembled in lengths of 
15-20 or even 30 ft, that can be carried by 2 or 3 men; with curved sections, switches and 
turntables, and joints readily fastened and unfastened. Units can bo laid on firm ground 
with little if any grading. Ties may be of wood, but steel saves shifting t'me (19). 

Track grades. If a locomotive alone can operate on 8% grade, it will haul a train of 
lie own wt on only a 4% grade. Hence, practicable grades are determined by the relation< 
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(grade % X wt loco) 4- (wt loco + wt of loaded train). Under favorable track conditions, 
the operation of locomotives may approach theoret fric coef, but a little water or grease 
on rails seriously reduce its tractive power (see Sec 11). 

Tractors (see Sec 27) are mounted on caterpillars or rubber tires; draw-bar pull, up to 
22 000 lb in first gear. Rubber tracks, claimed to be good for 5 000 miles, are offered in 
place of metal. Principal tractors (1039;; International, Caterpillar, Cletrac and Allis 
Chalmers. Horsepower, 22-96; the smaller sizes have gas or Diesel drives; the larger, 
Diesel only. Wt, 5 000 to over 30 000 lb, but unit ground loads for crawler-traction are 
limited to 6 lb per sq in. Draw-bar pull varies with speed, grade and ground conditions. 
Load should not exceed 75% of max diaw-bar pull of tractor in second gear (2). Allis 
Chalmers, Model I-U, is a fast, powerful wheel tractor for hauling and road building at 
low cost. Speeds, 21/3-25 miles per hr. Operating costs. Studies of Dept of Agri- 
culture, Cornell Univ (1935), on about 70 machines, of 16-30 brake h p, showed costs from 
25^ to $1.12 per hr; aver 50-70^^ (19). 

Motor trucks for earthwork are power-dumping. Nominal capac, 1.5-18 cu yd. The 
rear end may have wheels or caterpillar traction. 

Dump trucks. Speeds were foimerly kept down by governors to about 15 miles per 
hr, but are now generally unrestricted. Wt, 11 000-14 500 lb, h p, 75-100. Recent 
special types ("dumptors” and “iron mules”) have a short wheel-base, making possible 
quick turns within 15 ft, driver sits behind body and has unobstructed view to rear for 
reverse running; speed, 10-13 miles pei hr in high gear and 3.5-4 in low, in both forward 
and revel se gear (19). Power. Steam has been mostly replaced by gasolene and Diesel 
engines. Diesels have higher first cost and more complicated mechanism, but use cheaper 
fuel and 1 / 2 - Va the quantity required by gasolene machines. Elec operation is sometimes 
employed for laige-scale work. 

Crawler wagons, developed since 1920, are desirable in soft, wet ground, where soil is 
sticky. They roll and smooth the road surface, instead of cutting it into ruts, as is done 
by motor trucks. As many variable factors affect wagon operation, cost estimates must 
be conservative. Skill of operators of the loading machines, and the wide variations in 
character of the material excavated, directly affect yardage output. For crawlers hauled 
by tractors, costs are: 5-cu yd wagon, 45fi per hr, 10 to 13-cu yd wagon, 69^ per hr, exclud- 
ing deprec (2). 

Pneumatic-tired, bottom-dump wagons, of 20, 25 or 30-cu yd capac, will haul greater 
distances, at lower coat, than crawlers or other equipment, providing scale of work justifies 
the investment, and road surfaces are good, with grades less than 5%. A Cletrac No 80 
tractor, with 25-yd wagon, will haul an aver of about 72 cu yd per hr to a distance of 
2 000 ft, the rate of work being affected by size of shovel, skill of operator, extent of swing, 
veit lift, and soil conditions. A 25-yd wagon costs about $8 750 f o b; cost of operation, 
about 84f4 per hr, including deprec (2). Two wagons are sometimes hauled in tandem. 

Scrapers drawn by tractors can dig economically to depth of 24 in and transport 
several hundred ft, provided ground has been cleared and grubbed (Art 4) and is free of 
boulders. There are many forms; as wheeled and carryall scrapers, bulldozers, trail- 
builders, self-loading wheelers. Limit of haul, 200 to about 1 400 ft (2) (see also Sec 27). 

Graders have a cutting blade between front and rear wheels. Capac, 1-12 cu yd. 
They may bo pulled by tractors of 15-SO hp, or propelled by their own power (usually 
al)Out 50 h p). Mounted on 4 steel wheels, or 4, 6 or 8 rubber-tired wheels. Blade or 
moldlxiard, 7-16 ft long, 12 ft being usual, with a height of about 18 in, is adjustable in 
height and tip. Wt, from 1 400 lb for towed graders, to 17 000 lb for power machines. 
Speeds of power graders, usually 2 miles per hr in low gear, 19 miles in high gear, with two 
111 tei mediate gears and reverse (2). 

Bulldozers are tractor scrapers with a very strong blade, arranged to bo lifted 3-3.5 ft, 
and lowered 5-6 ft below ground level. Wt, 3 500-6 000 lb, Capac when loaded for 
shoving, 2 -4 cu yd; h p, 30-70. Speeds, 120-240 ft per min. After depositing load, return 
is made with blade raised, at about 240 ft per mm. Cost, $750-$! 825, fob. The blade 
IS movable only up and down. “Trailbuilder” blade can be angled horiz, vert or moved 
up and down (2). Cost, $900-$2 750. 

Carryall scrapers, on pneumatic tires, pick up loads singly or in tandem, and travel at 
high-gear speeds. They are operated by a power-control unit, which obtains power from 
tractor drive shaft and transmits it by cable to the working parts. Single carryall scrapers 
require 2 drums; cable from one drum raises or lowers bowl in loading and unloading, the 
other operates front apron and tailgate in unloading and spreading. For tandem opera- 
tion, a 4-drum unit is needed (2). Lb Tourneau carryall is mounted on large pneu- 
matic tires, and has Timken bearings. Alloy steels of great strength and resiliency are 
used, minimizing the wt. Capac is large because: (a) the expanding bowl carries the soil 
back into the bucket during loading, so that the tractor can put more effort into cutting ; 
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(6) entire wt of body can be applied to the cutting edge; (c) front apron, tailgate and 
telescoping bucket facilitate loading; (d) the operator can instantaneously adjust cutting 
depth, or raise the blade to avoid stumps or rocks, or avoid stalling motor in deep cuts. 

Self-loading, single-unit scraper will load seamed rocky material without blasting. 
It is adapted to hauls of 500-2 000 ft. Sizes, 5, 6, 10 and 12 cu yd when heaped. Cost, 
$2 400 for 5-yd size to $5 225 for 12 yd, fob. 

Self-loading wheel scrapers are adapted to longer hauls than ordinary scrapers; up to 
200-1 000 ft. Capac is small, 1.5 and 2 cu yd. They are hauled singly, in tandem, or, 
under favorable conditions, in threes. Cost, $800-$! 150, f o b (2). 

Fresno scraper, the oldest type of wheel scraper, was formerly drawn by horses, now 
usually by tractors. Capac, 0.75-3.5 cu yd. Cost (1938), $130~$450. 

Spreaders. Western spreader car is hauled on 30-in track by locomotive. Designed 
for spreading material dumped from R R cars. Body and frame are of wood, strongly 
braced and ironed; trucks, of I-beams. It has steel-faced oak wings or blades, 15.5 ft 
long, with removable cutting edges, and will spread 7 ft from outside of rail. Long wheel- 
base of Model U carryall, with split-second cable control, gives great accuracy in spreading. 

Belt conveyers (see Sec 27 for details of construction and applications). For earth 
work they are important as accessories to dredges, trench excavators and elevating graders. 

Power shovels (Fig 3) were first mounted on crawlers instead of R R trucks in 1911. 
In 1939 practically all except those for R R service have crawler mountings, which exert 
bearing press on ground of only 0.72-1. OS ton per sq ft, and require no auxiliary mats. 
Dippers usually have capac of 2-3.8 cu yd; occa'^ionally up to 15 yd. Manganese steel 
is largely used for lips and dipper teeth. By welding to the teeth hard wearing surfaces 
of steUite, or an alloy of cobalt, chromium and tungsten, life is increased more than ten 
times. Buckets are self-filling (clamshell or orangepeol) ; or hand filled (turnover or 
bottom-dump). The orangepeel may exeit more digging force and is heavier than the 
clamshell. Capac, 0.5-3 cu yd, corresponding weights 2 000 and 7 000 lb. Clamshells 
of 16.5 cu yd have been built. Turn-over buckets hold 0.5-1. 5 cu yd, shape, cylindiical 
or cubical. Exact placing of material is impossible with them. Bottom-dump buckets 
are of 1-3 cu yd; seldom used. Dredge buckets can be used with any type of engine 
having 2 drums. Advantage of orangepeel or clamshell bucket on a crane over a dipper 
shovel is that there is practically no limit to digging depth, whereas the depth for dipper 
shovel is limited (Fig 3). 

Excavators with booms. Most power shovels with dippers smaller than 2.5 yd have 
interchangeable booms, so that with delay of a few hours they can be converted m the field 
to plunger shovel, a backhoe, dragline, or clamshell. Plungers are lighter than dippers 
of same capac and hence have greater cycle speed. Dipper shovels fill buckets by a 
“crowding” (pushing) motion; backhoes (backdiggers, pullscoops, ditchers), by pulling 
toward the machine, the bucket being thrust forward by an auxiliary handle. Skimmers, 
plungers and scoops fill bucket by pulling it away from shovel under the boom by a cable, 
and carry load to dumping point by raising and swinging the boom. Opeiations are more 
restricted than those of a dipper shovel. See Sec 27. 


Table 8. Operating Speeds, in Seconds, of Dipper Shovel 



Loading 

Swinging 

Dumping 

Returning 

Total 

Maximum 

16 

7.5 

5 75 

7 25 

36.5 

Average . 

9 6 

6 0 

2.4 

6 2 

24 2 

Minimum 

7 

5 25 

2 

5 5 

19 75 


Minimum may bo expected in poorly blasted rock and max m dry earth (21). 

Table 9. Digging Radius of Revolving Shovel, 24-ft Boom; 14-ft Dipper Handle; 
Caterpillar Tread; 1 yd Dipper (Fig 3) 


Boom angle 
with honz, 
deg 

Height of 
dump, 
dipper door 
open 

A 

Radius of 
dump 

C 

Digging 

radius 

D 

Radius 
floor level 
cut 

E 

Center 
rotation to 
point 
to boom 

G 

45 

14' 2" 

23' 6" 

26' II" 

19' 9" 

21' 11" 

55 

17' 2" 

21' 3" 

25' 3" 

16' 7" 

18' 9" 

60 

18' 6" 

19' II" 

24' 5" 

15' 0" 

17' 0" 


Clamshells smd orangepeels, suspended from a crane, fill the buckets solely by dead wt 
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Fig 3, Power-shovel with Dipper 
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and impact; dragline fills by the pulling motion of cables toward the machine. Modern 
equipment is designed for quick change from clamshell to dragline. 

Push shovels can dig compact soil, where draglines, clamshells and orangepeels would 
be uneconomical. Their “crowding” motion is of first importance. “Hill-Billy” 
(Insley Mfg Co, Indianapolis) will work on steep hillsides. Back-hoe (pullscoop, or 
trench hoe) is an inward-arc digging bucket, carried by a handle pivoted on a boom, and 
dumps by raising handle until contents discharge by gravity. It is used for excavation 
below grade; especially adapted to trenching. Capac, 0.75-2 cu yd. Will dig to depth 
of 25 ft, but can be swung horiz like a shovel for excavating level areas. It can cut through 
hard slate, shale, blasted rock, or a foot of frozen soil. 



A (angle of boom) 

20 ^ 

30° 

40° 

50“ 1 

B (clearange lift of 3/4 yd bucket) 

I V 

10 " 

19' 5" 

26' 2 " 

32' 

0 " 

C (radius of boom) 

46' 

7" 

43' 4" 

38' 9" 

33' 

3" 

D (height boom) 

19' 

8 " 

27' 2" 1 

34' 0" 

39' 

10 " 

E (approx depth below grade) . . 

20 ' 

0 " 

20 ' 0 " 1 

20 ' 0 " 

20 ' 

0 " 

F (approx digging radius) j. 

54' 

7" 

51' 4" 

48' 9" 

43' 

3" 


Dragline scraper (17) is widely used, but cannot dig accurately to grade. The bucket 
is operated from a crane boom, and its digging radius is considerably greater than boom 
length (Fig 4, 6). There are several types of scoop, and, as they are lighter than clamshells, 



less power is required. Advantages: (a) the wide reach of a long boom; (b) reduces 
amoimt of labor and equipment by combining digging, elevating and conveying in a single 
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machine controlled by one operator; (c) small lifting force needed while bucket is filling, 
power for loading being applied in a nearly straight line from winding drum; (d) nearly 
all the engine power is available for cutting through obstructions while filling the bucket. 
Range of digging with 0.75-yd bucket is about 14 ft horiz and 17 ft vert; dumping height, 
about 18 ft. Booms up to 160 ft have been used. Draglines are especially useful for 
moving soils say 500 ft, with a tower excavator, or belt or other conveyer, close behind. 
Under aver conditions, a 150-ft boom dragline can excavate and place for 10^ per cu yd 
on 300-ft max movements; for 500 ft, 14^. With belt conveyer, cost is a little more to 
excavate and place, but less to haul. Cable replacement is a large item of expense; may 
be 50-80% of total; careful handling is essential. Plow-steel cable, 6 X 19 Lang lay 
(see Sec 12) is recommended. Drum diam is 400-500 times that of individual wires. 


Table 10. Dimensions of Dragline Scrapers 

(Averages from catalogs of well-known mfrs) Traxitwme, 1937 Ed 


Capac, cu yd . . . 

0 5 

0 75 

1 

1 25 

2 5 

5 

10 

Boom length, ft . 

30 

38 

40 

40 

85 

155 

160 

Dumping reach of boom at 25°, ft . . . 

32 

39 

42 

42 

92 

164 



Added throw beyond dumping reach, ft 

13 

13 

13 

13 



40 

Dumping reach of boom at 40*^, ft 

15 

20 

21 

22 

45 

71 


Max height, boom lowered, ft 

11 5 

12 

12 

15 


Depth of cut, ft 

16 

18 

19 

21 

' 58 

*75 


Pull on bucket, ton ... 

6 

8 

10 5 

12 5 




Dragline speed, ft per nun. 

Rotating speed, rev per nun 

no 

5 25 

100 

3 5 

116 

3 5 

no 

2 25 


j 

0*85 


Trenching machines are of wheel or ladder type, the backets in both revolving towards 
the machine. Buckets deliver to belt conveyer, discharging on one side of trench. Depth 
of trench for bucket-wheel machines is 8-12 ft max; width, 12 m up. Speed in ordinary 
soil IS claimed by makers as 1 25-4 ft of trench per min; in exceptional cases, 5 ft; partly 
frozen ground may slow it to 0.5 ft. Depth of trench for ladder trenches is 12-20 ft; 
width, same as for bucket-wheel machines. Trenching machines are especially suitable 
for widths to 4 ft (see Art 5). 

Cableways for trenching are strung over line of trench, handling a number of buckets loaded by 
men in trench. Formerly much used, and are still useful for deep digging, and v^herc excavated 
material cannot be stored alongside. 

Elevating grader (17) is a combination of plow and belt or bucket conveyer, on frame 
carried by wheels or caterpillars. Plow cuts a furrow about 1 ft wide, and 0-7 in deep. 
Moldboard delivers material onto lower end of a small conveyer or elevator of changeable 
inclination, 14-25 ft long, belt being usually 42 or 48 in wide. Conveyer is at right angles 
to direction of motion, extending to right or left, and tipward for loading wagons moving 
alongside and keeping pace with it. The machine may bo hauled by tractor, and con- 
veyer operated either by separate power unit, making belt speed control easier, or by a 
“power-take-off” from wheels or tractor, which is simpler and lighter (for details, see 
Sec 27). 


4. METHODS OF EXCAVATION 

(For dredging, embankments, trenching, ditching and hydraulic handling, see Art 7-9) 

Clearing, grubbing and stripping. Clearing is the cutting of trees (generally leaving 
2.5-ft stumps') and their disposal, together with brush. Pulling stumps and roots is termed 
GRUBBING. Stripping is the shallow excavation and removal of top-soil containing 
organic matter; whore backfilling follows laying of pipes, etc, top-soil may be stored nearby 
for use as dressing on barren backfill. Clearing and grubbing are especially necessary 
where graders and scrapers are to be used. Roots and small brush interfere with all 
machines except power shovels and dragline excavators, which do their own grubbing. 
Cost of grubbing is difficult to estimate, as local conditions are extremely variable. 

Methods of grubbing: (a) by tractors and bulldozers; (5) burning, blasting and 
pulling stumps; (c) by scarifiers. Grubbing by hand is uneconomical, but still practiced. 
In cold regions, if large roots are cut in fall, winter frosts may heave stumps and lessen 
work of removal. If standing trees are pulled over after partial grubbing, their wt in 
falling will break roots difficult to reach, and lift stump out of hole. 

Blasting stumps (16) : (a) expose tap root to depth of say 18 in and bore a hole in it 
with wood auger, more than half through; split a dynamite cartridge, pack well into the 
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hole, and tamp with moist clay; (b) place 2 or more cartridges at least 2 ft below surface 
of gpround, and close against the tap root. To place a heavy charge for a large stump, the 
bottom of the hole alongside the stump may be enlarged by “springing” it with a light 
charge of one-quarter cartridge. For more than one hole, a blasting machine should be 
used to explode all simultaneously. A charge under middle of a stump having large 
lateral roots may merely splifc the stump. For large stumps, charges are often placed 
under each heavy root. Single charges under small stumps should be placed considerably 
below the butt, so that the cushion of earth will distribute the force, and prevent splitting 
the stump. Fresh, fibrous-rooted stumps are harder to blast than those that are decayed 
or have tap roots. For sound stumps, charges of 40% dynamite are given in Table 11; 
for green stumps, multiply these by 1.5-2; for decayed stumps, use less than shown. 


Table 11. Dynamite Required to Blast Stumps 


Diam of stump, in 

12 

1 18 

24 

30 

36 

48 

60 

72 

40% dynamite, lb ... . 

0 56 

0 75 

1 12 

1 50 

2 25 

3 75 

5 25 

8 25 


For western fir, pine and cedar stumps, in firm deep soil, use 1.5 lb of Judson (con- 
tractor’s powder) per ft diam of stump, up to 4 ft; for larger diam, 2-2.5 lb per ft; in gravel 
or loose ground, 2.5-3. 5 lb per ft. For stumps 8 ft or more in diam, the charge of Judson 
powder in lb = diam of stump, ft. 

Burning stumps. Soil is dug away, partly exposing largest roots. Brush and logs 
are piled about stump, and kept burning until it and larger roots are consumed. This 
method is good for rotten stumps, difficult to blast or pull. Char-pit method consists 
in placing brush or kindling around stump and covering all with clay and sod, leaving 
small openings for admission of air; stumps should first be split, by exploding dynamite 
in ship-auger hole in center of stump. A portable gasolene engine and blower are useful 
in burning large stumps, and may be more economical than grubbing or blasting. 

Pulling stumps is done by hand, or horse-drawn machines, but chiefly by tractors. 
Though slower, pulling may be cheaper for a single stump than grubbing or blasting. 
Pulling is facilitated if stump is first shattered with small blast. Small trees, singly or in 
groups, can bo torn out by tractors; such trees should not be cut, as it is more difficult to 
make fast to small stumps. 

Disposal of stumps in cut-over forest land costs as much as grubbing. It is best to 
blast first, using only enougli powder to shatter stumps and loosen their hold, and then 
pull and collect them with a winding engine; 1 200-1 500 ft of rope will reach all stumps 
on 5 acres at one set-up. Rope is carried over a gin pole, about which stumps are piled 
and then burned. Brush land may be cleared by heavy, tractor-hauled plows, but con- 
siderable hand labor is necessary to gather and remove debris. 

Loosening. Efficiency is gained by blasting frozen crust, particularly m dragline work, 
and it is generally best to “dig in,” and have a good working face before fiost comes. For 
winter blasting, non-freezing explosives are essential It is economical to loosen heavy 
soils by scarifiers (see below) ; their use ahead of scraper shortens loading time. On aver 
hauls, one tractor and scarifier can keep ahead of 2 or 3 tractor and scraper units (2). 

Scarifiers have a series of vert teeth, side by side on a bar; may lie used instead of blade 
of grader or attached to rear of a road roller. Types: ripper is useful foi breaking hard- 
surfaced roads and general surface work, in conjunction with large scrapers. Rooter 
resembles a harrow with 3 to 9 teeth, and digs to depth of 2 ft. It is mounted on 2 wheels, 
2-3 ft diam, and pulled by tractor. Wt, 2 500-8 000 lb. Valuable m preparing hard ground 
for graders, dislodging stumps, or breaking up concrete; they frequently obviate blasting 
frozen ground (2). 

Loosening by explosives. Hardpan is economically loosened by charges of low-grade 
dynamite, or Judson (contractor’s) powder. Holes, except in high banks, should be at 
45® to the vert. Horiz holes in face of a bank are effective. For details of chamber and 
coyote-hole blasting, see Sec 5. 

Thawing frozen ground may be done by burning gasolene or coal oil, or by use of lime, 
steam jets, or wood fires. Ground frozen too hard to be excavated by a trench machine, 
can be softened by spreading small pieces of lime along the line of proposed trench, covering 
them with manure or straw, and pouring on hot water to slack the lime and liberate the 
heat. Clay, frozen so hard to depth of 34 in that stones embedded in it could be sheared 
off without loosening them, has been thawed by jetting holes with a i/a-in pipe connected 
by hose to a boiler. In each hole was inserted a 1 / 2 -in capped pipe, with 4 l/s-in holes 
bored in it, and steam forced in to thaw out the surrounding ground (10). 

Hot water thawing is more economical than steam for working frozen gold-bearing gravels. In 
the Yukon district, Alaska, a 30-hp pump, with 4-in intake and 3-m discharge, delivered water at 
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40 lb press through a 1-in nozzle; 6 000 gal of water were used over and over. The water was kept 
at a temp of 150° Fah by discharging the pump exhaust into the suction sump. In 10 hr this 
thawed and broke down 175 cu yd gravel (see also Sec 10). Cold wateb has also been used. 

Bank blasting. In hard, cemented material, dynamite is better than black powder; 
in soft ground, the latter is more economical. With very high banks the bottom should 
be blown out and the top allowed to drop. Charges should be placed so that the line of 
least resistance is horiz. With banks 50 to 150 ft high in cemented gravel, the length of 
main drift should generally equal the height of bank. Cross drifts are driven parallel 
to the bank face, their length depending on length of face to be blasted. Powder charge 
for aver conditions is about 0.4 lb per cu yd of ground. (For further details, see Sec 5.) 

Blasting at the property of the Milton Mining and Water Co, Sweetland, Cal, during 3 years, 
required an aver of 0.382 lb Judson powder per cu yd. The top gravel had been washed off, leaving 
banks (usually hard and cemented for 50 ft, but soft above) from 50 to 150 ft high. In some 
parts, 8 3 to 8 5 cu yd were shattered per lb of powder. 

In soils difficult to pick, blasting may be economical. Excavate by picks until a face is formed, 
and make vert 1.5 to 2.25-in holes in a line back of the face with pointed bar, churn drill, or auger. 
Depth of holes should be a little leas than the height of bank, distance between them being 1 5 times 
line of least resistance (Sec 5, Art 5). In the foimula B — B = charge in oz, and R — line of 

least resistance in ft, the “rock coeff” C should be determined by trial. For loam, conglomerates, 
and ordinary soil, using 30% dynamite, C is usually nearly 0.6. Holes m frozen ground should be 
“chambered” (Sec 4, Art 8). 

Loading. Elevating graders and power shovels, with dipper or backhoe equipment, 
are favored for large-scale work. For earth cuts the tractor-wheeled scrapers aie used. 
Elevating grader w'lll load for about 5^ and power shovel for 7^ per cu yd, not including 
waiting time of hauling equipment. Cost of spreading, watering and i oiling is about 7^; 
of hauling, 0 75^ per cu yd in place, not including road maintenance. The dragline scraper 
is always economical for excavating largo, shallow areas. 

Influence of depth of cut on power-shovel costs (23). Unit cost of excavating with 
DIPPER SHOVEL 111 sliallow cuts may be 2 or 3 times more than for medium depths. Output 
is greatest in cuts between 4 and 12 ft deep, where full dipper loads can be taken by each 
crowding and hoisting movement. Latest type of pli’noer shovel also works best at 
depths of 4 12 ft, but has an advantage in working speed, because the boom and scoop 
assembly, size for size, w’eighs nearly 6 000 lb less than standard boom and dipper. Time 
studies indicate 10-14% faster work than dipper shovel. For depths exceeding 12 ft, 
it is generally best to resort to benching Power-.shovel delays on 51 highwaj*^ opera- 
tions- hauling equipment, 0.9%, moving sho\el and repairs, 18.6%; weather, 14 9%; 
misc, 20.2%. Effect of material on time for loading dipper: good earth, 5.G sec, earth 
and some rock, cemented material, 8.4 sec, poorly-blasted rock, 10.3-16.7 sec. 

Following figures are for work of Bucyius steam shovels under favorable conditions. 
No. 20-B, loading blue clay and sand into trucks, 93.5 cu yd per hr, road grading, 
overcasting, digging clay, roots, stumps and rocks, 50 yd per hi ; road work in solid 
limestone, poorly blasted, 34 yd per hr. No. 30-B on road work, loading earth, rock and 
some shale, 130 cu yd per hr, partly loading m cars, partly ovei casting, clay and laminated 
limestone, 70 yd per hr. Loading in wagons, very stiff clay, 60 yd per hr. 

On R R grading in West Va (22), 4 Lorain gasolene crawler shovels with 1.25-cu yd 
dipper, loaded trains of four 4-cu yd dump cars m 3 min, dumping at height of 17-18 ft. 
Output per 10-hr shift, 1 000-3 000 cu yd; distance hauled on each side of cut, about 
1 000 ft. Much of excavation was in rock or hard shale, requiring blasting. 

Power-shovel costs for general grading. ^J^-cu yd dipper, 23.3^ per yd; Is-cu yd 
dipper, 17.7-19.2^ per cu yd. 

Selection of hauling equipment. For short hauls and large-scale work, the combined 
excavating, hauling and placing unit, like the elevating grader and dragline scraper, are 
desirable. For long hauls, bottom or side-dump crawler wagons, and especially tractor- 
drawn pneumatic-tired wagons holding 3-25 cu yd, are economical. New developments 
are the 24-cu yd wagon, mounted on 16 large low-press tires, and the pneumatic- tire 
tractor unit, with trailer wagon. They are speedy, but require solid roads; can not run 
on very wet earth surfaces (17). Apply to makers for tables of economic hauls for the 
different machines. 

Elevating grader. If soil is free from rocks and stumps, a motor-driven, 48-in grader, 
pulled by a Cletrac tractor, will load on aver a 7-cu yd wagon per min, where the plow can 
work to its full depth and loading is done without turning; or a 10-13 yd wagon in 1.5-2 
min (2). 

Fresno scraper (sliding), in absence of ledge rock or boulders larger than scraper open- 
ing, will haul more dirt per dollar invested and at lower cost than any other excavator, 
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within a distance of 20Q-300 ft, and is widely used for removing overburden, stripping, and 
cutting down grades. The 0.76-yd size can handle 15 cu yd per hr on 200-ft haul, at about 
39<f per yd; a 3.6-yd Fresno will handle 70 cu yd 200 ft at about 13.5^^ per cu yd, all 
including deprec (2). 

Bulldozer, in leveling dumps or moving dirt on short hauls, is a closer competitor of 
the Fresno, within the same distances, and is useful for similar work. Hard material 
must first be loosened. Experiment determines best speed to avoid spilling. They are 
effective for scraping down slopes as steep as 35% ; and, if gear is right, they can back up 
the grade for next load. On 200-ft haul, capac is 13-40 cu yd firm dirt per hr, at cost of 
20-47^ per yd for bulldozer and Cletrac motor, including deprec. These figures are 
conservative for good soil and level grades; capac increases on down grades, and decreases 
on up grades (2). 

Observations in 1934 indicate that aver load transported from cut to fill under ordinary 
conditions varies with length and shape of blade, and grade and character of soil. Loads 
on the 4 bulldozers in Table 12 often fluctuated as much as 100%; smallest loads, about 
2 cu yd, largest 4 cu yd (16). Recent improvements, permitting independent vert move- 
ments of either end of bulldozer and also lateral movement, make it easier to keep exca- 
vation in proper condition, and to shape slopes at proper angle. 


Table 12. Operation of Tractor-powered Bulldozers (16) 



1 

2 

3 i 

4 

Number of trips timed. 

3 731 

51 1 

800 

560 

Cu yd placed in fill 

11741 

1 655 

1 822 

1 352 

Hate, cu yd per hr 

68 4 

57 

35 2 

44 1 

Load, cu yd 

3 15 

3 24 

2.3 

2.41 

Loading distance, ft 

30 

40 

28 

39 

Loading speed, ft per sec 

2.4 

2 4 

1.4 

2 7 

Haul distance, ft 

168 

216 

309 

232 

Haul speed, ft per sec 

3.7 

3 2 

3.2 

3.1 

Return distance, ft 

200 

260 

340 

275 

Return speed, ft per sec 

2 3 

2 5 

4 7 

2.5 

Average down grade, per cent 

26 

17 

11 

20 


Table 13. Operation of Large, Self-loading Wheeled Scrapers 



1 

2 

3 

4 

5 

6 

7 

8 

Rated capac, cu yd . 

3 

6 

8 

4 

5 

4 

4 

5 

Condition of equipment . . 

Good 

\''ery 

\'ery 

Very 

Very 

Fair 

Good 

Fair 

Number of trips timed 

212 

good 

269 

good 

132 

good 

145 

good 

54 

56 

3 200 

963 

Loading distance, ft 

75 

116 

144 

80 

86 

92 

100 

38 

Loading speed, ft per sec 

2 3 

1 8 

2.0 

2 1 

2 

1.8 

2 0 

2 3 

Hauhng distance, ft 

180 

327 

290 

210 

372 

1 400 

300 

237 

Hauling speed, ft per sec 

2 9 

3 5 

2.8 

3 0 

3.2 

3 

2 5 

3 3 

Return distance, ft 

254 

405 

449 

280 

450 

1 450 

400 

275 

Return speed, ft per sec . . . 

3 2 

3 8 

3 8 

3 7 

3 8 

4 7 

5 5 

2 7 

Dumping time, sec 

10 4 




46 

34 

11 

10 4 

Turning time, sec 

18 

22* 

20 

24 

27 

22 

20 


Load carried to dump, in per- 
centage of full load . . 

95 

75 

50 

90 ; 

61 

75 

90 


Aver pay yardage, in percentage 
of rated load capac . 

57 

45 

35 

54 ! 

37 1 

45 

53 ! 

44 


Note — Scrapers 1 to 5 were on same job, and 1, 5, 6 and 7 were of same make, but working 
under different conditions. Scraper No 7 worked in winter, when materials were wet and sticky. 
For such soils, crawler wagons are preferable. 


Cost of excavation by self-loading wheeled scrapers, hauled by tractor, is 13-18^5 per 
cu yd, including deprec, but exclusive of hand labor. Tandem scrapers have been largely 
replaced by single units of greater capac (2). They are especially adapted to cut-and-fill 
work on hauls of less than 2 000 ft. 

Cableways (17) are suitable for large-scale work. Except where movable towers are 
used, irregular topography, swamps and bodies of water are no obstacles. They require 
no earthwork, no bridges, and their operation is unaffected by weather. On some recent 
gov't projects, single loads of 15 tons or more have been handled. Fox' design and details 
of construction, see Sec 26. 
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6. TRENCHING AND DITCHING 

Hand labor is still used for small-scale jobs. Cost depends on character of soil, number 
of boulders or other obstructions, presence of water, and depth and (somewhat) on the 
width of trench. In trenches over 4 ft deep, some soil must be shoveled twice : first, to 
surface; then, as spoil pile grows, back from edge of trench. In trenches 6-12 ft deep, 
soil must first be thrown to a staging about halfway up, thence to surface and finally, 
back from edge. For depths of 12-18 ft, the soil must be handled 4 times. Timbering 
of deep trenches slows up rate of work. 

Trenching machine, resembling a very small chain-bucket dredge, can operate satis- 
factorily in narrow trenches, where soil is free from large stones; always leaving vert walls, 
and therefore applicable only to stable, dry soils (24). 

Power shovels for trenching (with dipper, plunger, backhoe, or clamshell) are sup- 
ported on timbers spanning the trench (Fig 6). As their wt comes directly on the banks, 
they can not be used in 
soft ground unless the 
walls are sheeted and 
braced. The shovel must 
usually be stojiped while 
the trench is being sheeted, 
and the consequent delays 
materially decrease the 
output. Trenching ma- 
chines, though not subject 
to this delay, cannot dig 
in such difficult soil as 
powei shovels. 

Dragline can dig 
trenches and ditches to 
depth of about 20 ft, and 
to any width greater than 
about 30 in; best adapted 
to wider work. Sloping 
banks are readily made, 
thus eliminating need of shoring and bracing. In soft, wet soils, as when the ground-water 
level IS very near the surface, draglines can operate at about the same cost as in dryer 
ground. In wide ditching, it is far cheaper to use dragline and slope the banks, than to use 
trenching machine or clamshell, and shore the sides; added cost of moving a larger vol of 
earth to obviate need for shoring or bracing is negligible. Under bad soil conditions the 
dragline can depo.sit the spoil far enough from edge of trench to insure stability, w'hich 
can not be done by trenching machine (24). 

Trench sheeting. All deep trenches left open more than say a day should be sheeted. 
In fluid sands, cros.s bracing follows theory. In other soils, many practical shorers place 
heaviest braces near top rather than at bottom; for, if a wedge starts to slide from surface 
its center of thrust is l/s depth below surface. 

Cableways (Sec 261 <'an be used to advantage for trenches 6 ft and wider. A cable- 
way on 30-ft towers, 300 to 400 ft apart, handling 1-cu yd tub at a time, is good in either 
soft digging or rock, as no part of the machine is carried on the side banks. Tubs can be 
loaded at any point and swung as much as 10 ft to the side. Engine and 1 tower stand on 
a car or rails; the other tower stands on the ground, and must be lowered for removal to a 
new position but can be readily shifted as work advances. Outfit, weighing about 19 
tons, can bo loaded on 1 R R car. 

Backfilling is generally done by bulldozers or backhoes. Cost depends on; condition of 
soil (whether frozen, wet, packed, or dry); means employed; amount of tamping 
required. When back-filling and tamping are done by hand, work per man-hr is 1-3 cu yd, 
aver 1.5 cu yd; most compact tamping (clay excepted) is obtained by casting soil into 
water; for thorough dry tamping on large-scale work, use power tampers. 

Ditching by explosives, if properly done, will excavate and spread the material over a 
distance, and is economical in dry or wet ground, or soil under water. The flow of water 
is depended upon to clean out the bottom. In stiff clay or hardpan, holes should be 
26 in apart, in loose mucky soil, 30 in apart, and are punched or bored to within 6 in of 
desired depth of ditch. Strongly sodded soil is cut with a spade along side lines. For 
methods of charging and firing dynamite, see Sec 4, 6. Holes are best blasted simulta- 
neously with a magneto; or placed 18 to 24 in apart and exploded by concussion from a 
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middle hole, detonated by fuse and cap; 20% dynamite is ordinarily used, or 40% in 
stiff, tenacious soil. For soils soft at top, hard at bottom, use 40% dynamite in bottom 
of charge and 20% above. 


6. STRIPPING (37-40) 

For stripping and other opencut work economic methods are of utmost importance. 
More effective excavating machinery is now making opencut mining possible where 
underground methods only were formerly feasible. 

Elevating grader for coal stripping in Kansas (33). Overburden, 16.5 ft aver depth, 
was removed in strips 60-75 ft wide, alternate strips 40 ft wide being temporarily left 
untouched. One side of cut was kept vert; the other sloped 1 : 2. Intervening strips 
were excavated after the coal first stripped was mined, and as much as possible of the 
material from them filled into adjoining excavations. Equipment: elevating grader and 
tractor, and 8 3-horse, 1.5-cu yd dump wagons. Crew: engineer, steersman for tractor, 
machine man, 8 drivers, dumpman, man and team for water wagon, and stableman. 
Duty: 750-800 cu yd per 9-hr day. 

Stripping by draglines. In Plorida phosphate mines (49), the booms were at first 
136 ft long, with 8-yd buckets, using Diesel engines. Since 1920, boom length has been 
increased to 168 ft, with 10-yd buckets, electrically operated. In excavations about 
210 ft wide, each machine handles 600 cu yd per hr; three 8-hr shifts, 3 men per shift. 
Hydraulic mining (Art 7) of the phosphate pebbles follows close behind draglines, so that, 
by hauling back to starting point, the draglines place material from second cut in mined 
out area of first cut. In Mich, 1914-15, 1 200 000 cu yd of overburden 60-100 ft deep, 
were stripped from an iron deposit. Two draglines loaded 206 000 cu yd into cars in 
1 month (38). For data on large strippings in Penn anthracite district, see Bib (42) and 
Sec 10. 


7. HYDRAULIC EXCAVATION 

This method originated in California for excavating gold-bearing gravels. For 
HYDRAULIC MINING, piping, “giaiits” (monitors), and ground sluices, see Sec 10. Hy- 
draulic methods are here considered only for moving material m ordinary excavation, as 
for hydraulic-fill dams, embankments, and grading (33). 

Hydraulicking is essentially a loosening operation, attacking the material on a nearly 
vert face, with high-press hydraulic nozzles, and is obviously suitable only where earth 
is moved downgrade. Ample water supply, either gravity or pumped, is essential. Cen- 
trifugal pumps (Sec 40) are generally used. For gravity supply the head may be several 
hundred ft. A head of 80-100 ft may remove the material, but 200-600 ft heads are often 
needed for effic cutting. Quantity of water is determined by head, size of nozzle and rate 
of work. Water delivered by hydraulic giants is approx: 

Diam of nozzle, in 1 3 6 9 

Flow under 200-ft head, cu ft per min 33 250 1 500 2 700 

One 8-in nozzle, using 3 600 cu ft per min, has excavated 800 cu yd per hr; but, a num- 
ber of small nozzles are sometimes more effective than a single large one. Sluices for 
transporting mixture of water and earth usually require a grade of 4%. Proportion of 
solids that water will carry is from 6 to 20%; aver, 11-12% (Sec 10). 

Stripping by sluicing and hydraulicking (35) . Fig 7 shows layout for an ore deposit in 
Mesabi district, Minn. Overburden was sluiced into a nearby river so long as the differ- 
ence in elevation permitted. Afterward, a hydraulic giant undercut the overburden, 
washing it through a rough sluiceway to sump, whence a centrifugal sand pump delivered 
it 1 000 ft through 12-in pipe to river (Fig 7). Giant was supplied by pumps of 3 500 gal 
per min rated capac, pumping through 1 500 ft of 12-in pipe. The centrifugal pump 
(capac 6 000 gal) required care to keep it at proper speed to deal with sump inflow. Over- 
burden, of unconsolidated glacial drift, washed easily and work was done cheaply. In 
another case (35) , from 3 to 6 ft of loam, sand and gravel were washed off a shale deposit 
by 2 giants, with normal water press of 115 lb. Crew: engineer, fireman, and 2 men on 
the giants. Aver duty, 2 000 cu yd per 10 hr. Cost, 2^ per cu yd. 

Hydraulic-fill dams. With enough water, a sufficiently high working face and grade 
to convey mixed earth and water, dams can be built more cheaply (and as well) by 
hydraulicking than by ordinary methods of embankment with rolling and tamping. 
Water is delivered by pump or gravity to a hydraulic giant or monitor; press at nozzle, 
76-300 lb per sq in; veloc, 100 to 200 ft per sec; vol 8-20 cu ft per sec. When water is 
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Bcaroe waste may be led to sump or clarifying basin, and used again. Soil, after being 
loosened by monitor, is carried by sluices to pipes or flumes and thence to dam. Bank 
from which earth is washed must be at higher elevation than crest of dam, grade to dam 
being at least 2% for fine materials, and 6 to 8% for coarse, heavy stuff. Design and 
construction of hydraulic-fill dams should be under expert supervision (52). There have 
been conspicuous failures. 



Northern Pacific R R embankment. A number of trestles were filled by the hydraulic method. 
In <S cases, where there was a irravity supply of water, the cost was t.TOfi per cu yd. In one case, 
pumping was necessary, making a cost of 13.5^, which included clearing of dense forest growth. 


8, DREDGING 

Dredging is required to deepen waterways for navigation or flood control, and to 
procure sub-aqueous material for land filling and levees. It is done by a floating equip- 
ment, except on narrow channels, where draglines or walking dredges are used. Mud, 
silt and sand are easiest materials to excavate, but, if mingled with much water, repetition 
of work IS sometimes needed; or, with disproportionately large quantities of water, subse- 
quent separation may bo troublesome. 8aud, .silt and gravels are easy to dredge; sticky 
clays will adhere to buckets, and may clog suction orifice or pipe line; indurated clays or 
hardpans may have to be blasted before dredging (17). 

Dei)th and width of cut determine type of dredge. Distance of transport of dredged 
material is important, often requiring long pipe-lines, or use of scows and tugs. Sometimes 
material must be rehandled at an intermediate point. Permanence of work is a con- 
trolling factor. Isolated jobs may justify use of any available dredge that can do the work, 
even if poorly suited to it. But, in general, the plant should be closely adapted to work 
in hand, and have high operating effic (19). 

Types of dredges: dipper; grapple or grab-bucket; ladder or bucket-elevator; 
hydraulic or suction. Those having bunkers or hoppers for carrying dredged material 
are “hopper dredges” (35). 

Dipper dredge is essentially a power shovel mounted on a scow. There are 3 classes: 
for drainage and irrigation ditches; for deep water and harbor improvements; and for 
canal work. Ditching dredges are small, with narrow hulls and telescopic bank spuds; 
canal dredges have narrow hulls and side floats; deep-water dredges, for depths to 50 ft, are 
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generally of large size, with spuds operated by independent engines. Wooden hulls are 
common, but steel hulls are now favored (Sec 10). 

Grapple dredge is a floating derrick, with clamshell, orangepeel, or other type of 
grab bucket. It serves for very deep water or in confined places. The largest have 0-yd 
buckets, 225-ft booms and can dump 400 ft from digging point. Under suitable conditions 
they are very economical, requiring only a lever man, oiler and fireman per shift. Digging 
depth is limited only by length of wire rope on hoisting drums; but, in depth, the bucket 
may not settle and take its load at the exact place desired ; the bottom is therefore usually 
very uneven. Grapple dredge is not good for hard material, unless previously broken. 
Clamshell bucket is most useful in soft ground, stiff mud, sand and gravel. Orangepeel 
buckets are adapted to dredging boulders and blasted rock (19). 

Ladder dredge (widely used for gold placer mining. Sec 10), is good in sand and gravel, 
if not too fine; will handle indurated clays, shales, and even soft or broken rock and hard 
pan, when depth is too great for dipper dredge. It cuts its own flotation (19). 

Hydraulic or suction dredge is a scow, carrying a centrifugal pump with a suction pipe 
reaching to the bottom to be excavated, and a discharge pipe to place of deposit. Usually 
powered by Diesel-elec engines, or straight Diesels. In all except the easiest materials, a 
revolving cutter at mouth of the suction pipe is required for loosening the soil. Special 
advantage of this dredge is its ability to convey excavated material long distances. It 
is largely used for sand, silt, mud and clay, in open water. Gravel and small stones may 
be dredged with aid of the revolving cutter, and a large dredge will handle stumps, loose 
rock and other debris. The discharge pipe is often supported on pontoons; flexible joints, 
with a small amount of movement at each, allow the dredge to move freely. Pipe lines 
10 000 ft long have been used for embankment work. Bottom-discharge gates are 
important for the land section of pipelines. The heavy material (coarse sand and stones) 
rolling along bottom of pipe, can be discharged through small gates without disturbing 
the main flow. This coarse stuff will stand at relatively steep slopes, forming dikes, 
behind which liquid filling is deposited (47). 

Hydraulic dredging for a milhon-yd fill (42). 100 000 cu yd of sand per month pumped by 

15-in centrifugal pump, to fill a 65-acre site to depth of 6-16 ft. Aver proportion of solids to water, 
12.5%; max, 27%. Max length of discharge pipe, about 5 000 ft; no booster pump, total lift was 
close to dredge through a steeply-inclined section of pipe on trestle to point of discharge. This 
arrangement minimized formation of “plugs” in pipe hne, and facilitated their removal, nearly 
all stoppages cleared in less than 40 min. Dredging for Chesapeake and Delaware Canal involved 
excavation of over 16 000 000 cu yd of earth (48). Deepest cut, about 95 ft, nearly all by suction 
dredges, with revolving cutter heads. Most of the spoil was lifted 80-95 ft. 

9. EMBANKMENTS AND DAMS 

(See Art 7 for hydraulic-fill dams) 

Railroad embankments are generally made by filling from old trestles. A ditching 
machine, with 16-yd dump cars may be used for jobs to 5 000 cu yd; steam shovel for 
larger work. Shrinkage is usually 12% when fill is placed by wagons; to 16% when 
dumped from cars. Embankments are often compacted by wetting, harrowing, and 
rolling in thin layers. Unstable material beneath embankments may be removed by 
blasting, to hasten settlement (see du Pont Co’s circular on this subject). 

Embankment placed hydraulically (41). In 160 days, 821 000 cu yd of fine sand were placed 
by a suction dredge with cutting head, pumping through 24-in pipe. Pump, operated by tvso 
500-hp elec motors, gave discharge veloc of 12-15 ft per sec; volume at time.s reached 1 000 cu yd 
per hr. Total runoff of sand from embankment was about 250 000 cu yd, adding 30% to vol 
handled. Length of discharge pipe was 4 000 ft, working from dredge alone; booster pump used for 
an additional 9 000 ft; an exceptionally long distance. Pipe earned on pontoons was No 7 gage, 
riveted, with slip joints, No 10 gage elsewhere. 

Compacting earth-fill dams (14). For sand and silt, rolling is usually better than 
tamping. Best moisture content is just below saturation; layer thickness; 12 in; best 
rolling equipment, a heavy crawler tractor, followed by a “sheepsfoot” tamper (2), or a 
disk roller; 6-8 passes of the tractor over a layer produce desired density. 

Vibrating machines, sometimes used, are expensive {Eng News-Record, .Tuly 23, 1936). For a 
recent (1937) Western dam, a central impervious core was built in 6-in layers, sprinkled to maintain 
moisture content at about 16%. Core compacted by 12 or moie passes of “sheepsfoot” roller, 
giving a press of 250 lb per sq in. 

Change in volume by compacting. On an earth dam, where a mixture of earth and 
gravel was hauled in wagons and sprinkled and rolled in 6-in layers, it was found that 
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material weighing 116.5 lb per cu ft in its natural bank, weighed only 79.6 lb per cu ft as 
dumped loosely by wagons; that is, it swelled 46%; after consolidation by rolling in thin 
layers, it weighed 133 lb per cu ft, a shrinkage of 12%. An exception to the general propo- 
sition that earth can be compacted to less than its original volume is dry clay, particularly 
when taken from deep pits; it absorbs moisture from the air, and occupies more space 
in embankment than in its original bod (33). 
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1. CHEMISTRY OF EXPLOSIVES 

Underlying principles. The power of an explosive to do work depends upon the facts* (o) that 
a small volume of explosive is capable, under certain conditions, of changing into a large volume 
of gas at high temperature, and (6) that this change takes place almost instantaneously, resulting 
in the development of great expansive force at the moment of detonation In the case of black 
blasting powder, a mixture of sulphur, charcoal and sodium or potassium nitrate, the nitrate supplies 
oxygen for combustion of the sulphur and charcoal. The decomposition of black powder, once 
started, therefore proceeds without need of oxygen from the air. The case is somewhat different 
with nitroglycerin, a compound of carbon, hydrogen, and nitrogen, which is explosive in itself 
without requiring admixture with other substances. When detonated, it is decomposed into CO2, 
nitrogen, and water, which at the high temperature of explosion occupies at atmospheric pressure 
about 1 000 times the volume of the original nitroglycerin. 

Ingredients and their properties. The common ingredients of high explosives are 
given in Table 1. The term “ explosive base ” in column 3 covers, besides compounds 
explosive in themselves, certain compounds which are not explosive alone, but become so 
when sensitized by some such substance as nitroglycerin. 

Note. Throughout this section, nitroglycerin will generally be designated by N G, and other 
ingredients of explosiv^es by their chemical symbols. 

Reactions. When carbon burns in presence of an excess of oxygen CO2 is formed; 
if there be insufficient oxygen for complete combustion, CO also is formed. When car- 
bon in lumps burns m air, combustion is slow, but if in form of dust the reaction is very 
rapid, and may result in explosion. The ingredients of black blasting powder (S, char- 
coal and niter) are finely ground, and thoroughly incorporated, to bring all parts of the 
combustibles into close contact with the oxidizing ingredient, thus favoring rapid and 
complete combustion. 

When black powder explodes, the reaction is: 

2 OKNO 3 -f 30 C -f- lOS = 6K2CO3 + K2SO4 + 3 K 2 S 8 -f I4CO2 4- loco -f 10 N 2 
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The explosion is accompanied by evolution of heat, which expands the gases to a very 
large volume, resulting in high pressure. 


When nitroglycerin explodes. 

the reaction is: 



4 C3n6(N03)3 

= I2CO2 + 

10 H2O -b 6 N2 4- 
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The intense rapidity of this change is illustrated by the fact that, if a pipe 5 miles long 
were filled with N G, and a blasting cap were detonated at one end, the entire column 
would be converted into gas within about one second. 

Dynamite consists essentially of a mixture of NaNOs, wood meal, and N G. The 
NaNOs may be replaced by KNOs, the wood meal by flour or sawdust, and even a por- 
tion of the N G by other organic compounds or by NH4NO3. The solid ingredients are 
not so finely divided as those of black powder, nor so thoroughly incorporated; hence, 
the mixture would not burn so rapidly except for the N G, the extremely rapid explosion 
of which so accelerates combustion of the other ingredients that the whole mixture explodes 
much faster than black powder. Taking a dynamite of the composition: N G, 40%; 
NaNOa, 46%; wood meal, 14% ; and assuming that wood meal has same ultimate compo- 
sition as pure cellulose (C«Hio06)x, the reaction of explosion is: 

2 C3H»(N08)3 + 6 NaNOa + CcHioO# = 9 CO2 -f 6 N3 + 10 H2O -f 2 O2 -f 3 Na2CO|. 

4-02 
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Table 1. Ingredients of High Explosives 


Ingredient 

Chem symbol 

Function 


CallsCNOala 

Explosive base 
Explosive base 

Explosive base. 

Tetramtro-di-glyoerin . 

Ethylene glycol dinitrale 

QHioN4(5i3 

C2ll4(NOa)2 



and to reduce 
freezing point 

Nitrocellulose (guncotton) . 

(C6H7(N08)302)x 

Explosive base 



and gelatiniz- 
ing agent 

Nitrostarch 

(C6H7(N0,)302)x 

Explosive base 

Organic nitro-compounds. . 


Explosive base, 



but used pri- 
marily to re- 
duce freezing 
point 

Ammonium nitrate. . 

NII 4 N 03 .. . 


Potassium chlorate . . 

KClOa 

Explosive 
bases and 



oxygen 

earners 

Potassium perchlorate 

KCIO 4 ... 


Lujuid oxygen 


Highly volatile 

Oxygen earner 

Sodium nitrate 

NaNOi 

Potassium nitrate 

KNO 3 ... 

Oxygen carrier 

Wood pulp 


.\bporbent and 


combustible 

Wood meal 


.Absorbent and 



combustible 

Ground coni 


Combustible 

Ghjircoal 


C ombustible 

Flour 


Combustible 

Sulphur 

S 

Combustible 

Ghnlk 

CaCOa 

ZnO 

Antacid 

Zinc oxide 

Antacid 

Kieselguhr 

S 1 O 2 

Absorbent 


Remarks 


Liquid, highly explosive 
Viscous liquid, highly explosive, 
practically non-freezing 
Liqmd, highly explosive, somewhat 
volatile, non-freezing 

Solid, highly inflammable, and 
explosive when dry 

White powder, highly inflammable 
and explosive when dry 
Some solid, others hqmd; the 
higher nitro-compounds explo- 
sive, the lower non-explosive in 
themselves 


Solid, difficultly explosive alone, 
veiy soluble in water 

Soluble in water, highly explosive 
when nuxcd with combustible 
matter 

Difficultly soluble in water, highly 
explosive when mixed with com- 
bustible matter 

Carbonaceous matter in contact 
becomes highly inflammable. 
Most sensitive when absorbed 
by lampblack 

Soluble in water, not explosive 
alone, deliquescent 

Soluble in water, not explosive 
alone, not deliquescent 

Rest combustible absorbent; in 
highest grades equal to kiesel- 
guhr m absorbent capacity 

Fairly high absorbent capacity 


Ha* no value except as absorbent 


Gaseous products of explosion. When explosives detonate, they usually form a 
mixture of solid, luiuid, and gaseous products. The solid products may include sodium or 
potassium carbonate, sodium or potassium sulphate or sulphite, where sulphur is present 
in the explosive, and calcium carbonate, etc. Nearly all explosives, except black powder, 
form large quantities of water, becoming vapor at moment of detonation. Smoke con- 
sists of the solid products in a finely divided state. Gaseous products are of most impor- 
tance to the miner, since they determine character of fumes after a blast, and provide the 
ruptive force. (For products of different explosives, see Sec 23, Mine Air.) 
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With the Bichel pressure gage (1) it is possible to detonate an explosive in a closed chamber, to 
withdraw a sample of the gases formed by the explosion, and to determine their composition The 
gases produced by a 40% straight gelatin under these conditions have approximately the following 
composition, as determined experimentally CO2, 57%, N2, 42%, O2, 1% Fumes given off by 
any explosive fired in a vacuum do not correspond with those fired under strong confinement 
The material blasted may greatly change the character of fumes, either by entering into the reac- 
tion, or by exercising a cooling effect on the explosion Presence of water or high humidity also 
may alter the fumes produced The composition of the gases varies with different explosives 
In some cases there is a small amount of free O2, as in example cited above, in others, no free O2 
but varying amounts of CO and H2 CO is poisonous, and serious or even fatal consequences may 
result from the use of explosives which produce large amounts of this gas in places where ventilation 
IS poor See Table 2 


Table 2. Fumes, Special Gelatin 60% 


Tested in Bichel Bomb, no confinement other than bomb itself Total gas « 5 35 cu ft per lb 



By% 

Cu ft 
per lb 

Cu ft per 

1 1/4" X 8'' 
cartridge 


By% 

Cu ft 
per lb 

Cu ft per 

1 1/4" X 8" 
cartridge 

C02 

47 1% 

2 52 

1 23 

CH4 

0 7% 

0 04 

0 02 

CO 

1 5 

0 08 

0 04 

H2S 

1 2 

trace 

trace 

02 

ml 

nil 

ml 

NO2 

ml 

ml 

ml 

H2 

3 6 

0 19 

0 10 

N2 

45 9 

2 46 

5 35 

1 20 

2 62 


Some states have passed regulations rerpiiring makers of explosives to mark their 
containers according to the fume class, whuh refers to amount of poisonous gas 
(CO and H 2 S) m cu ft per X 8" caitridgc, when tested according to standard pio- 
cedure of U S Bur of Mines Fume Class 1, less than 0 lb cu ft, 1 ume Class 2, 0 lb to 
0 33 cu ft, Fume Class 3, 0 33 to 0 67 cu ft 

Fume Class 1 includes Straight Gelatins, 20% to 00%, Ammonia Gelatins, 30% to 75%, 
Ammonia 8emi-gelatins (less than 128 cartridge-^) 

Fume Class 2 includes Permissible gel i tins and Semi-geHtms, Ammonia Dynamites, 15% to 
60%, Low-density Ammonia Dynamites (not dipped), Class A Ammonia Permissible^ , Straight 
Dynamites, 10% to 30% 

Fume Class 3 includes Low-density Ammonia Dynamites (dipped) , Class B Ammonia Per- 
missibles 

Explosives complying with the requirements of Fume Class 1 may be used in underground 
workings free from combustible gases and/or combustible dust without speiihr application by the 
operator to the Industrial Accident Commission The C ommission also provides that the explosive 
(1) has not deteriorated by prolonged or improper storage (2) is properly charged and stemmed 
with non-combustible stemming, (3) does not have a burden so heavy that it will be liable to blow 
out, (4) IS not overloaded, and (5) that the mine is properly ventilated 

Before blasting, men must be removed to a safe distance from the face, and shall not return 
until the poisonous gases hav^e been cleared Explosives complying with the requirements of Fume 
Classes 2 and 3 shall not be used underground unless the operator h xs made spocihr application to, 
and shown to the satisfaction of, Industrial Accident Commission that ventilation is adequate 

Character of fumes from an explosive is affected by conditions under vhich explosive 
IS used When dynamite ni rns instead of detonating the fumes aie entiiely different 
from those foimed by detonation, and contain large amounts of oxides of nitrogen and 
CO, both poisonous Burning of dynamite in a di ill-hole may result fiom improper 
mode of charging, for example, if the fuse be passed thiough a caitndge, tlie dynamite 
may be ignited by side-spit of hre fiom fuse Blown-out shots are apt to pioduce noxious 
fumes, well-tamped shots are least apt to yield them When dynamite is so chaiged that 
maximum amount of useful woik is done, the fumes are least harmful 

Ammonia gelatins, straight gelatins and semi-gelatins give the least vol of noxious 
fumes per lb of explosive The ammonia dynamites are next in order and the straight 
dynamites are the woist All of these give off much worse fumes when bred unconiined 
than when tamped with adeciuate stemming 

2. HIGH EXPLOSIVES 

General classification of explosives. There are two general classes (a) the different 
types of black blasting powder, and (h) high explosives Black powder is a mixture of 
combustible and oxidizing ingredients, no one of which is explosive ajone, high explosives 
always contain an ingredient which is explosive m itself, at least when sensitized by proper 



HIGH EXPLOSIVES 


4-^5 


means. Because of this difference in composition, high explosive detonates with much 
greater rapidity than black powder, hence, the great rending and shattering effect of high 
explosive, even when unconfined It is a common idea that high explosives shoot 
down,” while black powder ” shoots up ” This fallacy arises from the fact that the slow 
black powder, when exploded unconfined on top of a rock or other object, does no damage 
to the rock, but dissipates into the air , while the quicker high explosive, under same con- 
ditions may break the rock beneath it, even without confinement other than that of the 
atmosphere All explosives exert equal pressure in all directions 


Table 3. Classification of High Explosives 


1 

2 

3 

4 

5 

6 


Principal types 
Straight dynamite 

Ammonia dynamite 
Straight gelatin 

Ammonia gelatin 
Blasting gelatin 
Granulated dynamite 


Esaential ingredients 


Nitroglycerin, sodium nitrate, and wood pulp 
or other combustible material 

Like I, with addition of ammonium nitrate 

Nitroglycerin, nitrocotton, sodium nitrate, and 
wood pulp or other combustible material 

Like 3, with addition of aramomum nitrate 

Nitroglycerin and nitrocotton 

Sodium nitrate, sulphur, and coal, sensitized by 
mtroglycerm 


7 Special explosives 
for coal mines 


Gelatin permissibles Used in 
very i^et work, especially 
for lifters” where coal is 
cut at roof 


Ammonium nitrate class 


Similar to 3 and 4, containing ammonium chlo- 
ride and sodium chloride to reduce the temp 
of detonation 


High percentage of ammonium nitrate, with low 
ptreeutages of nitroglycerin tnd wood pulp 


\nimomum nitrate class 


Ammonium nitrate, with small amount of 
organic mtro-compounds 


8 Explosives not con- 
taining nitrogly- 
cerin 


Nitrostarch class 


NitrosLirch, sodium nitrate, ammomum mtrate 
and combustible material 


Chlorate class 


Potassium chlorate or pierchlorate, with orgamo 
substances 


9 I iquid-oxygen explosives 


I iquid oxvgen and finely dnided carbon 


Note I ow -freezing modi6c ations of nearly all dynamites and gelatins are also on the market 
They have same essential composition as the ibove, with additional ingredienti, wlnrli ( luse them 
to remain unfrozen for a long tune at temp far below freezing point of other N G explosixes 


Properties The different types of high explosives (Table 3) vary widely in their 
properties iSoiiie are exceedingly quick, others relatively slow, still others intermediate 
in (luirkriefes dhev also vaiy in density, fiom the heavv gelatins to boine of the coal- 
Tiime powders, which aie very light High explosives are graded according to their 
strength compared v\ith straight dynamite, the only tvpe in which the grade stiength 
coi responds to actual percentage of nitioglyeeun contained iii the explosive The other 
types make up then strength by use of mtio-substitution com pounds, explosive salts and 
guncotton 

Straight dynamite containing only N G, NaNOs, wood meal, and an antacid (Table 1), 
IS taken as the standard foi detenninmg strengths of all types of dvnamite It is more 
oi Ic'ss pulpy, easily erunibled when wrapper is removed, obtainable in different strengths 
up to 00%, very quick, fairly waterproof, and the most scmsitive of the dviiamites A 
50-lb case contains 100 1 1/4 by 8-m sticks Straight dvnamites are suitable for work 
requiring strength and cjuickness, where water conditions are not too severe not recom- 
mencled where ventilation is poor High explosives made from tc'tianitio-diglveerol have 
a freezing point of —35° F 

Ammoma dynamites have explosive base consisting of N G and NH 4 NO 1 They are 
of same strengths as straight dynamites, but slightly slowei and less sensitive, are not 
easily ignited hy^ flame, and, hence, not liable to be lighted by side-spit of fuse Because 
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of the solubility of NH 4 NO 8 in water, they require more care in wet work than straight 
d 3 aiamites. 

Straight gelatins are distinguished by plasticity, high density, imperviousness to 
water, and comparative freedom of their explosion products from noxious fumes; good 
for wet work, or where ventilation is poor and where a “ permissible explosive " is unnec- 
essary. They contain guncotton dissolved in N G, making a jelly which coats the soluble 
ingredients, and imparts to latter its own characteristics. 

Ammonia gelatins are somewhat similar to the straight gelatins in plasticity, density 
and fumes, but they do not stand water quite so well. 

Blasting gelatin is a tough, elastic, jelly-like mass which, except for 1% of antacid, 
consists entirely of N G and nitro-cotton. It is the strongest and most water-resisting 
of all explosives. 

When loaded to fill drill-hole completely it is excellent for hard rock, especially where large 
holes can not be drilled. Owing to its elasticity it is diificult to make it fill the holes completely; 
whence, a loss of efficiency. Best results are obtained if explosive is charged with wrappers on; 
it can then be pressed in to fill the hole, without so much tendency to spring back and leave unfilled 
spaces. When soft and plastic, blasting gelatin is no more dangerous than other explosives, but 
when frozen it should be handled very carefully. It is dangerous to break frozen sticks of blasting 
gelatin. Use of a proportion of ethylene glycol with the glycerin, nitrated, makes a satisfactory 
low-freezing Blasting Gelatin 

Granular dynamites are mixtures of NaNOa and combustible dope in form of hard grains, with a 
smaU percentage of N G. They are free running, especially the lowest grade, known as H R P, 
containing 5% N G, which is m grains nearly corresponding in size to FF blasting powder. R R P 
dynamite is usually packed in paraffined bags, containing 12 1/2 lb. Granular dynamites are 
slowest of all dynamites, approaching black pow'der more nearly than other high explosives; not 
well adapted for wet w'ork, but resist water better than black powder; especially useful for stripping 
work in sprung holes and for loosening sand and earth 

Trinitrotoluene (TNT) is a brownish, yellow powder, the higher grades melting at about 80® C. 
It is chiefly used as a military explosive, occasionally as a freezing-point depressant in commercial 
explosives. TNT is about as strong as 50% Straight Dynamite, but, owing to very great oxygen 
deficiency, its explosion pioduces so much CO that it can not be used underground where ventilation 
18 poor. 

Picric acid has been used as an explosive. It acts somewhat like TNT, but is uncertain in its 
behavior and has the added disadvantage of staining everything with which it comes in contact a 
bright yellow. Neither TNT nor picric acid stands water very well 

Coal mining explosives. Permissible explosives, formerly called short-flame or safety 
explosives, should be used in mines containing dangerous amounts of inflammable gas 01 
dust. They have been used in the U S since 1902, when 11 300 lb were sold. In 1913, 
27 685 771 lb of permissibles were sold; m 1936, 47 859 019 lb; in 1943, 90 845 344 lb. 

“ Permissibles.” At the Pittsburgh testing station of U S Bureau of Mines, coal- 
mining explosives are tested to determine whether they meet dehnite requiiements for 
safety in “ fiery ” mines. Those which pass the prescribed physical and chemical tests 
are classed as “permissible” explosives (27), lists of which are published at intervals. 

The teats include firing “ blowm-out ” shots into explosive mixtures of gas and air, coal dust and 
air, or gas and dust with air, 111 a steel gallery. Explosives which do not cause ignition of such 
mixtures, and are also satisfactory as to chemical composition, stability, sensitiveness, and volume 
of poisonous gases evolved, are considered “ permissible,” when used under prescribed conditions. 
These explosives are recommended by U 8 Bureau of Mines for use in collieries, and m some states 
are required by law for dangerous mines Bureau of Mines bulletins describe methods of testing, 
results, and fees for testing explosives (21, 27, 30, 43). 

Classification of permissible explosives in the U S; (a) ammonium-nitrate explosives, '^containing 
NH 4 NO 1 as chief ingredient, are insensitive to shock, free from liability to ignition from sidc-spit 
of fuse, and produce small amount of noxious fumes; (5) hydrated explosives (now obsolete), 111 
which the desired reduction of temperature results chiefly from water of crystallization of salts 
included in their composition, (c) explosives of the organic-nitrate (other than N G class) include 
nitrostarch explosives; (d) nitroglycerin class comprises those containing N G which are not included 
in the other classes, and are now obsolete, the gelatin permissibles being far superior as to water 
resistance and freedom from fumei?. In each class are explosives of widely varying properties, and 
the selection of a suitable “ permissible ” depends largely upon local conditions (24, 27, 43). 

High explosives not containing H G usually contain no liquid ingredient which can 
freeze, a decided advantage in cold climates. They are usually lacking in plasticity, are 
often somewhat dusty, and have the disadvantages of low density, low strength, and low 
sensitiveness. They can not be used indiscriminately instead of N G explosives, but are 
useful for special purposes. 

I^w-freezing explosives, made from tetra-nitro-di-glycerin and ethylene glycol dini- 
Hraite, are similar in properties to other nitroglycerin explosives, but will resist freezing 
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at temperatures eonsiderabiy below the freezing point of nitroglycerin and may remain 
unfrozen for days or weeks at temperatures as low as —35° F, They are much superior 
to dynamites, having the freezing point lowered by the addition of nitro-aromatic com- 
pounds and have practically done away with the necessity of thawing explosives any- 
where in the United States. 

Liquid-oxygen explosives have not been successful in underground work in the U S, 
although used in the iron mines in Lorraine. They are also used extensively in coal 
stripping in the Middle West, where large blasts are made in the overburden. They are 
fired with electric blasting caps, or Primacord. Great care must be taken in their use, as 
the oxygen causes the grass or other combustible material around the operation to become 
extremely inflammable. Their principal advantage is cheapness; disadvantages are that 
they must be fired in a relatively short time after the cartridges of finely divided carbon, 
lamp black or gas black are dipped in the liquid oxygen, and strength of the cartridges is 
extremely variable. They are more sensitive to impact than any other commercial 
high explosive. 

They are fired with either fuse or electric blasting cap, but care must be taken that the 
liquid oxygen does not run down the fuse, as it is liable to explode prematurely. They 
have been used with some success in very large cartridges in well drill-holes for quarrying, 
and in Lorraine, France, in the iron mines, largely owing to the fact that for a time they 
escaped the government tax on explosives (14, 15). Chlorate of potash or sodium with 
a liquid nitro-aromatic (“ Rack-a-Rock *') is still used in some parts of the world. It 
has to be prepared immediately before using and it becomes unstable with age. 

Testing high explosives. While laboratory tests, however elaborate, can not entirely replace 
practical field testvS, m determining relative value of different explosives for any particular work, 
they can aid m selection, if carried out with suitable apparatus and by competent persons. No 
single apparatus or test is sufficient, since the practical value of an explosive depends upon many 
factors. Some of the more important factors, determinable in a well-equipped laboratory, are: 
Strength* determined in the ballistic mortar (5, 10) or in the Druckmesser. Quicknbss, or 
velocity of detonation* determined by the 
Hichel (1) or the Dautnchc method (10). 

Strength and Quickness combined* deter- 
mined by the Trauzl lead block test (2). 

(Note. For a discussion of the Druck- 
messer, Trauzl, and ballistic mortar tests, 

\vith comparison of results, see Rep Eighth 
International Cong Applied Cheni, N Y, 

\ ol 25, p 217). Safety in gaseous and 
dusty mines, determined by means of a 
tasting gallery, as at the testing plant of 
the U S bureau of Mines, J’lttsburgh (63). 

Other Factors are; propagating power, 
density, resistance to water, resistance to 
freezing, stability, and sensitiveness to 
impact Density of high explosnes is gen- 
erally expressed in number of 1 1/4 by 8-in 
cartridges per 50-lb cate. Fig 1 and Table 
i show the relation. 


Table 4. Approximate Number Cartridges per 60-lb Case 


Size of ctgc, 
in 

Straight 

dynamite 

AmnH»nia 

dynamite 

35% 

gelatin 

60% 

gelatin 

Semi-gclatin 
(high density) 

Semi-gelatm 
(low density) 

7/8 X 8 

205 

220 

167 

178 

204 

234 

1 X 8 

155 

167 

132 

142 

156 

178 

11/8X8 

127 

137 

111 

118 

130 

148 

11 / 4 X 8 

102 

no 

89 

96 

105 

120 

11/2X8 

75 

79 

59 

63 

75 

86 

2 X 8 

42 

45 

34 

37 

42 

48 


3. BLACK BLASTING POWDER 

“ A ” blasting powder (saltpeter) is made from KNO3, charcoal, and sulphur, 
in the approximate proportions of 75, 15, and 10. It is used mainly in quarrying, for blast- 
ing hard dimension stone, and for work in damp climates. 

“ B ” blasting powder (soda) is made from NaNOs, charcoal, and sulphur, in the 
approximate proportions of 72, 16, and 12. Because of its lower cost “ B ” powder is 

I— -5 



Fig 1 Stick Count of Cartridges ts Density 
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more commonly used than “A” powder, and is sufficiently strong for most of the purposes 
for which black powders are used Owuig to deliquescent property of soda niter, “B" 
powder is less desirable for use in damp climates, and for long transportation or storage 

Important properties. Black 



ccc 



powder is not made in different 
strengths like dynamite, but varies 
in quickness, depending upon size 
of grain Classes “A” and “B” 
are of different gianulations For 
“A” powder the common sizes 
are C, F, FF, and FFF, for “B” 



rr vpr «rrrr 

Fig 2 Standard Sizes of Black Powder Grains 


powder, CCC, CC, C, F, FF, FFF, 
FFFF The CCC grains, repre- 
senting largest size and rarely 
used, are about 1/2 m diameter, 
FFFF grains, the smallest, are 
about I /16 in diameter Fig 2 
shows the sizes to scale 


The finer granulations are quicker than the coarser, and are used for blasting rock, coking coal, 
etc, the coarser granulations are slow and are used for other coals, shale and earthwork, or wherever 
it IS desirable to heave out the material in large pieces, instead of shattering it (see \rt 9) Blasting 
powder is either glazed (polished) or unglazed Glazed powder is brighter, and more free-running 
than unglazed, and is more generally used Glazing does not increase efhc and produces more 
smoke The sp gr of black powder vanes from 1 5 to 1 9, usually about 1 S High sp gr results 
from compressing the powder to smaller bulk, with consequent reduction of air-spaces in the grain 
Black powder is unaffected by cold, but has little resistance to water, since niter is readily soluble 
Cardoz depends for its action on rupture of the disk at one end of a steel cylinder, filled with 
liqmd CO 2 and containing a heating agent somewhat similar to Thermite This gasifies the liquid 
CO 2 , breaks the disk and emits gas at end of the cylinder at bottom of the borehole Cardox is 
used m gaseous and dusty mines for producing lump coal 

Airdox Air from a portable compressor is pumped into a steel cylinder having a double-acting 
valve, which remains closed at the end of the cylinder as lung as press is applied inside cylinder 
When press is released the valve opens at head of cylinder, releasing the air Airdox ha<» the advan- 
tage over Cardox in that, with one unit, different pressures can be applied to the coal without change 
in the apparatus It is rather expensive, and so far has had limited application 

Pellet powder was mtroduced mto the U S m 1928, and m 1943, 20 607 900 lb were 
used, exceeding the amount of grain blasting powder by about ono-thiid 


The advantages of pellet powder aie numerous Being ni ide in rvlindtis of 1 l/l to 2 I /2 m 
diam and 2 in long, and packed four pellets in a paper wrapper, each pelU t h iving an ixial perfora- 
tion about 3/8 in diatn, it is easu r to gage the amount of explosivi needed lor i c( rt un shot tlian 
when giain powder is poured into a previously inadi paper tubt ^s the eiitiidgts an piotiotid 
by paper, there is kss danger from apaiks tailing into the explosne, ind tlit t iitndgi*'^ lx ing packed 
in a wooden box, like dynamite, theie is much less danger from handling, and tin In? ud ot driving 
a pick into the steel keg of black powder is eliminated Pellet powder ( in be uM'd in sornewliat 
wet holes, provided the charge is fired immediately aftir t imping It is best hied by an eUrtiic 
squib, safety fuse or a miner’s sqiub 


Composition of Explosives lasted 111 Table 5 

** Hv-Velocity Blasting gelatin is a modihr ation of Blasting gobitiu, by which the 
explosive reaches its maximum velocity at once*, rcgaidlcss of the watci jiicssure under 
which it IS used Not suitable for close work undei ground 

Du Pont “ Extra ” has high ammonia content and low rntioglycciin excellent fumes, 
but a veiy slow, heaving action, 135 to 170 cartridges, 1 Vi b\ 8 in, pm 50-lb rase 
“ Oelex ” No ^ is a low density, high ammonia, semi-gelatin, having a raitiidge count 
of about 120 , is fairly plastic, sticks well in uppeis, and is one of the best explosives for 
close work, also one of the most economical 

“ Red Cross ” blasting is a free running, granulai higli explosive, especially designed foi 
sprung-holes, although successful in certain kinds of work wheie theie is little moistuie 
“ Gelobel C ” a permissible of the semi-gelatm type, resists water well and has good 
fumes Much used for rock work m gaseous and dusty mines and for producing lump (oal 
where hard-rock bands are encountered 

“ Monobel ” is a permissible made m 5 grades, designated by letters A, B, i \ D and Is, 
"running from 135 to 205, 1 1/4 m by 8 in, cartridges pei 50-lb case They liave mudi 
lower velocities than the Duobels, and with the lattei comprise a senes of penrussibles 
adapted to every type of coal mining where the work is diy 
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Table 5. Brands of Explosives and Uses to Which They Are Adapted 


Class of work 

Explosive recommended 

Class of Work 

Explosive recommended 

Artesian wells 

Hi-velocity 80% blast- 

Ore mines 

Gelex 1 and 2 


s 

E , 

a 

Coyote tunnels . . . 

Nitramon 

Boulders 

Block-holes . 

Du Pont Extra D-H 

Mud-caps . . 

Hi- velocity gelatin 40% 

Block-holes 

Du Pont Extra D-H 

Snake-holes. . 

Gelatin 40-60% 

A,r- ( Sprung 

Red Cross Blasting 

Clay 

mining' 

Open- 1 

pit . . 1 

Wet 

Dry 

Gelex 2 

Pellet powder 

Ked Cross blasting 

hammer-! ... 
hole* 

t sprung . 

Du Pont Extra 

Well-lrill holes . 

Nitramon 

LI nder- 
ground 

[Wet 

Gelex 2 

Salamanders .... 

Blasting gelatin 

[Dry 

Pellet po\vder 

Salt mining 

LV Du Pont Extra 

Coal 

mining 

Non-gaseous. . 

Pellet powder 

Scrapping old machy 

Straight 40-60% 

Gaseous | 

^Wet 

Gelobel C 

Shaft sinking ... 

Du Pont gelatin 40- 60% 

IDry 

Monobel or Duobel 
Lump Coal C 

Stripping 

Well drills . 

Nitramon 


Hammer ‘ ' ' 

drills ' ^ 

Dry. . . 

Gelatin 40% 

Red Cross Extra 

Concrete and masonry . 

Red Cross 40% 

Foundation excavations 

iSpecial gelatin 30-40*^ 0 


Red Cross blasting 2-4 

Gulhes • « • 

Red Cross blasting 2 


Springing . . , . 

Straight 40-60% 

Gypsum 

mining 

1 Open-pit . ! 

Gelex 2 

Sprung-holes. . . 

Red Cross blasting 2-3-5 

[Underground 

Du Pont Extra E-l, G-l 

Submarine blasting . 

Hi-velocity gelatin 
Straight 60% 

Ice blasting 

Gelatin 40^'o 

Log jams 

Straight 40-60%) 

Tunneling and drifting 

Gelatin, Du Pont 
or Special 40-60% 


Du Pout Extra D-E 

Lime- [ 
stone < 
minuig ( 

iTitnu-ioaufo 


Machine- 
• loaded 

Du Pont Extra C-l to 
F-1 

Open- 

pit 

mining 

Sprung 
holes. . . 

Airhamn: 

Ixilcs 

j Wcll-(lnl 

Wet 

l)r> 

ler 

1 holes 

Gelatin 30%i 

Led (’rf)8s bhi'^tnig I 

Gelex 2 

(h'lalin and Du Pont 
I'xtras 


“ Diiohel ” is the name of hiKh-velocity ptM nussiblos, lettorod from A to G and running 
from 135 rartndKt^*^^* 1 V4 by 8 in, per 5()-lb cai>c for Duobel A, to 250 for Duobel G. 

“ Lump (\)(il ” C is a now permissible havinfi; medium density and extremely low 
velority. At present made only in cartridges I 1/2 and 2 in diam. It runs 1 18, 1 V 2 by 
8 in, cartridges per 50-lb case. 

“ lied Cross ” Extra dynamite is an ammonia dynamito of high density, averaging 102 
to 106 cartridges, 1 ^/4 m by 8 in, per 50-lb case. Strengths are from 15 to 60% and 
suited to a wide vai icty of work. 

“ especial ” gelalxn is an ammonia gelatin similar in most respects to du Pont gelatin, 
but not (piito so water resisting and not adapted for very wet work, like submarine 
blasting. Its fumes are considered slightly better than straight du Pont gelatin; not 
quite so dense as the latter. 
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“ Seismograph Hi-Velociiy ” and “ Seismogel ” are specially designed and packaged to 
meet the demands of seismic prospecting, for which see Sec 10-A, Art 4 and Tables 
XV-XIX. 

Straight dynamite consists of N G, nitrate of soda, wood pulp and a small amount of 
chalk. It is the only explosive at present in which the grade corresponds to actual per- 
centage of N G. Has very poor fumes and should not be used underground. Very quick 
in its action and especially adapted for propagation shooting of ditches. 

Du Pont “ Extras ” D-f , E-t, F-1 and G-1 are of considerably lower velocity than the 
regular du Pont Extras, but in other respects are similar. 

“ Nitramon ” is a new blasting agent, not of itself explosive; that is, it is so insensitive 
that it can not bo detonated by a blasting cap or impact of a rifle bullet. Requires a special 
primer to explode it. It is put up in tin cans from 4 in to 8 in diam, and 21 in to 24 m long, 
the 21-m being the length of the 8-in diam can. Has been used veiy successfully in quarry 
work, well-drill holes and tunnels, and, when used with Prirnacord, is the safest blasting 
agent now known. 

Blasting gelatin consists of N G and mtrocotton only, and is the strongest explosive 
known. Used where greatest strength is lequired, regardless of expense. 

4. TRANSPORT OF EXPLOSIVES AND BLASTING SUPPLIES 

Transport by rail. A shipper of explosives should bo familiar with local ordinances, 
state and federal laws, and the regulations of the Interstate Commerce Commission P>y 
Act of Congress, March 4, 1900, effective Jan 1, 1910, and as amended March 4, 1921, the 
Interstate Commerce Commission has power to regulate interstate transport of explosives. 
These regulations specify that explosives to be shipped by rail must pass certain tests for 
stability and sensitiveness, that containers shall stand specified tests for strength, and that 
cases and contents be packed in a prescribed way. Nearly all makers of explosiv'es doing 
RR business pack their products to comply with the regulations. Copies of legulations 
are obtainable from Bureau of Explosiv^es (17, 33). 

Explosives which can not be shipped by rail include: 1 Liquid nitroglycerin. 

2. Dynamite containing over 00% N G (except gelatins), see Table 2, No 3, 4, and 5. 

3. Dynamite having an unsatisfactory absorbent, or showing signs of leakage of N G. 

4. Nitro-ceilulose in a dry condition, in quantities over 10 lb, in one outside package. 
6. Dry fulminates in bulk. 

The matter of forbidden explosives is of interest to the user mainly m connection with condition 
of his stock, in ca.se of reshipment, then item 3 above becoiue.s important. Dynamite stored for a 
great length of time, or under adver.se temperatuic conditions, may exude N G, and become unlit 
for rail transport. With proper storage, reasonably rapid movement of stock, and care to use old 
stocks first, this condition should not arise If neces.sary to .shij) by rad explosives not acceptable 
under Interstate Commerce Commission regulation.s, these explosive.s may be icpackod only when 
authorized by Bureau of Explosives No explosives in broken or damaged packages should bo 
offered for rail shipment. The aforementioned Act of Congres.s make-s it a cnnunal otTcnse to ship 
explosiv^es on common earners carrying passengers for hire, or to offer for shipment any explosive 
under deceptive markings. 

Explosives which must not be shipped together. The Bureau of Explosives publishes 
a chart showing the explosives and other inflammable artKle.s winch must nut be shipped 
together. A specially important regulation is that blasting caps must not be shipjied or 
stored with high explosives. 

Condition of cars. R R cars in which explosives are shipped must be carefully 
inspected, and must comply with certain specifications. They must also bo certified and 
placarded in uniform manner, as well as loaded and braced in a specified way. 

Carload shipments. The Interstate Commeico Commission regulations permit 
shipment in one car of not more than 70 000 lb gross weight of explosives. The minimum 
quantity taken at carload prices varies with different railroads and m different parts of 
the country, ranging from 17 500 to 40 000 lb. Consignee must remove shipment of 
explosives from carriers’ property within 48 hr after notice of arrival at destination , many 
railroads allow only 24 hr. 

Shipment by boat. Navigation laws must be complied w'ith, also all local regulations as to 
authorized docks and quantities which may be unloaded. Jfegulations prohibiting transport of 
caps with dynamite apply whether the vessel is under Interstate Commerce Commission jurisdiction 
or not; but it is permissible on large vessels, in certain cases, to carry caps in special compartments, 
entirely separate from the cargo of high explosives and at safe distance therefrom. 

Shipment by wagons or trucks. Special care should be taken that vehicles used for transport of 
explosives are in good condition and preferably provided with .springs, free from excess grease and 
oil, and that any exposed metal on the inside of vehicle is protected, to prevent its coming in contact 
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with the explosives. Never overload vehicles. Put no metal or metal tools in the bed or body of 
vehicle carrying explosives. See that explosives transported in open-body vehicles are well covered, 
to protect them fiorn sun and weather. 


6. SHIPPING CONTAINERS 

Black blasting powder for general use is shipped in kegs of two sizes, known as kegs 
and half-kegs, contHiiiiiig 2o and 12 1/2 lb of powder, or in 5-lb cans usually packed 20 in a 
box. Much of the black powder for anthracite coal helds is packed in paper cartridges 
or “skins,” of 12 1/2 lb of powder Two “ skins ” (25 lb of powder) are packed together 
in a long can. Approx gross weights of packages of black powder are 

2.'5-lb keg with contents, 27 1/4 lb, 12 V 2 -lh keg with contents, 13 3/4 lb; 20 5-lb cans, with con- 
tents and shipping box, 13.) lb, 25-lb can, )\ith coiUenls in two cartridges, 29 lb. 


High explosives are contained in cylinilncal cartiidges, about 8 in long by 7/3 to 2 in 
diameter. Cartridges are usually packed in wooden boxes or cases, 25 or 50 lb to the case. 


Table 6. Distances for Magazines, American Practice (16) 


B1 isting and elcotrio 
blasting caps 

( )ther explosives 

Inhabited 
building«, 
barncadf'd * 
(Feet) 

Public 
railway, 
barricaded * 
(Feet) 

1 

Public 
highway, 
barricaded * 
(Feet) 

Numb( r 

o\ or 

Number 
not over 

Pounds 
o\ er j 

Pounds 
not o\cT 

1 000 

5 000 



15 

10 1 

5 

5 000 

10 000 



30 

20 

10 

10 000 

20 000 



60 i 

35 

18 

20 000 

25 000 


50 

73 i 

45 

23 

25 000 

50 000 

50 

100 

120 1 

70 

35 

50 000 

100 000 

100 

200 

180 j 

110 

55 

100 000 

150 000 

1 200 

300 

260 1 

155 

75 

1 50 000 

200 000 

300 

400 

320 

190 

95 

200 000 1 

250 000 

1 400 

500 

360 

215 

no 

250 000 

300 000 

! 500 

600 

400 

240 

120 

300 000 

350 000 

600 

700 

430 

260 

130 

350 000 

400 000 

700 

800 

460 

275 

140 

400 000 

450 000 

800 

900 

490 

295 

150 

450 000 

500 000 

900 

1 000 

510 

305 

155 

500 000 

750 000 

1 000 

1 500 

530 

320 

160 

750 000 

1 000 000 

1 500 

2 000 

600 

360 

180 

1 000 000 

1 500 000 

2 000 

3 000 

650 

390 

195 

1 500 000 

2 000 000 

3 000 

4 000 

710 

425 

i 210 

2 000 000 

2 500 000 

4 000 

5 000 

750 

450 

225 

2 500 000 

3 000 000 

5 000 

6 000 

780 

470 

235 

3 000 000 

3 500 000 

6 000 

7 000 

805 

485 

245 

3 500 000 

4 000 000 

7 000 

8 000 

830 

i 500 

250 

4 000 000 

4 500 000 

8 000 

9 000 

850 

SIO 

255 

4 500 000 

5 000 000 

9 000 

10 000 

870 

520 

260 

5 000 000 

7 500 000 

10 000 

1 5 000 

890 

535 

265 

7 500 000 

10 000 000 

1 1 5 000 

20 000 

975 

585 

290 

10 000 000 

1 2 500 000 

20 000 

25 000 

1 055 

635 

315 

12 500 000 

1 5 000 000 

25 000 

1 30 000 

1 130 

680 

340 

1 5 000 000 

1 7 500 000 

30 000 

35 000 

1 205 

725 

360 

17 500 000 

20 000 000 

35 000 

40 000 

1 275 

765 

380 



40 000 

45 000 

I 340 

805 

400 



45 000 

50 000 

1 400 

840 

420 



50 000 

55 000 

1 460 

875 

440 

Note* Distances for 1 25 000 

55 000 

60 000 

1 515 

910 

455 

to 225 000 lb: 

from inhabited 

60 000 

65 000 

1 565 

940 

470 

bldgs, 1 900-2 095 ft; from 

65 000 

70 000 

1 610 

970 

485 

R Its. 1 140-1 260 ft; from 

70 000 

75 000 

1 655 

995 

500 

highways, 570-630 ft The 

75 000 

80 000 

1 695 

I 020 

510 

full schedule prescribes dis- 

80 000 

85 000 

1 730 

1 040 

520 

tances for quantities up to 

85 000 

90 000 

1 760 

1 060 

530 

500 000 lb. 

1 

90 000 

95 000 , 

1 790 

1 075 

540 



95 000 

100 000 

1 815 

1 090 

545 



100 000 

125 000 

I 835 

1 100 

550 


♦ Barricaded, as here used, signifies that the building containing explosives is screened from 
other buildings, railways, or from highways by either natural or artificial barriers. Where such 
barriers do not exists the distances should be doubled. 
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Character of cases, as to strength, thickness of wood and construction, is regulated by 
Interstate Commerce Commission. The number of cartridges of each size in a 50-lb 
case is fairly regular for any given kind of dynamite. (See Table 4.) 

Approx wt per cu in: Gelatin (straight and ammonia), 0.97 oz; Dynamite (straight, ammonia, 
and granulated), 0.85 oz, Colliery powders, 0 63 oz. (Note. There are some exceptions, also a 
few explosives, such as the low granulated dynanutes, which are packed in 12 1/2-lb paper bags, 
4 bags to a case ) 

Blasting supplies. Caps are packed in tin boxes, containing 100 caps, and the boxes in wooden 
cases of 500, 1 000, 2 000, 3 000, or 5 000 caps. Electric caps and electric squibs are packed in 
cardboard boxes containing 25 or 50 each, and these are packed in wooden cases of from 250 to 500 
caps or squibs Safety fuse is in coils of two 50-ft lengths, shipped in wooden boxes containing 
from 1 000 to G 000 ft. 


6. STORAGE OF EXPLOSIVES AND BLASTING SUPPLIES 

Explosives should be stored in well-ventilated buildings, erected for the purpose. 
Buildings for stoiage of black powder or blasting supplies should lie fireproof; thohc for 
dynamite, both bullet-pioof and fireproof. 

Location of magazine. In selecting a magazine site the local topography should be considered, 
and advantage taken of such natural protection as is afforded by hills and areas of timber. The 
magazine should be far enough from adjacent buildings to minimize danger to life or property 
through an accidental explosion. 

Table 6 gives distances depending upon quantity of explosives required, 1010, to be maintained 
between magazines and inhabited buildings, public railways, and public highways. 

It IS the result of an investigation of a committee appointed by the explosives manufacturers of 
the U S, and represents conclusions reached after prolonged study of available data. The Ibireau 
of Explosives of American Railway Association has approved and applies the distances specified 
to be maintained between magazines and public railways When there are sperifn state l.iwa and 
local regulations, they must be complied with, but if there be none, the table of disfiinces gives the 
accepted practice. Where explo.sives are chatributed among .several magazines the distances between 
magazines should comply with the following formula (distances given are for magazines fully pro- 
tected from each other by natural or artificial barriers, lacking such protection, distance should be 
doubled) For magazines containing 25 000 lb or under, not less than 100 ft, for magazines con- 
taining over 25 000 lb, add 1 1/3 ft for each 1 000 lb of explosives added W’hen applying Table 6 
for location, if magazines are nearer than the above distances, they should be classeii ns one magazine 
containing total quantity of explosives stored in all Magazines containing blasting caps should 
never be nearer than 50 ft to any other magazine, and if quantity is over 20 000 caps, distance 
should be at least 100 ft. 

aisles: 

The.so capacities are 
based on sizes of dyna- 
mite cases (Art 5) If 
permiBsiblcs or the more 
bulky powders are 
stored, capacities will 
be comewh.it reduced 

Magazines of these sizes are for temporary use, and should therefore bo as .small as 
possible for quantity of explosives stored. They are for consumers using explosives in 
2 or 3 sizes or grades; dimensions are therefore minimum for given quantities, leaving 
floor space sufficient only for a man to enter magazine when filled to capacity. 

Dimensions of magazine with aisle from front to back and cross aisle through center: 

In constructing a 
magazine considera- 
tion should be given 
to permanency of 
storage, variety of 
explosives, quantities 
in which shipments 

to magazine will be made, and ease of replenishing stock from distributing magazines. 

Construction specifications. Stone and concrete magazines are undesirable, because 
of danger from missiles in case of accident. Brick or sand-filled magazines may be used 
for dynamite, black powder, or blasting caps. Wood and iron magazines without sand 
filling are suitable for black powder; other types may be used, but this is the most inex- 
pensive construction; it is not recommended for dynamite, because it is not bullet-proof. 
The nature and thickness of walls varies with tho kind of small arms in general use in 


Capacity 

Dimensions 

Capacity 

Dimensions 

5 000 lb 

10 000 

15 000 

20 000 

8 ft X 9 ft 

10 X 12 

12 X 12 

12 X 16 

25 000 lb 

30 000 

40 000 

50 000 

12 ft X 18 ft 

12 X 20 

14 X 22 

i 14 X 24 


Construction of magazines. Dimensions of magazine without 


Capacity 

Dimensions 

Capacity 

Dimensions 

5 000 lb 

10 000 
)5 000 

20 000 

8 ft X 8 ft 

8 X 10 

8 X 12 

10 X 12 

25 000 lb 

30 000 

40 000 

50 000 

12 ft X 12 ft 

12 X 14 

14 X 16 

14 X 18 











4-14 


EXPLOSIVES 


(a) Dynamite magazine of brick. Fig 3 shows a brick dynamite magazine 14 ft wide and of 
any desired length consistent with this width. 

Foundations may be of brick, stone, or concrete. They should reach below frost line, or to a 
good bearing material. 

Wails are 9 in thick, laid in cement mortar. ,Use as soft a brick as possible, consistent with good 
quality and durability. 

Bullet-proof roof consists of ceihng-joists, floored as shown. A box is formed above this flooring 
by a 6-in strip around walls, the box being filled with 4 to 6 in of sand. Bullet-proof roof construc- 
tion also helps to maintain a uniform temperature. 
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Fig 4. Bullet-proof Door for Magazine shown m Fig 3 


Roof. Rafters covered with rough boards or ship-lap, and then \Mth No 24 corrugated galvanized 
iron. The iron should have side lap of not less than two couugations, and end lap of not less than 
6 in. Tin roof may be used, but is more expense e. 

Lining. Brick walls are lined with 2 by 2-in nailing strips, covered with 1 by 6-in boards, 
forming a lattice work. Nails should be countersunk. The purpose of lining is to keep stock away 
from walls and assist ventilation. 

Cornice. Merely a strip of No 24 flat galvanized iron, bent and fastened over ends of rafters. 
All iron should be put on with galvanized nails and lead w-ashers 

Floors. 1 3/g-in matched flooring, or a sub-floor of 7/8 covered with 7/g-in matched flooring 
Note that floor stops 2 in from brick w^all, to provide ventilation from under floor. 

Ventilation. Foundation is ventilated as shown in Fig 3. Roof vents should be Star or Globe 
ventilators, or equivalent, size and number depending on climate, and size of building. 

Doors. Fig 4 shows details of door for magazine shown in Fig 3 


(b) Wooden dynamite magazine, covered with iron and sand-filled (Fig 6). 

Foundation may be of posts, brick, stone, or concrete, as best suited to local conditions. 

Walls are of two rows of 2 by 4-in studs, spaced as shown, desired quantity of sand determining 
spacing of studs across wall. Studs are held parallel by nailers at top, bottom, and intermediate, 
in number sufficient to prevent spreading under weight of sand. Studs are covered outside and 
inside by 7/8-in matched boards, to prevent sand from leaking away. Space between is filled with 
coarse sand (never use coarse gravel or broken stone because of possibility of their becoming missiles). 
Lower foot of filling to consist of a weak mixture of sand and cement, to prevent remainder of sand 
from leaking away. Outer sheating is covered with No 24 flat galvanized iron. For other details, 
the specifications for brick magazine apply. When post foundations are used the board apron 
should be ventilated by holes, 8 by 4 in, covered with punched sheet steel. 


(c) Black blasting powder magazine. Fig 6 shows a wood and iron magazine for black powder 
or blasting supplies. 

Walls. Of 2 by 4-in 2 by 6-in studding, covered on outside with T/g-in boards and No 24 flat 
galvanized iron; on inside, by 1 by 6-in lattice work. 
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Rooft cornice and floors (see specifications for brick magazine). 

Foundation and ventilation (see specifications for sand-filled magazine). 

Door. Standard door for this type magazine consists of two thicknesses of VS'in boards, 
covered with iron of any desired weight, No 22 being considered the hghtest for security. Either a 
mortise lock or padlock may be used. 

(d) Iron storage magazine. A “knock-down” iron magazine is manufactured, which is satis- 
factory for northern or temperate climates. Obtainable in sizes from 0 by 8 ft to 15 by 30 ft. 




When used for dynamite storage, it should be made bullet-proof by lining with 3 or 4 in of hard 
wood, or with studs and sheathing, sand-filled, or w'lth brick. 

(e) Small portable magazine, for storage of small quantities of explosives within mine or quarry, 
or at stores, or within city limits. A box may be made of 2-in oak, or other hard wood and covered 
with sheet iron. For dynamite, iron should be at least l/ie in thick. Top of box, of like material, 
should be on hinges. Inside metal should be countersunk. Box should be kept locked and marked 
to indicate contents. 
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Care of stock in magazines. Magazines should be so constructed and located that 
they will not be brought to high temperatures by rays of sun. N G becomes less viscous 



Fig 6. Black Powder Magazine 

at high temperatures, which may cause the dynamite to leak. In hot climates metal 
magazines should be iirotected by double loof and sides, with good ventilation between, 
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BO that temperature in magazine will not rise above outside temperature. Dynamites 
containing large proportions of nitrate of ammonia, such as the ammonia permissibles, 
are liable to become set, so that, when subjected to high temp, they are difficult or impos- 
sible to prime. Painting roofs and sides of iron magazines wjth aluminum paint reduces 
the temp when magazine is exposed to sun’s rays. Take care to keep dynamite dry, 
especially the ammonia dynamites, as they contain hygroscopic salts, and in humid 
climates may eventually attract enough moisture to impair their sensitiveness and strength. 
When dynamite is shipped in winter at very low temperatures, it should not be sent down 
immediately into the nunc, as cold dynamite may condense enough moisture in the warm 
humid mine to impair its efficiency. Magazines should always be in charge of one person, 
responsible for condition of magazine and stocks, and their proper and safe handling. 

Rules for dynamite and powder magazines. 

Explosives must be handled carefully. 

Do not throw down boxes of explosives violently, nor drag them along the floor. 

Do not open boxes of dynamite or powder kegs in or near magazine. 

Do not have in or about the magazine loose cartridges, open boxes of dynamite, or loose powder. 

Do not make up primers in the magazine. 

Do not smoke, have matchevS, oil-burning lamps or lanteins, fire-arms or cartridges in, or near, 
magazine. If aitificial light be needed, use electric flashlight or electric lantern. 

Do not store blasting caps nor electric blasting caps in this magazine. 

Store dynamite and black powder separately Store dynamite boxes flat, top side up, grades 
and brands showing: store powder kegs on sides with seams down, or on ends, bungs down. 

Powder kegs should be rolled over and contents shaken every 2 or 3 months. 

Always use old stocks first. 

Keep magazine floor clean. 

Keep the ground immediately around magazine clear of leaves, grass, trees, stumps, and debris, 
to prevent fire from reaching it. 

Do not allow any shooting in neighborhood of magazine 

Keep the door locked. No unauthorized person should be admitted to magazine. 

Do not keep any steel, or metallic toots or other implements, in the magazine. 

See that good ventilation i.s maintained during all seasons of year. 

W hen repairs have to be made to interior of magazine, all stocks of explosives should be removed 
to safe distance and carefully protected from weather during progress of repairs. Before starting 
repairs in a black-powder magazine scrub floor with water If dynamite has been stored in a maga- 
zine, any stains on floor should be carefully scrubbed with solution consisting of. 1/2 water, 
1 gal denatured alcohol, I/4 gal acetone, 1 lb sodium sulphide (fused) or potassium sulphide. 

Rules for blasting-supply magazines. 

Store bl.'isting supplies only in this magazine, i e, blasting caps, electric blasting caps, and fuse. 

Do not store powder or dynamite in this magazine 

Do not have loose blasting caps, electric blasting caps, nor coils of fuse lying around magazine, 
nor take them out of original packages until reijuircd for use. Keep packages closed. 

Open boxes with a wooden mallet, except when lids are screwed on; then use a screw driver. Do 
not keep any other metallic tools in magazine. 


7. HANDLING OF EXPLOSIVES AND BLASTING SUPPLIES 

The Interstate Coinmoieo Commission in matters of transportation, and the majority 
of statc.s in framing their laws, recognize that explosives are a commercial necessity, and 
furthermoio that they can he handled wuth reasonable safety. Nevertheless, one must 
always rt'cogmze their nature, their function is to explode. All ow’ners of explosives 
should require employes to observe rigidly the rules and regulations which experience has 
shown will bCvSt conserve safety of the men themselves, as well as of the public. 

From cars or boats to magazine. Use only wooden or non-sparking metal tools in breaking the 
bracing in enrs. Wooden wedges and mallets answer all practical purposes. Damaged or broken 
cases or kegs found in shipment should be .set aside, and not taken to magazine wnth undamaged 
stock. If damage is slight, the cases or kegs should be taken to a safe distance from magazine, or 
from car, and repaired. If damage 10 too great for repair, take explosives to point of consumption 
and use immediately. If bioken cartridges or loose grains of powder are scattered in the car, they 
should be carefully swept up and removed before proceeding wTth unloading, and afterwards 
destroyed. If theie is a railroad siding to magazine, and runways and trucks are used, there should 
be no exposed metal on runways, and trucks should be rubber-tired If an inclined chute is used, 
make of l-in planed boards, with 4-in side guards throughout its length, hastened w'ith brass screws. 
D-ahaped atnps or runners, not more than 6 m apart and running length w-ise of chute, should b© 
fastened by wooden pegs to upper surface of bottom board. When dynamite packages are being 
handled, wipe down chutes with waste moistened with machine oil. A mattress, 4 by 6 ft, and not 
less than 4 m thick, or a heavy jute or hemp mat of like dimensions, should be placed under dis- 
charge end of chute. Chute must not be so steep that packages slide too rapidly. With a long 
chute, station men at frequent intervals along it, to check speed of packages and prevent bumping 
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together. Do not rehandle or switch the car to other points after the bracing has been removed, 
in case part of shipment is to go to another point, the part remaining in car should be rebraoed 
(according to Interstate Commerce Commission regulations) before car is offeied for shipment. 
The load on any vehicle should be braced. Always protect explosives fiom weather. 

Within mine or quarry. Same rules and regulations should be adopted as apply 
around magazines and elsewhere above giound. Never bring exposed lights close to 
explosives. Only the smallest possible quantity for economic handling or operation 
should be taken underground at one time. In transporting into the mine by cage or 
tram-car, only the man in charge should be permitted to nde in same cage or car with 
explosives. Primers should be made up at a point entirely sepaiatcd from regular stock of 
dynamite. If made up above ground, they should be taken into mine at a separate time 
and in separate car from other explosives. In opening dynamite cases, use no metal tools 
other than those made of non-sparking niateiials, wooden wedges and mallets are best. 
Blasting-powder kegs should be opened by tin mug back the four clips at the bung and 
lifting the cap and paper washer with the fingers. Never drive a hole in a powder keg 
even with a wooden pin. The rather common practice of diiving a pick or other tool 
through the keg is dangerous. If possible, avoid leaving dynamite or powder in mine 
over night. If this can not be avoided, the explosive should be left in a place set aside 
for that purpose, protected from dampness, and posted so that all poisons will know nature 
of material stored. 

Thawing frozen dynamite. Practically all high explosives now made in the U S 
are formulated on the low’-freezmg oi non-freezing basis, so that thawing dynamite, with 
its attendant hazards and expense, has ceased to be a factor. 

Disposition of damaged explosives. Dynamite to be destroyed should bo removed 
from magazine in quantities not exceeding 100 lb, to a safe })lace 400 to 500 ft distant from 
any magazine, and 1 000 ft or moic fiom any dwelling, building, public road, or lailroad, 
where, m event of its exploding while buining, no damage will be done. Lids of boxes 
should be carefully removed with wooden wedge and mallet, each cartridge slit, and the 
opened cartridges spread upon the ground o\er as large a space as practicable. To insure 
proper burning of the dynamite, spiead a quantity of stiaw', paper shavings, or excelsior 
on ground first, on which dynamite is placed. A chain of straw paper, or other mateiial, 
is then led aw^ay from the dynamite to such a distance that it may be lighted without 
danger of flame reaching the dynamite befoie opeiator leaehes a position of safety, which 
should be 400 or 500 ft distant. Explosions sometimes o( cur, e^ eii with caie, and operator 
should never remain near the buinmg explosr e Black powder may be destroyed by 
pouring it into a stream or large body of w^ater, the gieater pait (iiucKIy dissohes and 
remainder becomes harmless. Cases w'hich have contained dynamite are dangcions, 
they should not be used again for any put pose, but should Ijc binned, using same precau- 
tions as desciibcd above for destroying danirged dynamite. 

To destroy damaged blasting caps, place them, not iroie than 100 at a time, in a paper 
bag containing a .small dynamite caitridge, wdtli a good ehatne blasting cap m the middle, 
or in contact with the damaged caps, put the bag in a hole in the giound, cover it with 
sand, and fiie with a blasting machine from a distance not less than 200 ft. Fuse and (*ap 
can be used with care when the bag and dainaeed (aj s aie (oni| letely covered. If it is 
impossible to dig a hole, the caps may be diow red m deep w’afni , but not in rivers, ponds or 
creeks. Before being dcstioyod, electric blasting caps .should have their wiies cut off an 
inch or two from capsule, as the w ires are liable to cushion the shock and pi event oompleto 
explosion of all the caps Observe utmost caution in haiidliiig blasting caps, ae they aro 
extremely sensitive to shock, fiiction, heat, and soaiks. 

Precautionary Pules: 

Don’t forget the nature of explosives, but rclncmbei that with proiior care they can 
be handled with comparative safety. 

Don’t smoke while handling explosives, and don't handle them neai an open fiame. 

Don’t leave explosives m a field wheie cattle can get at them. Cattle like taste of 
soda and saltpeter in explosives, but the other ingiedients may make them sick or kill them. 

Don’t carry loose caps m the clothing. Keep them m their boxes. 

Don’t tap or attempt to open a blasting cap oi elect? ic blasting cap. 

Don’t try to withdraw wires from an electiie blasting cap 

Don’t attempt to take caps from the box by inserting a wire, nail, or other sharp 
metallic instrument. 

Don’t store or transport blasting caps or electric blasting caps with high explosives. 

Don’t store fuse in a hot place, as this may dry it out so that uncoiling will break it. 

Don’t allow priming (the placing of the detonator in dynamite) to be done in thawing- 
house or magazine. 
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Don’t leave explosives, caps, or blasting machines in a wet or damp place. Keep in a 
suitable, dry place, under lock and key, and where children or irresponsible persons 
can not get at them. 

Don’t use frozen or chilled explosives; it is dangerous and wasteful. 

Don’t thaw dynamite on heated stoves, rocks, sand, bricks, or metal, nor in an oven; 
don’t thaw dynamite in front of, near, or over, a steam boiler, forge, or fire of any kind. 

Don’t heat thawing-houso with pipes containing steam under pressure; high tempera- 
ture is dangerous and escaping steam may spoil the explosive. 

Don’t place a hot- water thawer over a faie, never put dynamite into hot water, nor 
allow it to come in contact with steam. 

8. CHARGING AND FIRING EXPLOSIVES (See also Sec 5, 6) 

Priming is the placing of a detonator, electric blasting cap or blasting cap attached to 
fuse, in a dynamite cartiidge, or placing an electnc squib in a cartridge of blasting powder 
or pellet powder. For high explosives, place detonator so that its closed end points 
toward bulk of the explosive. For rotation shots it is advisable to put primer at or near 
bottom of hole, with the detonator pointing toward the collar, to prevent the primer from 
being thrown out in case the collar of the hole is cut off by a previously filed shot. If primer 
IS inserted last, place the detonator so that its closed end points towaid bottom of hole. 



Fig 7. Methods for Pruning Dynamite. A and C are recommended; B, often used 

Fig 7 shows methods foi priniiug dynamite, (A) with cap and fuse, (B) with electric bhivSting 
cap, in cartridges of 1 Vs ni diam or less, (C) with electric cap, in cartridges of 1 V4 ni diam 
or more. 

The detonator should lx* so secured that it will not change its position, nor jam against 
sides of hole, nor come in contact with tamping stick. In priming dynamite with cap and 
fuse, the fuse should never be “ laced ” or run through the cartiidge, because “ side-spit ” ot 
fuse will often ignite dynamite, a part of which will burn, decreasing efficiency of charge 
and producing noxious fumes. To]) of cap should bo imbedded ’ > in deep in the dynamite, 
to cushion it from tamping stick. This small length of fuse will not side-spit before cap 
explodes. 

Charging. Eliminate all air spaces by slitting cartridges lengthwise with a sharp 
knife and pressing them firmly home, so that they expand and ontii ely fill the hole. Excep- 
tions to this are. (a) Blasting gelatin should not be slit, as it is so elastic that it can not be 
rammed solidly like other dynamites; (h) in certain veins of coal an air space is purposely 
left to cushion action of explosive and so prevent undue shattering. 

There are 4 methods of " cushion ” blasting (Fig 8) : (a) leaving an air space of 4 to 6 in or more at 
bottom of hole, {b) using curtridgoa of much smaller diam than the hole and not expanding them; 
(c) leaving a spacer at the end of the cartiidge and tamping up solid to the spacer, (d) putting in 
the first and second dummy of tamping very lightly, or using rock dust for the first dummy. 
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Tamping is required in practically all work except springing a hole (see below). The 
word ** tamping ” is now used to designate the act of compacting the explosive or the 

stemming in the drill holes, while 
“stemming” designates the material 
used for confining the explosive. Stem- 
ming is necessary for all explosives 
to develop their full power, to minimize 
amount of poisonous gases evolved, and 
to do the work at least cost. The only 
possible excuse for not using stemming 
is if misfires are expected, and these 
can generally be avoided by careful 
pi lining. It IS easy to insert another 
primei and explode the missed charge if 
no stemming is used. Clay, sand, and 
loam make best stemming. Broken 
rook, screenings, and ore dust serve 
fairly well, but are liable to break or 
cut the fuse or wires. 


Tamping is sometimes slighted in charg- 
ing high explosives. But it should not be 
neglected, it produces better confinement 
of the charge, and the stronger the con- 
fiement, the conipleter the reaction, the 
more effective the explo.sion, and the more 
nearly do the ga‘?es appioach the chemist’s 
ideal of consisting only of ("02, N and 
steam Vv lienever bad fumes appear, look 
to the tamping and make sure that it is 
adequate. 

Sprung holes. A drill-hole may be 
“straight” or “sprung ” A straight 
hole IS one which is loaded and hied 
Fig 8. Modes of Charging for “Cushion” Blasting without enlaigmg. A spiung hole is 

enlarged at the bottom by exploding in 
it one, two, or more, successive charges. These charges are u.sually not tamped 
(stemmed). The first charge usually consrsts of 1 oi 2 eaitridges, increa'^cd m sub- 
sequent charges until the chamber is laigc enough to hold the requned fpiantity of 
explosive. This operation is known as “springing,” “chambering,” or “ squibhing.” 

Springing is done to concentrate a large amount of explosive m the bottom of the hole, thereby 
saving cost of drilling a number of holes. Sufficient time should elapse between successive spnngings 
to allow hole to cool completely, there is great danger in charging a freshly sprung hole. Except in 
soft rocks, quick-acting dynamites are better for springing than the slow-acting, as more of the rock 
is thrown out of the hole and there is less liability to cave and choke up. If sides of hole are very 
rough, final charge may be loaded through a tube of brass, tin, or galvanized iron, about 2 ft longer 
than the hole and as large as will fit into it. Thi.s prevents cartridges from being caught on or 
smeared along sides of hole. Where a loading tube is not available, the cartridges are usually 
attached to a sharpened stick, lowered to bottom of hole and shaken off. Never spring a hole 
adjacent to a loaded one. 

Wiring for electric blasting. There are three general methods, series, parallel, and 
parallel series connection. 

In series connection (Fig 9) one of the wires from first drill-hole is connected to the leading or 
firing line. The other wire is then connected to one of the wires from second hole and the other 
wire of that to one of the wires of third bole, and so on to the last hole, the remaining free wire 
from that is connected to the leading or firing line. Senes connection is necessary when firing with 
ordinary blasting machine. The current required for series connection is at least 1.5 amperes, and 
the voltage sufficient to overcome resistance of electric caps. Resistance vanes with length of 
wires. About one volt is required for each sap connected m senes, although an excess, up to 
about 440 volts, is not harmful. Too high voltage may cause misfires from short circuits across the 
cap wires, especially when more than one cap is used in a hole. Direct current is generally used 
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but alternating current is equally eflScient when of a frequency of 60 cycles or more, and can be used 
down to 25 cycles Alternating currents of lower frequency may cause trouble from misfires of 
the less sensitive caps in the circuit 

In parallel wiring (Fig 10) one wire from each cap is connected to one leading line, and the 
second cap wire to the other leading line This method can be used only where a power or hghting 
current is available, having 1 6 amperes for each cap so connected Thus, with 20 caps, firing circuit 
must have at least 30 amperes The voltage required is very low Ihe greater the number of 
caps m circuit, the lower the resistance Assuming resistance of leading wire at 3 ohms and roust* 


Fig 9 Series Winng Fig 10 Parallel Wiring 

ance of each cap at 1 ohm, the resistance of 20 caps in parallel is (1 — 20) -i- 3 ohms or 3 05 ohms 
Parallel connections of ordinary electric caps are not often used on ictount of large volume of 
current required 

In parallel-senes wiring (Fig 11) the caps are first connected in senes of sa> from 4 to 10, and 
ea( h senes thus connected is m turn attached at its two free ends to the leading wires Ihe current 
required is found by multiply mg the number of 
senes by 1 o, which gives the current in amperes 
To determine required voltage, multiply resistance 
of each cup by number of caps in each senes, and 
di\ide til It bv total number of senes This system 
IS used freipientlv for firing a Urge number of 
charges, where power or hghting current ’s a\ail- 
able 

Electric firing may be done with a blast- 
ing macbino, or a power or hghting circuit 
It IS geiioially best and simplest to ii'^e a 
Vilastmg mat lime, with the caps toimected in 
scries, but with modern, shunt-wound nia- p,g ^ Parallel-senes Wiring 

chines, haMiig a capacity of 50 caps, parallel 

series connections ha\e been used successfully, provided not more than four series, with 
50 caps m each are connected to the machine Ends of wires should be scraped bright 
and clean and twisted tightly together, and, if much water be present, covered with 
insulating tape The tw'o remaining free wires from the tw'o caps at ends of senes are 
then connected to the leading wires, which should be bent or hooked at end, to prevent 
the smaller wiie fioni slipping if leading wires are subjected to strain Test ciicuit with a 






Fig 12 Testing Circuit with Fig 13 Detecting Poor Contacts in 

Galvanometer Electric Circuit 


blasting galvanometer at ends of leading wires which are to be attached to battery (Fig 
12) This IS to l>e sure there are no broken connections oi short circuits Poor con- 
ta(*ts and connections give abnormally high resistaticc readings Looped connections of 
wires may show no circuit one moment and normal resistance the next When spheed wires 
touch each other and make a short circuit, no resistance is shown (Fig 13) The ends of 
leading wires are inserted into the binding posts of blasting machine and firmly secured by 
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thumb nuts. Place blasting machine on a level spot (a dry board or plank is best), to 
prevent its tipping over, and operate handle with both hands and full force. 

If firing is by means of a power or lighting circuit, use a special switch of such design as to show 
at a glance whether circuit is open or closed. Avoid complicated switches, especially those having 
springs. The switch should be so constructed that it can be locked in the open position. The 
cut-out on switches should be of ample capacity and, when delay electric caps are used, the switch 
should be closed and opened again as quickly as passible to prevent the wires in the holes from 
becoming heated, sometimes sufficiently to ignite the dynamite. 


Mode of lighting for cap and fuse firing. Often done by taking an extra piece of fuse 
2 or 3 ft long, and cutting notches in it with a knife at intervals of about 2 in. The end 
of this fuse IS then lighted, and, when powder train burns up to 
a notched place, the flame spits out vigorously. By directing 
each of these flames against end of the fuse to be lighted a round 
of shots may be lighted with ceitainty, m a few seconds. 
This method may inflict disagreeable burns on blaster’s hands 
unless caie is taken. laghtmg fuse with hot lamp or candle 
is unsafe, as the spit of the ignited fuse may extinguish flame 
and leav^e blastei in the dark One of the surest and safest 
methods is to sht the fuse at the end to expose powdei tiam, 
and light it by means of a lead bpitter, which consists of a 
piece of lead tube Vs ifi diam, filled wath meal powder (fig 
14). It burns at about same speed as fuse, but emits a stiong 
shower of sparks, even in wet dripping mines and tunnels. 


Fig 15. Hot-wire Fuse Lighter 



The Hot-wire fuse lighter (Fig 15), which con^sts of an non wire covered with a powder compo- 
sition, IS even more convenient than the lead spittcr 'I’liey are in lengths from 7 to 12 in, and quite 
uniform in burning speed, so that they serve as a safety signal, showing the blastei when it is time 
to retire. 


Precautions in Charging and Firing 

Don’t tamp with iron or steel bars. Use a wooden tamping stick, with no metal parts. 

Don’t force a primed cartridge into a drill-hole. Dull hole ol ample size for cartiidge. 

Don’t prime dynamite caitridges, nor charge nor connect di ill-holes for electric tiring 
during immediate approach oi progiess of a thuiidervStoim. 

Don’t fasten cap to fuse with the teeth, nor by flattening it with a kinfe, use a cniuper. 

Don’t attempt to use electric blasting caps with ordinary in.snlation in very wet woik. 
For this purpose secure watei proof caps. 

Don’t handle fuse carelessly in cold weather, when cold it is stiff and ciacks easily. 

Don’t “ lace ” fuse thiough dynamite caitndges. This piactne is Ireqnently re.sponsi- 
ble for burning the charge. 

Don’t cut fuse short to save blasting time. It is dangerous economy. 

Don’t use fuse that has been injured by falling rock or in other manner. 

Don’t explode a chaige before every one is well beyond danger zone and protected 
from flying debris. Piotect supply of explo.sives also from this souice of danger. 

Don’t explode a charge to chamber a drill-hole and then immediately reload it, as the 
hole will be hot and second charge may explode prematurely. 

Don’t use a “ permissible ” powder in same drill-hole with another explosive. 

Don’t hurry in seeking explanation for a misfire. 

Don’t drill, bore, nor pick out a chaige which has failed to explode. Where safe, drill 
and charge another hole at least 2 ft from the missed one. 

Don’t expect high explosives to do good work if you try to explode them with a 
detonator weaker than No 6. 

9. SPECIAL USES FOR EXPLOSIVES 

High explosives in coal mining. Use of the “ permissible explosives,” as defined by 
testing station of the Bureau of Mines (21), is increasing m both anthracite and bituminous 
fields. They were used at first in gaseous and dusty mines solely as a safety precaution, 


SPECIAL USES FOR EXPLOSIVES 


4-23 


because of their comparative freedom from liability to ignite gas and dust mixtures. It is 
now recognized that, by intelligent use of these explosives, the softest coal is shattered as 
slightly as with slowest grades of black powder (30). Permissible explosives are used for 
rock work in hard-coal mines, and in bituminous mines, where gas pockets may be 
encountered. Different kinds of permissible explosives should never be used in same hole. 

Ore mining. The best type of explosive for a given case can be determined only by 
experience. It depends not only on chaiacter of ore, but on ventilation and class of labor. 
It IS often feasible to substitute with satisfactory results a less expensive explosive for a 
more costly one, m mines where the miners may be made to adopt methods of drilling, 
charging, and firing other than those to which they arc accustomed. Thus, in soft hema- 
tite, a slow-acting ammonia powder properly primed, loaded, and confined, will often 
break more ore per pound than a more expensive dynamite handled unintelligently. The 
use of shoit fuse, lacing fuse through cartiidge, and insufficient tamping are dangerous 
and extravagant practices, often difficult to eradicate (24, 28). 

Drifting or tunneling. It is desirah)le to “ pull the cut ” at the first shot; hence, it often 
I^ays to use a stronger explosive for firing the cut than is required for the relief, rib, and 
lifter holes. The effectiveness of a charge m the cut-holes can not be increased by increas- 
ing amount of explosive beyond a certain point, because a definite depth of tamping is 
retpuicd to pi event charge fiom blowing out. 

Generally, cut-holes require an explosnc having strength and density of 60% gelatin. 
Blasting gelatin is sometimes the most economical for this purpose, m spite of its relatively 
high cost. In refiactory rock, or one with unfavoiable stiatification, cut-holes are often 
l)la^ted more satisfactonly by electiicity than with cap and fuse Delay electric caps 
(Art 10) are advantageous wheie cut-holes bottom up well; but they should not be used 
in same circuit with cut-hole shots, if latter require to be loaded and fired a second time 
( 6 , 20 , 2 ,")). 

Sloping. Evoiy mine is an individual pioblem. The principal point regarding the 
explo.sive IS the si/e to which it is de.sired to bicak the material. For soft ore, ammonia 
dynamite breaks fine enough for easy handling without undue pulverizing. Where 
ventilation is jioor, gelatin, semi-gelatm or ammonia dynamites aie necessary, regardless 
of their other piopeitics, and w'lth much water, gelatin is be.‘*t. Gelatin dynamite has 
added advantage that it will “ stick ” m “ upjicrs.” if necessaiy to blast out dry timbers 
in old stopes, to allows the top to ca\e and fill woiked-out spaces, a permissible explosive 
should be used, to a\oid possibility of fiie. 

W hen filing with cap and fu.se, the lk.\d (diffeienee in length of fuse in holes designed 
to fire in succession) should novel be less than 10%. Foi instance, if the first of such 
a round of holes has a 5-ft fuse, the hole to be hied next .should have a fuse at least 6 m 
longer. W ith le^s “ load ” than this, vaiiation m burning speed of even the best fuse 
may cause holes to file out of older, genoiallv spoiling the .shot. W’hen fuses are not 
lighted m their proper oidei, the necessity for incieaM'd “ le. d ” is apparent. W hen 
filing holes in lotatiou the jn lining caitiidge is sometimes jdated at or near bottom of 
hole, so as to have all fns(\s burning at a .wife distanee inside the holes, w^hen first shot 
e\i>lodcs, then, if the collar of a hole is shot off, its fuse will not be cut, causing misfire. 
This piactice is good with ammonia dynamite oi gelatin dynamite, but never with straight 
dynamites, which aio icadily igmtcd by the least side-spit from a fuse and are therefore 
liable to bum in the hole. limoiENr tampino suornn be insisted upon; it produces 
gi eater effect, and the moie coiiqilete the detonation, the less noxious wall be the fumes. 
Ready-made paper tamping bags aie a convenience and their use leads miners to exercise 
more care in tamping. 

Tunnel driving. The most satisfactory explosives are the gelatins, which have 
maximum density and water resistance, and produce minimum of fumes. In firing the 
heading, the charges must Ixi con centra ted m the bottom of the holes, to lea^’e room for 
sufrunent tamiung to lusuie a clean break. The holes are usually w’et, especially m the 
bench, and in dry holes oi uppers, gelatin is desirable because it can bo lelied upon to 
“ stick." Ventilation in tunnels is generally poor and the fumes from gelatins are the 
least noxious of all high explosives. For heading cut-holes, 60 or 75% gelatin is generally 
used; for relief, rib loof, floor, and bench shots, 40% gelatin is usually stiong enough (48), 

Shaft sinking. Gelat in dynamite is usually bcfit for shaft sinking, due to its water resist- 
ance, plasticity, and freedom from noxious gases. Strength depends on hardness and tough- 
ness of the lock. This must be determined in each ease and sometimes a change in rock as 
shaft deepens necessitates a change in strength of explosive. Strong caps are essential, 
to insure max velocity and strength from the explosive, minimum of fumes, and to offset 
possible lack of sensitiveness in the explosive due to low temperature. When the shaft 
is not wet enough to require use of gelatin dynamite, considerable economy can be had by 
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using semi>gelatins, which are also suitable in the same conditions where rook is compara- 
tively soft. These explosives give off a minimum of obnoxious fumes. 

Quarrying dimension stone; also stone for fills* rip-rapping, and cribbing, as well as for build- 
ing, Use slow-acting explosives; the more powerful, quick-acting explosives shatter the stone. 
Granular, and other slow-acting powders, such as the low-freezing ammonia grades, may be used 
in holes where an air space is left for starting a line of fracture. For subsequent blasting, black 
powder is best, fired by electric squib or ordinary fuse. For large charges, blasting powder is 
fired with advantage by a dynamite primer. 

Quarrying small stone (for crushers, cement works, kilns, etc) (29, 32). High explosive may 
be used, the one best adapted to be determined by experience. Quick-acting explosives are best for 
rock which readily transmits shock of explosion to a considerable distance. Hard limestone, trap, 
granite, etc, usually requiie dynamites of 50% strength and upwards. In very wet holes, where 
explosive is immersed several hours, gelatin dynamites must be used. In dry work, and in rock 
which absorbs much of shock of explosion, slow-acting explosives, like granular powder and low- 
freezing ammonia powders, are usually best. Quick-acting explosives should not be used in rocks 
like sandstone and mail, nor slow-acting explosives in flint, granite, or the like. Low-freezing 
explosives of all grades, especially low-freezing gelatins, are preferable m cold weather, because they 
do not suffer loss in efficiency as noted with the straight grades. 

Straight nitroglycerin dynamites are not recommended for quarrying, as the gelatins have every 
advantage povssessed by the straight powders and are much safer to handle. The only exception to 
this is that, for mudcappmg, straight powders are much more effective than gelatins. In well drill 
holes good results are obtained by using 50% or 60% gelatin in the bottom and 50% or 40% ammonia 
dynamite as a top charge, and firing with Primacord \ special gelatin has been recently developed, 
known as Quarry Gelatin, made on an unbalanced formula and suitable for open work only. It 
gives excellent results in hard rock quarries. It must never be used underground 

Stripping. The slowest-acting high explosives are best; granulated dynamites and low grades 
of low-freezing ammonia dynamites (20 to 30%) being generally used. In heavy stripping, holes 
should be sprung and fired with slowest-acting explosive. For dry work, free-running dynamite or 
a mixed granulation of blasting powder is most economical. For moist giound use granular dyna- 
mite, if very wet, a low-grade stiaight dynamite High-grade dynamite, such as 40% straight, 
is good for springing chaiges, but not for final charge except when holes are full of w'ater 

Well sinking; quickest method. Small V-cut, of 4 or 0 holes, drilled by hand and loaded with 
60% gelatin dynamite, subsequently trimmed up with vertical holes of same depth and blasted with 
well-tamped charges of same explosive. Even if holes are under water, always tamp with sand to 
secure best results 

Scrapping old machinery. When work warrants the expense, best explosive for breaking iron is 
blasting gelatin. It can be molded into shape as required, strung out to produce a bieak at point 
desired, and will " stick ” where no other explosive w’lll do so If blasting gelatin is not obtainable, 
or is too expensive, use high-grade straight dynamite (50% or 60%). Charges should be well 
covered with wet mud, or wet clay fiee from particles of stone or rock, with clean, fine mud, shots 
are made with slight danger to sui rounding objects. Scrapping old machinery in buildings may 
frequently be done without breaking any glass, if windows are open at top and bottom when shot is 
fired. High explosive may be used for driving out keys from shafting, driving a wheel from an axle, 
or loosening spindle from a crushing roll, by using plenty of mud with small charges, placed where 
blow is to be struck. 

Road building. Explosives are used in road building principally for rock excavation, or loosening 
sand, loam, or clay. In dry work, 40% ammonia dynamite, and in wet work, 40% gelatin are best 
for hard rock, and 40% low-freezing ammonia for soft rock. For loosening soil, the weakest and 
slowest explosives are best, since their effect extends farther than that of quicker-acting explosives. 
Low-freezing 20% ammonia dynamite, granular dynamite, and railroad black blasting powder are 
economical for this work. In loosening earth, make holes not deeper than 30 in, and 4 to 6 ft center 
to center, loading each with not more than two cartridges of 1 1/4 hy 8-in dynamite. This charge 
will not make deep pot holes and material can be handled with horse scraper without miring the 
animals. For blasting boulders, block-holing is most economical, and 40% low-freezing dynamite 
IS suitable. If time is more important than economy of explosive, boulders can be broken quicker 
by mud-capping or “ adobe shots,” with 40 to 60% straight dynaimte. Free-running high explosives 
have been developed to a point recently where they are used extensively in road building, and in 
general blasting where holes are sprung, or where it is undesirable to use blasting powder on account 
of the proximity of steam shov^els and dinkeys, as they are not so inflammable as black powder. 
They are made in 4 or 5 strengths, are usually packed in bags, and can be poured into the holes, 
making for rapidity of the loading operation. 

Submarine blasting. Though gelatin dynamites withstand action of water better than other 
high explosives (blasting gelatin stands water almost indefinitely), straight N G dynamites are 
usually preferred for submarine excavation because of their greater sensitiveness The temperature 
of the water is usually so low that gelatins, less sensitive than straight dynamite under the best 
conditions, are very difficult to explode completely. Hence, holes are spoiled, rock is not broken, 
and unexploded gelatin is foqnd by the dredges. Straight 60% dynamite is sufficiently sensitive 
to explode by concussion from an adjacent hole, if holes are not more than 4 or 5 ft apart. Conse- 
quently, in case of failure of one of the electric caiw or connections, all the holes will be exploded by 
concussion. In submarine work, holes are generally un tamped, except by water, and the quicker- 
acting straight dynamite therefore does better work. The cartridges should just fit the holes; 
especially necessary for shallow holes. Where range firing is not practiced and gelatin is used 
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(usually 90%), a 2 by 8-in cartridge of 60% straight dynamite is often used as a booster for the 
electric cap. 

Quite recently a high-velocity gelatin has been developed which is well suited to submarine 
blasting. It picks up its full velocity at once, thus differing from other gelatins which take from 
4 to 8 inches to reach full velocity. High-velocity gelatin afso detonates with full strength and 
velocity under water pressure where any other high explosive would fail. It is much less likely to 
propagate from hole to hole than the straight nitroglycerin dynamites. 

Miscellaneous uses: clearing land of stumps and boulders; ditching and draining swamps; 
breaking log and ice jams, destioying wrecks, cutting off pilings, breaking soil for tree planting; 
hardpan and subsoil blasting, digging holes for posts and poles, excavating for foundations and 
cellars, ‘trenching for tiling and pipe lines, breaking frozen ore and other matenals, loosening 
frozen material m railioad cars, tearing down old buildings, splitting logs for railroad ties, fence 
rails, etc; cutting oft large fires, staiting snow slides, breaking old building foundations, blasting 
old mine timbers, controlling forest fire.s. 

Black blasting powder in coal mining has so long been used that, as regards execution 
only, it IS considered best foi this work. Most coal mineis are so familiar with its use, 
and good miners can judge it so accurately, that excellent results are usually obtained with 
it (10). 'fhe slow heaxing action of black powder pioduccs a large peicentage of lump 
coal. Bccaiuse of its bulk, it can be charged advantageously and estimated so closely that 
it can generally be used more economically than other powders. But, as black powder is 
loose, caie and judgment are leiiuired to get best results. 

Black powder ih made up by the miner in paper cm t ridges or shells, ob-serxing following points* 

Make cartridge of proper diam to^llp into (he hole witliout too much waste •-pace, and of proper 
length to hold just the quantity of powder necessary. Shake the powdei down into the shell, to 
compact it, to minimize an -space and get the full force After cartridge is jdaeed in hole it must be 
w’ell pushed back, unleas an aii-space is desired to cmshion foice of explosion (Fig 19). 



Fig 16. Blasting in Coal with Black Powder Fig 17 Blasting in Coal w'lth Black Pow-der; 

and Fuse Middle Caitndge Pruned with Electric Squib 


Fig 18. ^Miner’s Needle, for Squib 


Fuse or electric squib (Fig 16 and 17) is fastened in cartridge to ignite powder, or a 
“ needle ” (Fig 18) or a “ blasting barrel ” (if bole is wet) is inserted into the powder, 
and the stenuning compacted fiiinly around it. The more securely charge is confined, 
the gi eater the loree developed When 

unconhned it will simply burn (23, 39). !-^= 

If a miner’s sipub (Ait 10) is used, pull ( stemming . ' 

out needle and in.sei t scjuib, large end first, ^ y r -.-, ^ 

into hole made by needle, or in the blast- ^ 

mg barrel, and ignite small end of squib. f Mlnei's needle Powder 

The squib burns for a few seconds, and "rrm- . — ' — . — znns 

then shoots baek into the powder, ignit- 18 . Miner’s Needle, for Squib 

ing it. use right kind of stemming, so 

that needle-hole will be smooth, or, if barrel is used (V 4 -in iron pipe), see that the hole in 

it is clear and clean. 

Powder^ “ When black pow'der is ignited with squib 

T.. . - ..i .. or fuse, the force seems to spread through 

. ccti c squ - seams of the coal, displacing it forcibly. It 

— Air space does not exert a sharp shock and therefore 

— Paper wad does not produce much lines, if proper granu- 

^ Stemming lation of powder and coi rect (quantity be used. 

t rim, - - When very slow action is dcMrod an air-space 

// Mm is left, either Ixttw'een pov\der and stemming 

( " Tllliirnr: — or around cartridge (Fig 19). The proper 

!?• 1 ft x' - /Ml A* o granulation of black powder is determined 

Chafgl°and‘ knowledge of the powder and the coal, 
and by trial. A test is necessary to determine 
conclusively which size of grain is best for any particular coal. 

Earth-work and soft-ore mining. In blasting soft iron ore m open-pit work, holes are 
drilled by a well drill, operated by steam, electricity or gasolene, or by piston or hammer 


Electric squib- 




Air space 

^ — Paper wad 
- Stemming 


Fig 19. Blasting in Coal Air Space 
between Charge and Stemming 
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drills. Where there is unusual danger in using black powder, due to sparks from steam 
shovels and locomotives, special high explosives may be employed. These aie somewhat 
similar to permissibles, and are difficult or impossible to ignite by a spark. But they 
are not, as a rule, so economical as black powder. 

Railroad work. In cutting through fairly solid rock, the holes are usually 18 or 20 ft 
deep, spaced 8 ft apart; they are sprung with 50% straight dynamite until each hole will 
hold sufficient explosive to break material small enough to be handled by steam shovel. 
Roughly, from 25 to 75 lb explosive per hole is used in rock of average hardness. 

As it is economical to fire simultaneously as many holes as possible, a larRC-size blasting machine, 
or a power or lighting circuit, should be used for firing For soft rock, shale, clay, loam, or sand, it 
is economical to use a power churn drill. This makes a 4 to 6-in hole, of any requiied depth, 
usually 40 to 100 ft, holes usually spaced 15 or 20 ft apart. The holes are often sprung with dyna- 
mite, and after thorough cooling, usually overnight, arc charged with black powder, somctimea scn- 
eral tons in a blast. Black powdei or granulated dynamites can be used only when holes aie dry, 
and with great care when working near steam shovels, locomotives, etc, as many accidents have 
occurred from sparks dropping into black powdei. If work is wet and sparks can not be avoided, 
use a fairly low-grade low-fieezing ammonia dynamite. In firing simultaneously a large number of 
holes (50 to 100), use waterproof electric caps, to prevent leakage of current through rock, with 
attendant chance of misfires. 
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Blasting caps. A cap is a copper cyli^'der, closed at one end, containing a pressed 
charge of detonating composition, and is filed by a fuse. C'aps are graded according to 
quantity of detonating composition contained (Table 7). 

Table 7. Fulminate of Mercury Blasting Caps. 


bO 

a 

Grade 

No 6 

No 8 

c 

ofe 

Length of shell, in 

1 375 

1 875 


Calibre of shell “ 

0 234 

0 234 

1^ 

Weight of charge, gimns 

15 430 1 

30 860 

“ “ “ grams 

1 000 i 

2 000 


Giadf' 

xNo 6 

No 8 

Length of shell, in 

1 562 

2 000 

Calibre of shell “ 

0 273 

0 273 

Weight of charge, giaiiis 

15 430 

30 860 

“ “ “ grams 

1 000 

2 000 


Note. The table 
refers only to caps 
charged with fulmi- 
nate of mercury com- 
position (consisting 
usually of 80% fulmi- 
nate of mercury and 
20 Vc chlorate of pot- 
ash), which is the 
standard against 
which other detonat- 
ing compounds are 
graded 


Caps are often tested by placing them upnght on a square lead plate, and noting size and char- 
acter of the hole made m the plate by exploding the cap This is only applicable for comparison 
of same type of caps, and then only to determine if caps have deteriorated. No 8 e.aps usually 
make no better lead-plate test than No 6, because only a small part of charge in contact with the 
plate produces effect on the plate itself. Many other materials have been tried, some of them much 
superior to fulminate of meicury. 


For high explosives, the stronger the cap the better the execution, as a rule. No 6 
detonators should be used for tunneling, shaft-sinking and similar work; large charges 
sometimes require No 8. Caps should never be crimped on fuse except with special 
crimpers made for purpose; biting them, or nicking them with a knife, is neither efficient 

nor safe. They should be stored in 
a dry place, as moisture weakens 
their force. Do not at^pempt t'O 

EXTRACT COMPOSITION FROM CAP 
shells; it is exceedingly sensitive 
and is often detonated if scratched 
or picked out with a pin or similar 
instniment. Miners should not 
wear oil or paraffine hat-lamps 
when handling caps; many acci- 
dents have occurred from sparks falling into a box of caps. 

Electric blasting caps (fuzes) (Fig 20). An electric cap consists of a copper shell 
1 ^/i6 to 2 in long by 0.273 in diameter, closed at one end. It contains a charge of deto- 
nating composition, in which is embedded a fine platinum wire, connecting the two copper 



^Sulphur 

^ Asphalt 

^Asphalt & Sulphur 
^ Loose Fulminate 

Fig 20. Electric Blasting Cap 
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wires. These copper wires are held in place and insulated from each other by three plugs: 
of mixed asphalt and sulphur, asphalt alone, and sulphur alone, the latter being retained 
by corrugations in the shell. Electric caps are used for safety m gaseous and dusty 
collieries, and for firing charges simultaneously, thus economizing explosive. Only one 

KIND OR BRAND OF ELECTRIC CAPS SHOULD BE CONNECTED IN ONE SERIES. Different 
brands vary in sensitiveness, and if the caps in a senes are not uniform, the least sen- 
sitive will probably misfire. 

Delay electric blasting caps are for firing blasts in 2 or more volleys with one application of 
electric current. They are used in seiies with ordinary electric caps. When current is 
transmitted, about one second elapses before first-delay caps detonate, and same period 
between these and second-delay. These detonators arc useful in tunnel diiving and are 



Fig 21. Ventless Delay Electric Cap (Aluminum foil shunt) 


especially recommended for shaft-sinking, often enabling blaster to fire entire round 
without returning to the face. Fig 21 shows the recently introduced “ Ventless Delay 
Electric Cap.” 

This new development, has a uniform diam shell, in which the delay element gives off no gas 
in hutuing This peiimts making various periods of delay, regardless of the pressure under which 
the cap IS placed Being completely sealed and waterproof, delay is umfoim, regaidless of the 
Confinement or amount of press de\ eloped in water strata from firing previous adjacent holes 

The holes of a round are best connected in parallel and fired with power current, if available. 
The be.st way to make a parallel connection is to dtiv'e .stakes into two end holes at each end of 
shaft section, stietch number Ifi bare copper wire tight acros.s the face between each pair of stake'?, 
and connect one wire fioiu each cap to each of these buss wires Then, if one leading wire is con- 
nected to one end of a buss wire, tlie other leading wire to the other end of the other buss wire, a 
balaneed parallel oonneetiou results, which will mimniize tiouble. The number of connections on 
each buss wire should eijual tlie total number of holes. 

Special electric blasting caps. For very wet work, and where sludge and water possess high 
conductivity, spt'Ci il insulation of cap wires is necessaiv to prt v’cnt current leaking fioin wires 
it one end of senes to wiios at other end, thus forming a shunt aiound wins at middle of eiicmt 
"i'liis condition can be deti'cted by making lesistance readings of filing circuit on a direct-reading 
ohniineter If reading is the same, there is no leakage, if there is a diop in lesistance, after loading 
in .let holes, ttieu' is habihtv' of clcrtnc leakagi*, indicating necessity for spi'ciul waterproof cap wiies 
I'oi firing charges m deep witiu, a special, highly vMvterpioof electnc cap is made There are other 
modifie.itioiH for vaiious purposes, such as liaviug wires of largei gage than oiduiaiv’ to decrease 
losisfanee in d<M‘p-liole bl isting Electnc caps aie also made with non wiies; used where only 
2 or 3 shots an' firr'd simult.ineously Thesr* have much higher electneal iesi.stancc tliaii caps with 
ooppei winis, and are not leeommeuded foi lengths over 8 ft, Electnc caps with tin-coated copper 
wires aie used in certain mines w'hete it is objectionable to havi* particles of bale copper in material 
mined, and where numbei of ch.ug«*s fired simultaneously makes use of iron wires impracticable 

Electric squibs uro soniovvhal siinilar to olcctrK* raps, except that the shell is alunii-. 
ipim instead of copper, and cap filling is fine-grained black powder iusload of a detonating 
compound. They aie for lilack powder onlv, can not be used for liigli explosives. They 
po.ssess advantage of siinultaneoush" firing several charges, and permit nioie perfect con- 
tnionicnt of charge than with imner’s squibs, .also, the charge can be ignited in middle, giv- 
ing a little quicker and stronger action and insuring expIo.sion of entire charge before any 
portion can be cut off by fall of surrounding material. Fig. 22 shows an electric squib with 
twisted shunt. 

Electric squibs aie safer than fuse or ordinary sqiiib.s, because shot^ are not filed until every one, 
including blaster, is at a safe distance, and hang-fires are entirely prevented. They are made with 
noil or copper wiios; iion wire is cheaper but requires stronger cuirent (.see above). 

Delay electric squibs for rotation firing with pellet or black blasting powder are similar in 
eoiLstruction to delay electnc bla.sting caps, but can not be used to detonate high explosives as they 
merely shoot out a small, hot flame 

Miner’s squibs are for firing black pow'der only The squib consists of a core of powder com- 
position tightly rolled in paper; one end torniinatos in a slow match, made by dipping twisted end 
of paper m melted sulphur or other combustible. In using, the squib is laid in mouth of hole formed 
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by withdrawal of needle, or in the blasting barrel (Art 9). The other end of hole so formed terminates 
in the charge. Outer end of squib is lighted, and burns several seconds until its powder core is 
ignited, whereupon it shoots down into the charge and ignites that. Time between lighting of fuse 
and firing of charge can be varied to a certain extent by position of tail of squib, when turned up 



Fig 22. Electric Squib, Closed Shell. Twisted Shunt 

it burns more slowly; when turned down, much faster. The squib is very cheap, but not so safe as 
ordinary fuse. Since it requires an opening through which to travel, the charge is not confined so 
effectually as with fuse or electric squib. 

Safety fuse consists of a train or core of a special kind of powder, tightly wrapped in 
successive turns of hemp, jute, or cotton yarn, and tape, made more or less waterproof by 
addition of asphalt or othei varnish, or gutta-percha. When tightly tamped, so that gases 
from burning powder tram can not escape, the pressure causes fuse to burn slightly faster. 

The manufacturers make no warrant or representations a.s to the burning speed of theii product, 
owing to the variety of conditions to which fuse is subjected aftei leaving the factory, including dif- 
ferences in altitude, weather conditions, character of tamping, and mishandling, all of which may 
affect the burning speed. The makers state, however, that they use every eaie and precaution in 
the manufacture, to bring their standaid products to a standaid burning speed of 90 sec per yard, 
with an allowable variation of 10% either way when burned in the open at sea level, except Clover, 
Sequoia, Aztec and Charter Oak brands, where the makers endeavor to approach a standard of 120 
sec per yard, with an allowable variation of 10% either way when burned in the open at sea-level. 
Length of fuse must always be sufficient for the blaster to leach a place of safety 

For dry work, hemp fuse is good foi black powdei, but is too small m diameter properly to fit 
standaid caps. The cheaper grades are usually the least waterproof, the more expensive, the better 
they resist water. For very wet >vork, or under water, gutta-peicha fusi* will usually seive. When 
extra precautions are necessary, the end of fuse and the blasting cap may be dipped into asphalt 
paint and dried, or joint between cap and fuse covered with tallow or soft soap. Do not use oil or 
grease, which is liable to affect powdei train by dissolviug the asphalt paint. As the powder in 
core of fuse absorbs rnoistuie always cut off an inch or tw'o from end, before inserting in cap. Cut 
off end square across, push into cap without twisting until it just touches the cap charge. If fuse 
is cut at an angle, pointed end may bend over, and by covering end of powdei train, cause inisfiie. 
Nearly every kind of fuse spits out of sides moie or less in buimng, and therefoie should not be 
buried in the dynamite. When necessary to have priming cartridge at bottom of holo, a fuse should 
be selected that will spit from the sides as little as possible, and cartndge shells must not be slit, 
fuse is less likely to ignite dynamite through the paper wrapper. 

Detonating fuses. Primacord comprises a high explosive core of penta-erythntc-tetranitrato 
(PETN), contained in a waterproof sheath overlaid b> reinforcing coverings, and detonates at 
very high velocity, about 20 300 ft per sec. It is very light and flexible, hmice easy to handle and 
connect; has good tensile strength and is quite water resistant. It is used chiefly in multiple shooting 
in deep-well drill holes and similar large blasts. The violence with which it explodes is sufficient to 
detonate high explosives lying beside it in a bore hole, and a column of dynamite alongside in a deep 
hole detonates almost instantaneously throughout its entire length In spite of high velocity and 
violence of detonation, Primacord is very insensitive, and can not be exploded by fire, friction oi 
Oldinary shock, or even by a 30-cal bullet fired through a spool of it, however, since it contains high 


Fig 23. Primacord; Connecting Branch Line Fig 24. Primacord; Splicing Trunk Line 

explosive, its handling and storage as an explosive is recommended Proper method of initiating is 
to detonate it by blasting cap or electric blasting cap butted against its end Fig 23 and 24 show 
the proper method of connecting branch lines to trunk line, and the proper knot for splicing trunk 
line. 

Cap crimpers arc of 3 types (Fig. 25): (1) sleeve-type (a) leaves a vent between the 
fuse and copper shell, and in wet work must be dipped in some cap sealing compound to 
exclude water; (2) sleeve-type crimper (6) has an efficient fuse-cutter which cuts the fuse 
square across, but while this is desirable, it does not make a water-tight crimp; (3) type c 
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makes an air-tight crimp on smooth-surface fuse and will resist water well enough in 
ordinary wet holes If there is much water, any kmd of crimp should be further pro- 
tected by sealing the joint between fuse and cap 

Blasting machines The usual foim is a small dynamo, the armatuie of wluch is 
rotated by a downward thrust of the lack-bar transmitted by a pinion Theie are two 



t\pe 8 , one (I'lg 20 ), wbidi is ->01 les- wound, uses the entire current generitcd during 
des( ent of the rac k-bar, to excite the held magnets At end of stroke, this current is trans- 
mitted to the binding posts and bring (iidiit In bhunt-wound type, the cUnamo is 
fulK en( losed and pait of tiie (umnt is shuntc'd through the held magnets until the end 
of sttoke, when a contact is ni ide, sending the entiie cun ent out on the line Shunt tvpe 
IS easiei to operate than the othei, md having a greiter volume of rinient, is better 
adiipted to filing more than one sfnos of holes at i time Pliire madiino m a him, level 
]iositioii, and opei ite with both hinds and full foice, an attempt to opeiate it with one 
hand, or in a half-heai ted w l^ , will often result in inishies fioni iiisuhidcnt luiiont 
Keep blasting m idunes in dr\ , cool jilacc Ihc exunmutatoi , bnishes, and en cuit- 
bieiking (ont k t points should be kept clem, bright, irid fiee fioin oil Oil ]>eirmgs and 
geai s (){ ( asionallv 

Single-shot blasting machines (also eilled pocket, or pennissible madiines) aie 
rinjjlo\ ed, iisualh in cod minis, wheie it is ncces->ar\ or desiiable to tiie o>ie '•liot at a 
time (1 ig 27 ) Tlu\ ue i ijiible of tiling up to d shots sinmltaneous]\ ('oiistim ted on 
the m igiieto prim iple, thev aie ojiciated bi i quick twist of tlic handle, whidi is leniON ible 
and aits as i loi k to preM nt piem itme 01 .ici idental oper ition 
I)iv dlls also lie some times iisid for single-‘'hot hung, iisu illv 
consisting ot 1 i irhoiwiiu dements, conneited m scries, but, as 
tlie contact points aie alwa\s alne, thev aie nut jus safe as the 
magneto rnai limes, the binding posts of whidi aie dead except at 
end of stioke 

Blasting galvanometers iie of two geneial tvjies one meielv 
indii lies whether iiicuit is open 01 dosed, the othei is essen- 
ti illv i sm ill dll ei t-i e iding olimim ter, iiuluatmg h\ movement 
of a needle adoss giaduativl si ale the appioximate lesistanie of 
111 isting didiit 111 ohms With tlie latter it mav be deteimined 
vvhethca a given bljisting rucuit is complete, or broken, 01 short- 
(iicuited Hv a table, giva^ii below, showing resistance ot electric 
e.aps with (IdTerent lengths and sizes of connecting and leading 
wiie, the exalt (ondition of blasting eiieuit at moment of bring 
Tna> bo detenmnod faiilv aiciiiatelj The bl isting galviiiometer 
IS a valuable adjum t, and, where a consideiable amount of electiic 
blasting IS done, should form part of blaster’s equipment In 
addition to bieaks and short circuits, it also detects leakage of 
current through giound, rails, air pipes, steam pipes, and imper- 
fect connections The instrument is furnished with a silver chloride cell, w’hich is constant 
in its current output The current thereby generated is less than one-tenth of that re- 
(luiicd to explode an oleciiic blasting cap The orciinirY t^pe of dii ect-i cading ohmmeter 
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and battery tester, containing regular or flash-light dry-cell batteries, will readily send 
sufficient current through a blasting circuit to explode an electric cap, and should never 
under any circumstances be used for testing any sort of blasting circuit or electric 
blasting cap. 

Blasting machine testers (rheostats). These are for determining inexpensively the capacity 
and condition of a blasting machine. There are several types. One provides a means of sending a 
current through different resistances and a small lamp, so that, when connected to the poles corre- 
sponding to type of blasting machine tested, a bright flash shows that the machine is up to standard 
Another tester has 6 posts, with different resistances so arranged that 20 combinations of varying 
resistance may be obtained in connection with use of an electric blasting cap in series, acting as an 
indicator. It is thus possible to determine whether blasting machine is up to strength, and if noi, 
just how many caps in circuit it is capable of firing. By its use overloading a given blasting machine 
is avoided, with consequent danger of insufficient current and misfires. 

Connecting and leading wire. Connecting wire is used for connecting the electric 
cap wires of one hole to wires of cap in an adjacent hole. As sold by dealers in blasting 
supplies, it is usually No 20 or No 21 B & S gage, wound on 1 and 2-lb spools. The 
use of the larger gage wire is advisable, as it adds less to the resistance of firing circuit 


Table 8. Resistance in Ohms of Electrical Firing Devices * 


Length 
of wires, 
ft 

Regular and 
waterproof elec- 
tric caps with 
plain or enam- 
eled copper wire 
(includes duplex 
wrap) 

Seismograph 

electric 

caps 

Delay electric 
caps, delay elec- 
tric Igniters and 
electric siiuibs 
with plain or 
enameled copper 
wires 

Electric caps 
with 

iron wire 

Delay electric 
cape, delay 
electric igniters 
and electric 
squibe with 
iron wire 

4 

1 25 

0 99 

1 03 

1 99 

1 73 

5 

1 29 

1 01 

! 07 

2 19 

1 93 

6 

1 32 

1 03 

1 10 

2 39 

2 14 

7 

1 35 

1 05 

1 13 

2 59 

2 33 

8 

t 38 

1 07 

1 16 

2 80 

2 35 

9 

1.42 

1 to 

1 20 

3 00 

2 75 

10 

1 45 

1 12 

1 23 

3 22 

2 95 

12 

1 51 

1 16 

1 29 



14 

1 58 

1 20 

1 35 



16 

1 64 

1 25 

1 42 



18 

1 71 

1 29 

1 49 



20 

1 79 

1 33 

1 57 



22 

1 86 

1 37 

1 64 



24 

1 93 

1 41 

1 71 i 



26 

2 00 

1 46 

1 78 



28 

2 07 

1 50 

1 85 



30 

2 14 

1 54 

1 92 



40 

2 48 

1 75 

2 26 



50 

2 83 

1 96 

2 61 



60 

3 17 

2 18 

2 95 




* These figures, from E. I. duPont de Nemours Powder Co, apply to products made by that 
concern. They are approx correct for most other makes of caps. 
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This wire should not be used for connecting a line of holes to blasting machine; for that 
purpose LEADING WIRE should be used, of No 14 gage or larger. No 14 B & S gage wire, 
in coils of 500 ft, is satisfactory for all kinds of dry work. For wire gages, see Sec 42, Art 3. 


Resistance tables. The resistance of copper wire, B & S gage, per 1 000 ft, of sizes usually 
employed in electric blasting, is: 


Gage No 

Ohms 

8 

0 6271 

10 

0 9972 

12 

1 586 

14 

2 521 

16 

4.009 

18 

6 374 

20 

10.14 

21 

12 78 

22 

10 . 12 


Power and lighting circuit 
Leading wire 

SometirnoH used for leading wire, but not 
recommended for tiring large circuits 

Connecting wire 

Size att ichcd to electric capis 


Wires of electric caps 
have a resistance of 0.032 
ohm per ft (doubled). The 
resistance of the bridge wire 
in the cap varies from 0.859 
to 1.1 ohm, depending on 
the manufacture; it does 
not necessaiily indicate the 
sensitiveness of the cap. 


Resistance of electrical firing devices. These include electiic blasting caps, electric 
squibs, delay electnc blasting caps and delay electric igniters, with both copper and iron 
wires, hmamcled copper wires have same resistance as plain wires, but much better 
resistance to electiical leakage. 
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ROCK EXCAVATION 


This section contains data on blasting in general, and surf-ice excavation of rock, as in open-cut 
mining, quarrying, railroad and highway through-cuts and side-hill cuts, and trenching, ileiated 
subjects are: Explosives (Sec 4), Tunneling (Sec 6), Shaft Sinking (Sec 7) and Machine Drills and 
Compressors (Sec 15) 

In this revision, much material of the first edition has been retained, including many cost figures 
when accompanied by sufiicient information for converting them to present-day values. 


1. FACTORS AFFECTING METHODS AND COSTS 

Open-cut methods depend upon size, location and purpose of the work. Costs vary 
greatly with the method adopted, together with the character of rock. 

Character and formation of rock affect drilling speed, amount of explosive, size into which the 
rock breaks, mode of bieaking, and tonnage handled Drilling spekd In hard, tough locks 
this is generally much lower than in soft, though, m some shales and other fiiable rocks, accumula- 
tion of sludge in the hole prevents the drill from sinking an effective blow and retanls drilling 
This IS especially tiue with solid steel, and may be lemedied bv using a water jet. Ait 4 In soft 
rocks a heavy blow may seat the bit so that it sticks Seamj% blocky rock also causes sticking or 
FiTCHERiNG, overcomc by withdrawing the bit and dropping into the hole a handful of quaitz or 
C-I fragments. Hard, friable minerals may make easy-dnlhng rock, as some pyrites and sandstone 
Grams of soft sandstone easily break loose and aie blowm from the hole, wheieas sandstone cemented 
with S 1 O 2 may drill as hard as solid quaitz Amocnt and kind of explO'-ive (Sec 1) determined 
only by test or experience (Table 1). Size op pieces into which rock breaks depends somewhat 

Table 1. Relative Toughness of Rocks, Tested with Drop Hammer (23) 


Kind of rock 

Tough- 
ness 
Lime- 
stone = 1 

Ft lb 
per 

sq ft of 
fracture 

Kind of rock 

Tough- 
ness 
Tame- 
stone == 1 

Ft 111 
per 

B (1 ft of 
fracture 

Fresh diabase 

3 

0 

624 

9 

Feldspathic sandstone 

I 7 

354 1 

Pyroxene quartzite 

2 

7 

562 

4 

Gabbro . . 

1 6 

333 2 

Sandstone 

2 

6 

541 

6 

Chert 

I 5 

312 4 

Altered diabase . . . 

2 

4 

499 

9 

Calcareous sandstone 

1 5 

312 4 

Fresh basalt 

2 

3 

479 

I 

Granite 

1 5 

312 4 

Hornblende-schist . 

2 

1 

437 

4 

Slate 

1 2 

249 9 

Dionte . 

2 

1 

437 

4 

Granite-gneiss . . 

1 2 

249 9 

Hornblende granite 

2 

1 

437 

4 

Andesite 

I 1 

229 1 

Rhyolite 

2 

0 

416 

6 

Limestone 

1 0 

208 3 

Quartzite . 

1 

9 

395 

7 

Mica-schist 

1 0 

208 3 

Biotite gneiss . . 

1 

9 

395 

7 

Dolomite 

1 0 

208 3 

Augite-dionte 

1 

9 

395 

7 

Riotite-granite 

1 0 

208 3 

Altered basalt. , 

1 

7 

354 

1 

H ornblende-gneiss 

1 0 ' 

208 3 


on toughness, but more on presence or absence of joint planes. Pieces too large to load require 
blockholmg, which is costly and delays loading (Art 7, also see Hec 10) Manner ok brexking 
IS affected by position of joint planes and the dip of strata. As rock can not be excavated to neat 
lines by blasting, more must be removed than required, this excess is called overbreakage Unit 
of measurement of open-cut excavation is the cu yd Table 2 gives weights of rocks. 

Overbreakage for 8 months during 1909 in open-cut work on the Livingstone improvement of 
the Detroit River was 14.7%; 273 750 cu yd of limestone excavation was paid for, and 314 000 
cu yd loosened (12). Overbreakage m open cuts (mostly m granite), on Grand Trunk Pacific R R, 
was 10 to 40% (20). Overbreakage m the approaches to a tunnel near Peekskill was 10%, the strata 
dipping at a high angle (20). 

Voids in hard rock, when broken by a crusher, amount to about 35% if all sizes are mixed and 
the stone slightly shaken, but, if screened, each size has 45 to 48% voids. Soft, friable rocks, as 
shales, break into widely varying sizes and therefore have a lower percentage of voids. Hurd rock 
blasted in large pieces and thrown into cars has about 40 to 45% voids, 1 cu yd of solid rock making 
1.67 to 1.82 cu yd broken. 

Voids 30% 35% 40% 45% 60% 55% 

No of cu yd, loose measure, from } , . of, o ^ « «« 

1 cu yd of solid rock J ^ ^ 2.22 
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Table 2. Weight of Rocks 

For weights of minerals and ores, see Sec 25, Table 3; Sec 1, Descriptive Tables 


1 

Material 

Wt per cu ft, lb 

Cu ft per ton 

Tons per cu yd 

In place 

Broken 

In place 

Broken 

In place 

: Broken 

Dolomite . 

160 


12 5 


2 16 

1 30 

Gneiss 

168 

96 

II 9 

20 8 

2 27 

1 30 

Granite and porphyry 

170 

97 

II 8 

20 6 

2 30 

1 31 

Greenstone and trap 

187 

107 

10 7 

18 7 

2 52 

1 39 

*IIematite 

267 


7 5 


3 60 


Limestone 

168 

96 

II 9 

20 8 

2 27 

1 30 

*Li meat one ores 

154 


13 0 


2 08 


Quartz 

165 

94 

12 1 

21 3 

2 23 

1 27 

*Quartzo8e ores 

138 


14 5 


1 86 


Sandstone 

151 

86 ‘ 

13 2 

23 3 

2 08 

116 ' 

Slate 

175 

95 

11 4 

21 1 

2 36 

1.28 

*Vem quartz . 1 

148 


13 5 


2 00 


*Vein <iuartz, 15% PbS I 

164 


12 2 


2 21 


*\'ein (juartz, 15% FeSo | 

160 


12 5 


2 16 



^ Refers to possible wt of ores; pure minerals, usually weigh more 


Swelling in fill. On excavating a mixture of solid and loose rock and earth, 1 cu yd in place 
makes about 1 4 eii yd in till If lock be I'lrst stiipped of eaith, and then bls'^ted and dumped by 
itself, the percentage of \ oids is laigcr At J^oulder, Colo, 3 600 eu yd of solid rock made a 5 340 
cu >d embankment, a ratio of 1 . 1.51. In \ irginia, 50 000 eu yd of limestone and mica schist, 
broken and put in embankment, made 00 000 eu yd, an increase of 80% b' subaqueous exca- 
vation, Ashtabula Harbor, O, 62 860 cu yd (place measure) gaNe 103 537 cu yd mcac'Ured in scows, 
an met ease of 65%. 


2. DRILL STEEL AND BITS 

Shape and temper of bits greatly infltieneo cRicieney of drilling While (piality of drill 
steel has in late years appioaclied standaidizalion, its proper heat treatment for given 
working conditions is still debatable, notvMthstanding much reseaich and experimenta- 
tion (2, 4). 

Types of bit in common use (Fig D. For machine drills in genet al, usual shapes of 
cutting edge ate right-angle ('ro.'^s, X and Z, and mf>difieation», like the Carr bit and 
others For iivmmeu dhilL'^, the b-point bit is common, but its advantages are not 
apparent, except for the smaller machines, like sinkers There is little dilference between 
cioss and b-itoint bits in respect of ease of sliarponing Z l)it is less leadily made, and 
difhcult to b'mper foi standing up under high an jtiess, due to w'eakness of tips of cutting 
edges. Cmrr hit is easie.-t of all to make and readily takes a haid temi)er. 

F'lt ^^lngs .‘•hould be thick cmmgh (u^u.allv 6 5 0 75 in) to stand up well, but as thin as consistent 
AMth slicngth, to lc!i\e space foi fieo ejection of cuttings, the bit then “muds” well and ruts faster. 
Cage and "bapo of bit must permit of free lotation m the hole I'utting edge must be symmeti ical, 
to o<ivialize wear and pie\eut uikl-ini., \Mth consequent FiToiiEiUNq of the bit, which causes 
abnormal strains, with danger of bi caking bit or machine. 

Angle of cutting edge (angle between its sides) a\ erage« about 90°, if much greater, the bit 
ciu.shes ratlier than tiactuies the loek, if less, it cuts fasier, but also dulls faster and is more liable 
to hieak In soft lock, a slciulei cutting edge tcnd.s to ponctiate past the point of fiacture, thu.s 
Avaating eneigy in ciiishing and AAodging out tlie lock. Outside taper of the AAings of a cros.s bit 
IS measured by then angle wiili the axis, d'his angle, m a bit good foi rapid cutting, long wear and 
ease of rovsharpeniti g, begins at about 1 1° and, near cutting edge, ends at 5°. Diam of bit’s outer 
guiding sui faces (hen neat I v rijuals that of (he cutting edge, which is thus aacII supported, mcre.csing 
life of the gage, and minimizing tendency to rifle. 

Comparative tests of hammer-drill bits, by Forbes and Barton (4), in drilling very hard granite, 
led 1o the folloAMiig conciusioiis’ (u) m doAvn holCvS, cutting speed vanes iin’ersely as diam-, at least 
for small gages, (5) dulling speed increases almost uniformly with increase of air press .\bout 
85 lb seems best adapted to all liits foi drilling iii the granite used for tests, (r) speed of drilling 
appears propoitional to ooaiseuess of cuttings, as shown by screen analysis and study of bottoms of 
drill holes, (d) considering its cutting qualities, small lixss iii gage, and ease of making and temper- 
ing, the Can bit i^ excellent foi rook of a\or hardness, (c) at low air press and in soft rock, Z bit 
may surpass the Can bit iii cutting speed, but, duo to difficulty of forging and tempering, it is 
less desirable; (/) 6-point bit is appaiently inferior for oidinary wank, but may be useful for starting 
holes and shallow drilling; (g) for high an press and very hard rock, the cross bit, with a 5° outer 
taper on the wings, seems superior to all others 

While tcat-8 in other rooks might show different results, the relative cutting quality of different 
bits would probably be the same in all rocks. Other characteristics, as mudding freely and freedom 
from fitchering, may make one bit better than another for soft rocks. 



6-04 


ROCK EXCAVATION 












hi approx 




Cross bit Six point bit X bit Double arc bit 

Fig 1. Types of Drill Bits and Shanks 


Table 3. Weights and Diam of Drill Steel 


Solid 

Hollow 

Wt, 

Hole 

Wt, 

lb 

duim 

lb 

per 

B, 

per 

ft 

in 

ft 


Hexagon* 

7/8 2 24 

1 2 92 

1 1/8 3 71 

11/4 4.58 


Octagon 
3/4 I 1.58 




1 < — 


Quarter octagon* 

Nom- 


Solid 

Hollow 

inal 

Diag 

Wt, 

Hole 

Wt, 

size 

c, 

lb 

dmm 

lb 

A, 

in 

per 

B, 

per 

in 


ft 

in 

ft 

7/8 

1 1/16 

2 49 

17/64 

2 30 

1 

17/32 

3 25 

17/6 1 

3 06 

1 1/8 

1 23/6-1 

4 10 

11/32 

3 78 

1 1/4 

1 1/2 

5 04 

11/32 

4 72 


Solic 

1 cruciformt 


Nom- 

Inner 


Ha- 


inal 

Rib 

Wt, 

size 

diag 

B, 

c, 

dins 

H, 

lb 

A, 


in 


per 

in 

m 


m 

ft 

Light 

section 




1 

3/4 

7/16 

3/32 

2 31 

11/8 

25/32 

7/16 

1/8 

2 76 

11/4 

13/16 

7/16 

V8 

3.19 

Heavy 

section 




1 

1 1/8 

1 1/4 

25/32 

29/32 

29/32 

1/2 

9/16 

9/16 

3/64 

3/32 

1/8 

2 43 

3 09 

3 55 

mmmmmmmm 
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Table 4. Length of Bar Stock Required to Form Shank and Bit of Drill Steels 


Section; 


noiiow ana 
solid hex, 
round, oct, 
or cruc; 
size, m 

3 1/4" 

Jack- 

hamer- 

shank 

4 1/4" 
Jack- 
hamer- 
shank 

Leyner 

lug-shank 

Stoper 
steel, 
allow for 
shank 

Piston-dnll steel 

With 

shank 

Without 

shank 

7/8 

7 

8 


6 

4 3/4 

5 

f 

6 3/4 

7 3/4 

” *8 

6 

51/4 i 

51/2 

11/8 


7 6/8 

7 5/8 

6 

5 3/4 

6 

11/4 



71/2 

6 

5 3/4 

6 


Length of stock for forging shank, in 


Cross and Carr bits 

Diam of bit, in, length of stock for forging bit, in 



1 V2 

15/8 

13/4 

17/8 

2 

21/8 

21/4 

2 3/8 

21/2 

2 5/8 

2 3/4 

2 7/8 

3 

17/8 

1 1/2 

2 

21/2 

3 3/8 1 

4 1/8 

51/4 

61/4 

8 1/4 

10 1/4 

121/4 

14 1/4 

16 

17 

I 

7/8 

1 1/8 

> 3/8 

i 3/4 1 

2 

2 3/8 

3 1/4 

4 1/4 

4 3/4 

6 

7 1/4 

81/4 

9 

11/8 

3/4 

1 

1 1/4 

1 1/2 1 

1 2/4 

2 

21/2 

3 1/8 

3 5/8 

4 3/8 

5 1/2 

7 I/O 

81/4 

1 1/4 


1/2 

5/8 

3/4 1 

1 

1 1/4 

1 1/2 

1 3/4 

2 1/4- 

31/4 

4 

5 

5 3/4 


6-Poiat Rose bit; length of stock for forging bit, in 

7/8 

17/8 

21/8 

3 1/4 

4 1/4 

5 1/4 

6 5/8 

81/4 

91/2 

12 

151/8 ! 

171/4 



I 

1 1/8 

1 V2 

> 3/4 

2 1/4 ; 

3 

3 3/4 

41/4 

5 3/4 

7 1 

8 5/8 1 

9 5/8 

10 3/4 

111/2 

1 V8 

7/8 

1 1/8 

1 V2 

17/8 1 

2 3/8 

2 Vs 

31/4 

3 7/8 

4 3/4 

61/2 

71/2 

81/4 

9 


To find length of bar required for any length of steel, add to the length given in table for shank 
and bit, the “dnlling length” (depth of hole) 

Hints on drill steel (Sullivan Marh’y Co), that may well be posted in blacksmith shop: 

Don’t use poor or dull drill steel, nor steel with a soft striking or shank end, don’t use steels 
if shank end is not properly squared, or if shank is not of correct length; don’t attempt to use a 
steel the shank of ^^hlch will not enter the chuck bushing freely; don’t overheat the steel, don't 
forge a bit and use only the regular dolly, as it will result in a very short upset, which does not give 
cutting edges any support while drilling, resulting in broken wings, don’t leave round corners after 
sharpening Make them square, resulting in ftister drilling speed, and prolonging life of bit, don’t 
forget that the bit tips are hotter than the center when heated hurriedly, and that they cool quicker; 
don’t hammer cold steel, it is hard work, and injures the steel 

Be sure that: drill steel is straight and bit and shank are formed in alinement with the steel 
body, shank is of proper length and shape; lugs or collar at base of shank are of proper diam and 
length; liole throughout the steel is of proper size and free from obstruction; striking end of shank 
IS flat and square, with inner and outer edges slightly rounded, bit is of proper shape, with cutting 
and reaming edges formed full and to required size; gage of bit is of correct size for the length of steel; 
learning edges arc concentric with axis of steel; angle of reaming side corresponds to the standard 
established for existing conditions, there are no sharp corners at shoulder, where bit blends into the 
steel body, drill steel is free fnmi cracks and other imperfections that might result m breakage; 
steels are of proper length to corre-spond with the established length of steel change, hole in hollow 
steel used with air-tube and w'aler-tube drills is punched out at shank end, to a diam of S/g m, for 
at least 3 in. 

Hand sharpening. Bits should bo constantly turned in the fire, removed when cherry 
red and drc.ssed. The edge of a badly-worn chisel bit is first upset to gn e it proper width. 
Tho bit IS then held on the anvil at a slope of about 1 lise to 2 horiz, with its edge even with 
edge of the anvil. hile haininenng it is turned after each half-<lozen blows. A file may 
1)0 used on the hot bit for final dressing. Blows should be light and glancing, to draw the 
fibers of the steel towards the edge, thus toughening the metal There are 2 methods of 
sharpening nia('hine-<fi ill bits, set-hammer and fullkr-and-dolly. In the first, a set- 
haiiinier is placed on the bevels for driving the steel back. After being sharpened a few 
times a drill bit must be leformed. In the second method the stool is first drawn sharp at 
the corners with a fuller and then set back in the center with a dolly. 

Machine sharpeners (Sec 15) should be used except for small work, where cost of a 
machine would l)e prohibitive. Largo saving results from proper heat treatment, starting 
with the initial forging heat. Unless this is correct, later heat treatment is useless. 

Physical properties of the bit depend upon the temperature of the steel preceding both forging 
and quenching, and tho care exercised in forging. The finest grain exists as the steel passes through 
the critical range on the rising heat. Further heating coarsens the grain, which efToct remains in 
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the steel if allowed to cool undisturbed. Hammering produces a finer grain if continued until the 
critical temp is reached; if it be stopped while the steel is above the critical temp, coarse crystalli- 
zation again sets in; if continued below that temp, distortions and internal strains are caused, 
resulting in brittleness and breakage. Steel should not be allowed to “soak” in the furnace, as it 
increases coarseness of structure. 


Critical temperature can be practically understood by watching the slow heating of a 
piece of steel. It brightens in color with rising heat, until a point is reached where it 

apparently becomes a trifle darker than the furna(;e 



Time, mia 


Fig 2. Critical Temperatures for 
High-carbon Steel (Steel and its 
Treatment, E F Houghton & Co ) 


The darkening is duo to absorption of heat, and the 
temp at which this absorption takes place is the de- 
CALE8CENT or CRITICAL POINT. If heating continuch, 
the steel again assumes the same brilliance as the fur- 
nace. If the furnace is now allowed to cool slowly, a 
point is reached where the steel remains visibly 
brighter than the furnace, but in a few seconds it 
assumes color of the furnace and darkens with it. The 
brightening, due to throwing off heat, occurs at the 
RECALE8CENT POINT. 

Fig 2 shows the critical temp for high-carbon steel, heated 
slowly to about 1 .500° F, and then allowed to cool slowly 
The critical point varies according to the carbon contents, 
for steel containing 0 6-0.9% carbon, the range is 1 420° ~ 
1 3.50° F. As steel becomes non-magnetic at about the 
critical temp, that point can be determined for a given steel 
by bringing the heated bit close to an ordinary magnet, if 
the magnet is attracted the temp is below the critical point 
Magnetic indicators for blacksmiths’ use display a lighted 
lamp to show that the steel is still magnetic and requires 
further heating. 


Cooling bath for quenching heated steel may be of water, biine, rape-seed oil, tallow, 
or coal tar. Brine is the fastest quenching medium, but is difficult to keep at constant 
temp; tar is slowest. Oil is used when a high degree of hardness is not necessary. 
Circulating cold water is best; for uniform results its temp must be fairly constant. When 
the steel reaches proper temp, quenching should be rapid; its n 

object being to retain the characteristics of the metal as pro- |{ 

duced by proper heating. U 


Fig 3 Drill-tempering 
Tank 


Important points for heat treatment of drill steel (2). (o) Use only 

best grade of steel. (6) Use oil, gas or elec furnace, which permit close 
regulation of temp, impossible with coal or coke, (c) For both forging 
and tempering, heat in a non-oxidizing furnace atmosphere. Oxidizing 
action causes scaling and decarbonization. Indirect (reflected) heat 
is desirable, (d) Forge bits at a temp above the critical point, but f 

never above 1 600° F. Never forge bit or shank when steel is too cold; = > 

forging should stop at or just above the critical point; if necessary, 
reheat. Forge by rapid hammering, not by squeezing or bulldozing, j 

(e) For tempering, heat to 1 450-1 500°, quenching on a rising heat, i 

never after temp has fallen below 1 375°. The lower the temp, while ^ 

still above the critical range, the greater the density, hardness, and xp:- o ■nrill-+^Tnn«rinfr 
toughness of steel. (/) Always quench the steel by holding it ver- Tank 

tically. (g) Temper bits only as far back from cutting edge as will give 

desired results, {h) After forging, anneal by heating to 1 550°, covering with powdered lime if 
possible; better tempering is thus obtained, (i) Never forge and temper on same heat, (j) Keep 
quenching bath cool; if necessary, agitate the bath to prevent its heating too rapidly. (A) Heat- 
treat cutting end of bit to insure a core of max density and hardness, and that all surfaces subject 
to wear are supported by a toughened core. (Z) Chemical composition of drill steel should be 
within following limits: C, 0 85-0.90%; Mn, 0.30-0.40%; 8i, 0.10-0 20%;, P, not over 0.03%, 
S, not over 0.03%. 

Reclaiming short lengths of steel by welding (6). For 1.25-in hollow steel, time required is: 
grinding ends square and removing scale, 2 mm; countersuiting, 1 min; welding by elec butt 
method, 0.25—0.35 min, total, 3.3 min Power consumption, about 0 25 kw-hr per weld of open 
circuit; voltage, about 4 volts to insure e.ose in flashing. One man can prepare and weld 2 pieces 
of steel of aver size in about 5 min. Subsequent heat treating may be done in the welder, by 
increasing the opening between dies to 3 or 4 in, again clamping the welded steel in the dies, 
heating to proper temp and slowly cooling in lime Tests by Sullivan Mach’y Co on steels thus 
welded gave satisfactory results, as compared to those of original steels. 

Sectional drill rods (Fig 4) have been used for holes to 270 ft depth, with hammer 
drills like Waugh Models 31 and 34, of Denver Rock Drill Mfg Co, which makes and heat- 
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treats the special steel sleeves for joining the sections. The heavy duty thrown on the 
drill’s rotating mechanism in deep holes requires 
use of the independent rotation type (7, 8). Deep 
holes can thus be drilled at any reasonable angle, for 
exploring and sampling orebodies (42). 

Table 5 gives cost of such work by Chief Consol 
Mining Co, Utah, m 1924. The figures include charging 
off deprec of equipment in 2 years; sleeves and steel 
were taken at lOfi per ft drilled, other charges being 
direct distributed Wages; driller, $5 25, helper, $4.75. 

Monthly costs, 28-90^ per ft of hole; monthly aver 
drilled per shift, 12 2-54 ft; deepest hole, 272 ft About 
$1 per ft covered all costs of actual drilling. During 8 
months’ use of diamond drills foi same work, cost averaged 
$4 94 per ft It was considered that, to depth of 250 ft, 
hammer drills had a 5 to 1 advantage over diamond drills. 


Table 6. Cost of Deep-hole 
Hammer Drilling (8) 



Per ft 

Labor , . , . 

$0.44 

Misc labor and supplies 

0 13 

Air charge, bit sharpening. 


and making up new steel 

0 11 

Deprec of equipment. . 

0 17 

Supervision 

0 07 

Blasting out for set-up room 

0 05 

Total 

$0 97 




222222223 ^^ 




l^'ComtnoQ wrought pipe (enda abutting) 


Detachable rock-drill bits. Use of detachable bits has greatly increased in recent 

years. Many regular steel and drill manufacturers 
supply them in various bit gages from II/4 to 4 in. 
Chief types are the 4-point cross bit, 6-point or 
rose bit and Carr bit with either side or center 
hole; the commonest is the 4-point cross bit. 
The bits are threaded to the drill shank, and are 
easily changed. They arc especially advantageous 
for scattered or isolated work, such as rock ex- 
cavation in road construction. A numl)er of 
large metal mines have adopted them and reports 
indicate sa\qng8 of 10% to 35% over the conven- 
tional type. In the U S Bureau of Mines Inform 
Circ 6911 the following advantages are listed: 
(1) saving in transport between shop and w'orking 
face (nipping); (2) faster drilling; (3) reduction 
in loss of steel from all causes; (4) more inches 
drilled per bit; (5) less stock of steel required, 
hence less investment; (6) smaller gage loss per 
bit, (7) smaller gage changes, due to precision 
and uniformity of factory shaping; (8) lower total 
cost per ft of hole. 

Bits can be roground 3 times in most cases to 
next following gage; and then rchardened and roground 2 or 3 times more, making in all 
an aver use of 5 or 6 times per bit. 



Wau£i;b*Denver Rock Drill Mfg Co 

Fig 4 Evolution of Sectional 
Dull Rods (7) 


3. METHODS OF HAND DRILLING 

Methods. Sinole-iIand dhillinc; is usually practicable in the softer rocks to depth 
of about 3 ft, wt of haniiuei, 3 5 to 4 5 lb. Double-hand dulling is good for deep holes 
or \eiy liaid rock, 2 etnkeis may be employed, wT of hammer, 10 lb. For 6 to 8-ft holes, 
the staiting bit is usually 1.25 to 1.5-m gage. Churn drill, well handled, is effective for 
deep vci tical holes. It is raised and dropped by one or more men. (See Sec 9.) 

Effect of diam of hole on the speed of drilling has never been fully determined. In general, 
doubling the tliam divides the .speed by from 2 to 4. 

Direction of hole. A hons hole is drilled at about 0 5 the speed of a vertical down hole; in 
“uppers" the speed is materially less. Horu and up holes are usually dry, and the cuttings prevent 
the bit from striking the rock effectively, water in down boles keeps the cuttings in suspension, 
pernnttnig the bit to strike against a relatively clean face. 

Hardness of rock as affecting speed of drilling. In vertical holes (1.5-in starting bit), 1 man 
holding and 2 men striking can in 10 hr drill 6-ft holes at following rates: granite, 7 ft; trap, 11 ft; 
limestone, 16 ft. 

Hand chprn drilling. 30-ft holes in blue sandstone, 2.75-in diam at start and 1.5-in at 
bottom, can be made in 10 hr; 3 men working on first 18 ft, 4 men on last 12 ft; brown 
sandstone is slightly harder to drill. On Mesabi Range, Minn, 4 men drill 40 ft of 1.6-in 
hole in sti ipping overburden and 90 ft in iron ore. 

Hand-power auger drills are sometimes used for prospecting and boring blast holes in soft 
ground, as coal, slate, shale, salt, gypsum, and talc. They vary from simple hand augers to elab- 
orats maohines with tripod or post mountings. Mounted machines weigh 80 to 100 lb (See 9). 

1—6 
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Table 6. Rate of Hand-hammer Drilling (Original) 




Men 

Hr 

Diam 

of bit, in 

Depth 

Ft per 
hr 

Kind of work 

Kind of rock 

per 

per 



of hole. 



drill 

day 

mg 

Finishing 

ft 

Railroad cut. 

Hard limestone 

3 

10 


1 1/2 


1 7 

Open cut . . . 

Mica schist 

3 


1 7/8 

1 V4 

7 5 

1 5 

Open cut . . . 

Mica schist 

3 

10 

1 7/8 

1 V4 

7 5 

1 5 

Side-hill cut. . . 

Gneiss ... 

3 

10 

2 

1 V4-1 1/2 

6-16 

1 41 

Open cut 

Hard porphyry 

3 




20 

0 6-0.8 

Railroad cut 

Very hard granite 

3 

10 




1 4 

Railroad cut 

Dark hornblende . . , . 

3 

10 ' 

1 3/8 


12 

2 9 

Railroad cut 

Red granite 

3 

10 

1 3/8 


12 

2 0 


Trap, diabase 

3 

10 

13/8 

1 3/8 


12 

1 85 

Block holes . 

Red granite 

3 

10 

.. 

0 5-4 
av 1 25 

1 1 04 

Trench... . 

Limestone 

1 

8 

1 3/4 



1 25 

Trench.. 

Shale . . 






0 95 

Tunnel 

Gneiss, tough schist 

1 

10 

1 3/8 


2 0 

0 35 

Tunnel. . 

Very hard mica schist . 

2-3 


1 1/4 


1 67 

1 00 

Tunnel . . . 

Conglomerate, shale 


8 





Tunnel. . . . 

Tough sandstone 

1 

8 

7/8 


*1 5 

1.19 ' 

Tunnel. . . . 

Very hard syenite, quartzite 

2 

8 



1 0 

1 25 

Mine | 

Augite diorite, firm red 1 
porphyry ) 

2 

10 

1 3/4 

1 1/4 

6 0 

1 48 

Mine 

Chalcopyrite. limestone . . 

2 

10 

1 1/t 



1 0 

Mine 

Medium rock 

1 




2 5 

0 5 

Tunnel. . . . 

Compact phonolite dike 

1 

8 

1 1/1 


2 5 

1 0 

Shaft . . 

Compact phonolite dike 

1 

8 

I 1/4 


2 5 

1 2 


4. METHODS AND COST OF OPEN-CUT MACHINE DRILLING 

Drill mountings (Sec 15) for open-cut work are the tripod, quarry-bar, gadder, special carriage 
for deep holes, and the derrick or wagon mounting, commonly called “wagon drill”. Quarry bvr 
IS a honz bar supported at each end by legs It is 3 to 6 in diam, 8 to 12 ft long These bars are 
primarily for drilling in quarries a number of rows of vertical holes close together, but may be used 
for similar work in trenches, etc Gadder is a quarry device for drilling a number of parallel holes 
m a plane at any angle, from honz to vertical, as the undercutting holes in a bench partly freed by 
channeling. A heavy carnage, running on a track, has hinged to it a standard, adjustable at 
different angles, on which slides a saddle carrying thr <lrill Wagon mounting is a steel frame 
and derrick, on 3 or 4 wheels either all steel or with pneumatic tires; or on steel skids Various 
type drills can be used. The whole mounting is easily moved by hand In some types the derrick 
can be canted, for drilling at angles other than vertical Holes to 40 ft deep can be dulled with 
steel changes of fi to 10 ft Some drills are equipped with air motors and automatic feed. In larger 
types for down holes, say to 40 ft, the drill is fed by its own weight, plus a slab-back with adjustable 
weights. Drill is raised by hand or air hoist. Speeds of 25 to 70 ft per hour are possible, depending 
on hardness of rock, depth and diam of hole and air press. For cost of mountings, see fcjec 15 

Drill trucks are used to some extent for deep-hole drilling, and for trench work. They 
are operated from a central compre.s8ed-air or steam plant, or may carry their own boiler. 
The drill may be stationary, or mounted on a turn-table. The cuttings are removed from 
the hole by a water jet or by special steels. There are other devices for mounting one or 
more ordinary machine drills on a bar. A special device for sewer work is desciibed in 
Art 10. Respecting drill carriages, see also Sec 6, 15 (11, 20). 

Cost of machine drilling comprises: (a) wages of drill crow; (5) proportion of wages 
of power-plant crew; (c) fuel; {d) drill sharpening; (c) repairs and renewals; (/) oil and 
water; (g) interest on plant; (h) depreciation of plant; (t) proportion of general expense 
including taxes; (j) erecting, dismantling, and moving plant. 

Factors affecting speed of drilling: (a) character of rock, as hardness, stickiness, 
seams, sludge, and dust-forming qualities; (b) time for changing bits; (c) time for taking 
down, moving, and setting up machine; (d) depth of hole; (e) direction of hole; (/) diam 
of hole; (g) use of air or water, or both, in the hole; (h) shape of bit; (i) quality of black- 
smithing; (j) percentage of time lost by blasting, breakdowns, delays; (k) size, weight, 
and type of drill and mounting, (0 air or steam press at the drill; (m) skill of crew. 

Time occupied by the different operations in drilling may be classed under cvttino time and 
DELAYS, the sum of which gives total cycle time for drilling one hole Delays comprise time to 
(a) raise drill, (6) loosen bit, (c) remove it, (d) get bailer and bail, (c) get bit, (/) insert bit in chuck, 
(g) tighten chuck, and (h) get started. Besides the cycle time, there is the time required to move 
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the drill to other holes, set it up, start it, and miscellaneous delays. For time studies of work with 
piston drills see (12), where drills were mounted on tripods for holes 7 to 24 ft deep and 2.5 to 5.6 in 
diam at start, in granite, limestone, and slate. From these records, cutting time averages 58.2% 
of cycle time; cycle time, 74 7% of total time, time for moving and starting a drill, 12.5% of total 
time, time lost in delays, 12 8% of total time. Cutting speed, in granite, 0.18 ft per min; lime- 
stone, 0.13 ft per min, slate, 0 17 ft per mm. 


Table 7. Average Time Drilling Vertical Holes (Tripod-mounted Drill) 


Kind of rock . 

Lm 

S 

Sd 

Or 

Tr 

Length of shift, hr. . 

10 

10 

10 

10 

10 

Air pressure, lb per sq in . . 

70 

70 

70 

80 

70 

Diam drill cylinder, in 

3 25 

3 25 

3 25 

i 3 25 

3 25 

Diam starting bit, in . 

2 5 

2 5 

2 

3 5 

2 5 

Diam finishing bit, in . . . 

I 75 

1 5 

1 25 

1 25 

2 

Depth of hole, ft 

12 

6 

12 

20 

6 

Drilling first 2 ft, mm 

9 

10 5 

8 

12 

14 

Cranking out, removing bit, min 

I 

3 5 

1.25 

1 

1.5 

Cleaning out hole, mm 

1 

3 

1 25 

1 

1.5 

Putting m new bit, cranking, mm 

1 

2 5 

1 

1 5 

1.5 

Drilling second 2 ft, mm . . . 

13 

10 5 

1 

1 5 

14 

Drilling last 2 ft, mm . ... 

12 

10 5 

6 

11 

14 

Moving machine, setting up, mm . , 

15 

35 

12 

11 

36 

Ft drilled per shift . 



96 

48 

36 


Note. — I.m = limestone; S = sandstone (hard), Sd = sandstone (sc ft), Gr = granite; Tr = 
trap (diabase) 

Rate of dnllmg. Formula for estimating number of ft drilled per shift (20) : N = S -r- 

( m s \ 

T “1 , where, N = ft drilled per shift, S - working time per shift, mm = 600 per 10-hr 

shift, if no tune is lost by blasts, breakdowns, etc; r = actual time to drill 1 ft, min; m = time to 
crank up, change drills, clean out hole, and ciank down ■= 3 to 4 mm ordinarily, / = length of feed = 

2 ft in ordinary percussion drills, = time to shift machine and set it up = 5 to 60 min, usually 
12 to 20 min, D — depth of hole, ft 

Records of work with piston drills, at 70 lb air or steam press, starting bit 

about 2 75 in, finishing bit 1 5 in, gave tollowing .speeds for I ft of hole (20) : soft sandstone 
and limestone, 3 mm. medium sandstone and limestone, 4 min; hard granite and sand- 
stone, 5 mill, very hard tiap and granite, 6-S mm, soft rocks that sludge rapidly, S'-IO mm. 
(For other dnllmg iccouls, see Sec 15, also “ Compressed Air Plant,” Peele, 5th Ed, 
Chap 20.) 

Drilling rate is not significant without specification of diam and direction of hole, air press, type 
of machine, method of removing cuttings, and nature of the rock Hard, tough rocks have been 
drilled at 12 in per min, softer rocks fjister, especially in down holes As long as a bit retains 
its cutting edge it will maintain its initial drilling rate As depth of hole increases, the drilling rate 
of hammer drills decreases less than that of piston drills Theoretically, as follower bits are of 
smaller gage, drilling rate should increase in inverse proportion to square of diam of hole, but the 
tightness and sludge in small diam holes keep the rate approx constant (1). 

Hammer drills. Speed of cutting. A Sullivan, Class D-19 drill, 1.25-m cylinder, 
hollow steel, and air at 100 lb, drilled in granite 1.25-m holes, 1 ft deep, in an aver of 
1.75 mm, using 25 eu ft free air per mm. A Class D-15 drill, in same granite, drilled 
^/8-m holes at lato of 1 4 ^/s-in hole m 10 see, and a 5.25-in hole in 15 see In trench work 
m oolitic limestone, 12 DB-15 dulls averaged 40 1 5-ft holes per drill per 10-hr shift for 
12 mo work. Best record was 100 1.5-ft holes in 10 hr and 36 3. 5-ft holes in 7 hr. In 
dark grt'eii gianite, a 1)B-15 drill in 16 hr made 47 ft m 25 holes, from 19 to 36 in deep; 
a I)B-19 (hill made 19 ft in 5 holes, from 32 to 60 in deep. A DC-19 drill in soft sand- 
stone, made 20 holes 18 in deep, at rate of 25 sec per hole. 

Sets of drill steel, compiising a starter and 1 or more follower bits, generally have 
length mcienients of 1 to 2 ft. For hard, tough rock the increment is usually 1 ft; for 
softer locks, 2 ft. Tests should be made to determine max and aver distances drilled per 
bit ill the different rocks encountered. The few'er the changes, the shorter the drilling 
time for a given depth of hole. 

Starting diam of hole depends upon its depth, reduction in gage of follower bits, depth 
dulled per bit, and diam of cartridges. 

Commonest sizes of cartridge are 1 Vs and 1 1/4 in, more rarely 1 in; the size being generally 
constant m any one mine. Bottom diam of hole is thus 1 Vg- 1 3/g in. Gage of bits composing 
a set varies by 1/8 or Vl6 m, for hammer drills, l/ie in is satisfactory. With 12 steels, a 12-ft hole 
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requires a starting diam of 2 in for Vl6-in change in gage. The smaller the starting diam, the 
higher the aver drilhng rate. Depth of hole is determined by blasting conditions. 

Fitchering or sticking of the bit is caused by : poor alinement of steel in the hole, bent 
steel, improper type or poorly sharpened bit, too much or too little feed water, worn or 
broken shanks, seamy rock, pebbles or spalls falling alongside of bit and jamming, mud 
collar behind the bit, hard nodules in the rock causing poor alinement of hole and bending 
of drill shank. 

In soft rock a bull bit may penetrate so far that the drill’s lifting force on up stroke is insufficient 
to withdraw it. Remedy is to use a cross or X bit, which is less likely to jam, vSludge is washed 
out of the hole by the rising stream of water, or blown out by the air or water jet, the larger cuttings 
falling back and jamming when the drill shank is too small relatively to diam of hole. If hollow 
steel IS not used, a good jet can be made by a 0.5-in pipe, connected to a hose through which water 
is pumped. Where water is not available in quantity, a fair substitute is a narrow barrel-hoop 
shoved down the hole, in rotating slowly around the bit, it stirs up the sludge. 

Cable, well, or churn drills (Sec 9) are extensively used for deep holes for blasting in 
quarries and open-cut excavation. Advantages, as compared with machine drills: any 
depth can be drilled, to the possible limit of blasting; no stripping of the overlying earth 
is necessary; holes in high faces are drilled to full depth, instead of working in benches; 
the large-diam holes hold larger charges, hence wider spacing of fewer holes, and sating 
of time; smaller consumption of fuel for power. 

Size of churn-drill holes. Bits are 4 to 9 or 10 in diam, the smaller sizes best for low 
faces and soft material (but where bank is low, machine drills on wagon mounting are 
more economical). Common sizes are 5 5/g and 6 in; best adapted to limestone forma- 
tions where drilling cost per ft is not high and relatively closer spacing permits better dis- 
tribution of explosive. However, use of 8- and 9-in holes has much increased, especially 
in deep faces and hard rock, where cost per ft is always high. The larger bits permit 
wider spacing of holes, and greater weight of tools prevents excessive diifting and seems 
to compensate for greater area of rock cut, so that the cost per ft is no more (often loss) 
than for 6-in bits, while drilling cost per ton or yd is less, with little diffeience in cost of 
explosive. 

Following are comparative costs of 6- and 9-in drills at Tilden Pit, Cleveland Cliffs 
Iron Co, using Bucyrus-Armstrong 29 T, 9-in bit {E & M Jour, Nov, 1937): 



6-in bit 

9-in bit 


6-in bit 

9-in bit 

No of holes 

M 

14 

Total explosive, lb 

9 300 

20 040 

Total footage drilled 

1 416 

1 377 

Tons per lb explosive 

3 8 

3 04 

Aver depth of hole 

105 

100 

Drilling cost per ton 

$0 074 

$0 0334 

Spacing of holes. . . . 

15X22 

20X30 

Operating cost per ft . 

$1 95 

$1 69 

Burden per ft of hole, cu yd . . 
Total tons blasted . . . 

12 2 
35 400 

22 2 
62 000 

Drilling rate, ft m 8 hr 

13 7 

15 6 


N Y Trap Rock Corp, on Hudson River, aver of 4 years’ opeiation in 4 quarries, 
based on 5 000-35 000 ft drilled i>er yr : 


Kind of rock 

Aver 
depth 
of hole, 
ft 

Diam 

of 

hole, 

in 

Spacing, 

ft i 

! 

Ft per 
hr 

elapsed 

time 

Cost 

per 

ft 

Dolomite, hard 

70 

8 

17 X 24 

2 03 

$i 13 

Limestone, soft 

35 

6 

14 X 18 

2 75 

0.64 

Limestone, medium 

no 

10 

15 X 27 

3 ll 

1 06 

Basalt, hard 

120 

8 

22 X 30 

1 4 

2 12 


Cost of operating churn drills (see Sec 9 for tabulated data) . For steam power about 
10 or 12 bbl of water and 500 to 650 lb of coal per day are required; for gasolene power 
(gasolene @ I2i per gal), cost is from 70ff to $1,20 per day, with electric power at 2^ per 
kw-hr, cost is about $1.25 per day. A compressed-air operated churn drill uses about 
as much air as a 3.25-in piston drill. About 2 gal wash water are required per ft of hole. 
If necessary, it can be collected and used repeatedly. Sharpeninq bits costs much less 
than for machine drilling; one bit, drilling 10 to 50 ft of hole, requires 1 hr to dress. 

Comparative cost of chum and machine drilling. A Cyclone drill, making 3-in holes, 24 ft deep, 
in solid brown sandstone m Ohio, put down 692 ft in 14 days of 10 hr, or 60 ft per day (20). A 
3.25-in machine drill, making 1.75-m holes, 20 ft deep, put down 28 holes in 8 days, or 70 ft per day. 
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Table 8. Speed of Blast-hole Drilling with Churn or Cable Drills (Original) 


Kind of material 

Ft per 
hr 

Diam 
hole, in 

Depth, 

ft 

Machine 

Remarks 

Clay, soapstone . .... 

10 

5 6/8 

18 


Railroad work 

Limestone 

9 

51/2 

30 

Cyclone 

Cement quarry 

Limestone 

8 

5 

34 

Cyclone | 

Lime, crushed- 
rock quarry 

Shale . 

6 

5 6/8 

20 

Cable drill 


Overburden, porphyry ore . . . 

5 7 


55 

Keystone 

Oiien-cut mining 

Limestone 

5 5 

5 6/8 


Keystone 

Crushed stone 

Hard basalt . . .... 

i 6 

8 

120 

Cyclone 

Crushed stone 

Soil, gravel 

5 2 

21/2 

23 

Cyclone 


Brown sandstone 

5.0 

3 

24 

Cyclone 


Brown sandstone 

5.0 

51/2 

50 

i 

Crushed stone 

Shale . . 

4 8 

5 5/8 

75 

Star 


Hard, seamy limestone 

4.7 

5 

22-30 

Loomis 


Half earth, half slate 

4.4 


12 

Keystone 

Aqueduct 

Limestone 

4 0 


50 

Keystone 

Lime quarry 

Iron ore 

2 33 

9 * 

95 

Armstrong 

Ore rmmng 

Copper ore, porphyry. . . 

3 5 

61/2 

60 

Keystone 

Mining 

Shale. . 

2-8 

41/2-6 

20-80 

Star 



Limestone 

3 2 

10 

NO 

Armstrong 

Crushed stone 

Copper ore . 

1 5-2 5 

6 

30-35 

Star 

Mining 

Limestone 

3 0 

6 

200 

Loomis 

Cement quarry 

Limestone, sandstone . . 

1 0 

5 5/8 

20 

Cable drill 


Hard limestone 

2 1 

8 

70 

Armstrong 

Crushed stone 


Daily field costs (exclusive of sharpening) of the above work were: Churn drill. Runner, 
helper (and fireman), $2, water, GOfi, coal @ 10^ per bushel, GOfi, total, $6.20; cost per ft, $12.54. 
Machine drill. Runner, $3, helper, $1.50, fireman, $2, water, 75^, coal, $1; total, $8.25; cost per 
ft, 11.8(i. The larger diam of the churn-dnll holes saved dynamite, as each hole was sprung but 
3 times, whereas the machine-drill holes had to be sprung 4 or 5 times. See also Sec 9, 

6. THEORY AND PRACTICE OF BLASTING 

Conditions influencing results of blasting: size and number of free faces; cohesive strength of 
the rock; structure of rock (mas.sive, jointed, laminated, stratified, or fissured); strength and nature 
of the explosive; character of fuse and stemming; whether the shot acts alone or simultaneously 
wTth others; whether the broken rock falls or must be lifted by the blast, form and size of chamber 
containing the explosive; proportion of length of line of leiist resistance to length of the hole, and to 
height of free face (3, 11, 20) See also Sec 4. 

Rules for blasting. Many have been formulated, but all neglect some of the conditions stated 
above. Also, most published lules are applicable to black powder only and are valueless for high 


Fig 5 Theoietical 
Cratci, Noinial Hole 

explosives, and practically all ignore the use to which the blasted rock is to be put. Hence, experi- 
ence and judgment are nioie useful in determining proper methods than the theories and rules 
summanzed below. Theory of blasting is discussed in detail in (5). According to the crater 
THEORY, a charge in a mass of eaith or rock with honz suiface will blow out a funnel-shaped crater, 
the sides of which have a slope of I to 1 to the free fa<'B (Fig 5). Distance DB, (more exactly, DF) 
is the LINE OF LEAST RESISTANCE - l\ hence, \olume of crater is V = 0.33 I X ~ (nearly). 
Hence, general formula for volume of rock loosened is F = 7nF, According to If'choen (5), m » 0.4 
for tough, soft rock, and 0,9 foi haul, brittle rock 

Direction of hole. If vertical (normal, as in Fig 5), the charge may blow out stemming and fail 
to break; hence, hole should bo inclined (Fig 0), to reduce chances of a blow-out, as well as to in- 
cease area of free face and volume of rock broken. Limiting inclination of drill hole is 45°. 

Effect of free faces. The greater the area of free face, the easier can rock be blasted. Fig 7 
shows area of volume broken when there are 2 free faces (point O being uncertain). Fig 8 shows areii 
when charge is at unequal distances from the 2 faces; shaded area will probably not be removed 
by the direct force of the blast, but may be broken indirectly. When 2 or more free faces ar« 
exposed, the longest line of resistance should not exceed 1.5 1. To obtain the aid of gravity, I should 
be horiz, and the longest line of resistance vertical. 
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Relation of factors. Length I should be proportioned to size and diam of the hole. In general, 
in open-cut work the depth of holes should approximate 1.5 1. 

Table 9. Relations of Biam and Depth of Hole, and Line of Least Resistance 


Diam of 
hole, in 

Depth of 
hole, ft 

/, ft 

Diam of 
hole, m 

Depth of 
hole, ft 

1, ft 

1.25 

3.50 

3 50 

1 5 

12 00 

6 00 

1.25 

5 75 

3 75 

1 75 

5 00 

5 00 

1 25 

10 00 

5 00 

\ 75 

9 00 

6 00 

1 5 

4.00 

4 00 

I 75 

14 00 

7 00 

1 5 

7 50 

5 00 





Holes blasted simultaneously. Fig 9 shows the effect. If a and h are blasted separately, 
c would not break out; when blasted together c is broken, if x is not too great. In aver hard rock 
X = 1.5 1 to 2 1; in weak rock, x should be about equal to I 

Rock coefficient. To obtain it, select a homogeneous bench 2 ft 
wide by 3 ft high. In this dull seveial veitical holes, so spaced that 
I ' h y' the blasting of one will not crack nor start the lock around another. 

‘ 0 '' Charge each with different weighed amounts of the explosive to be 

used, beginning with a small quantity. Fire the holes separately. 
If (7 = rock coeff, P = wt of powder, lb, I = line of least resistance, ft, 
then C = P -T- and P - CP. For 3 free faces, use 0.66 P, for 4 
faces, 0.5 P‘, for 5, 0 4 P, foi 6, 0.25 P. 

Size of drill hole for charge. If P = wt of explosive, lb; g = sp gr of explosive, and d = diam 
of hole, ft; then, P = 0.34 gd^. 



Fig 9. Effect of Holes Fired 
Simultaneously 


Spacing holes in open-cut work. Much depends on depth of cut, character of rock 
and diam of hole. In aver size machine-drilled holes for shallow cuts, 6 ft and less, vert 
holes in most rocks should be set Viack from face a distance equal to depth, and spaced 
apart a distance 0,85 of depth. With holes to 12 ft deep, spacing and burden should bo 
about 0.65 of depth; to 20 or 25 ft, spacing and burden should not exceed 0 5 depth 
(usually less in hard rock) unless holes are sprung, in which case spacings may he wider. 

Deep holes for quarry blasting (22). In homogeneous rock having a vert face, 3 lesist- 
ances tend to counteract the explosive force (Fig 10) . (^4) icsistance distributed along the 
hole, caused by the rock’s tensile stiength. This may be 
resolved into a single force acting midway between top and 
bottom of face, and of a magnitude equal to total distiibuted 
resistance; (J5) sheaiing resistance across the honz line 
between the hole and bottom of face, represented by the 
rock’s shearing strength; (C) frictional resistance to sliding 
at the bottom. 

Computations. Limestone of 165 lb per eu ft has tensile 
strength of 82 0001b and shearing strength of 184 000 lb per sq ft; 
granite of 168 lb per cu ft has tensile strength of 101 500 lb and 
shearing strength of 287 000 lb per &<i ft. If d is depth of hole and 
hits distance back from face, then in limestone for each ft of width 
of spacing between holes 82 200 d = tensile resistance, considered 
as concentrated at midpoint of depth; 187 000 6 - shearing re- 
sistance concentrated at bottom; and 165 X 6 X d = wt of the 
block. Assuming coeff of fnc = 0.65, 107 6d = fric resistance to 
sliding at bottom. For granite, the computations are similar. Values 
of shearing resistance apply to homogeneous rock; not where there 
is a parting line at the quarry floor. 

Ideal method would be to concentrate enough explosive in bot- 
tom of hole to overcome shearing and frictional resistances, and 
distribute enough explosive throughout the hole to overcome tensile 
resistance. In practice this is rarely feasible; if the charge be distributed throughout the hole, 
its total force may be considered as concentrated at a given point, half above and half below. For 
max effect, this point should be so located as to balance opposing resistances. In Fig 10 it is at a 
distance Y above the bottom, proportional to the rock resistances. That is, 

Y d Tensile resistance 

2 Tensile resistance + (shearing resistance + frictional resistance) 

« . , , V d 82 200 d 

For hmwtone (,ee above), Y - - X 82T60 J+ 187 000 i + 107 bd‘ 

Similarly for granite. Thus, for practical purposes, Y is the dividing point of the charge, half the 
total being below this point and half above. 

To find the wt of explosive required, the depth of bole, its distance from the face, and the 



Fig 10 Forces to be Over- 
come in Deep-hole Blasting 
( 22 ) 
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spacing between holes, must be known. From these factors the burden in cu ft and tons on each 
hole is computed. Location of holes to give best fragmentation at low cost must be determuied 
for each case by trial. If there is no parting at the quarry floor, the holes must go below floor line 
to insure breaking to bottom (Table 10). 


Table 10. Aver Spacing of Deep Holes in Quarry with Vert Face (22) 


Depth of 
hole, ft 

Height 
of face, 
ft 

Distance 
back, ft 

Spacing, 

ft 

Height of 
bottom 
charge, ft 

Diam hole 
at bottom, 
in 

Depth of 
top 

tamping, ft 

20 

18 

13 

10 5 

3.5 

4 

9 

30 

28 

14 5 

12 

6 5 

4 25 

10 

40 

37 

16 

13 

10 

4 5 

12 

50 

47 

17 5 

14 

13 

4 75 

13 

60 

56 

19 

15 5 ’ 

16 

5 

14 

70 

66 

20 5 

16 5 

20 

5 25 

15 

80 I 

75 

22 

18 

23 

5 5 

16 

90 

85 

23 5 

19 

27 

5.75 

17 

100 

94 

25 

20 

30 

6 

18 

160 

152 

35 

20 

52 

8 

25 


Height of bottom charge given in Table 10 is an aver between limestone and granite. Assum- 
ing aver duty of explosive to be 4 ton of rock broken per lb of explosive, and spacing as shown, a 


lOO-ft hole in limestone would have a burden of 
of 1 040 lb. Applying previous formula. 


100 X 2.’> X 20 ft 
12 cu ft per ton 


4 166 ton, requiring a charge 


y = 


S2 200 X 100 

(82 200 X 100) -b (187 000 X 2.‘>) + (107 X 25 X 100) 


X (100 4- 2) 


31.4 ft 


Thus, half the charge (520 lb) should be m the lower 31 ft of hole. Wt of explosive contained in a 
given depth of hole depends on diam of hole and density of explosive. In Table 11, caitndges are 
assumed to be slit and well tamped to fill the hole completely, with no an spaces. 


Table 11. Approx Weight (Lb) of Explosive Contained in 1 Ft of Hole 


Diam of 
hole, in 

Straight 

N C 

Gelex 

type 

Red Cross 
Kxtra 

Quarry 

Gelatin 

B Blasting 
Pow der 

Du Pont 
Extra D 

4 

6 60 

6 1 

6 33 

7 35 

5 28 

5 46 

41/2 

8 40 

7 7 

8 06 

9 35 

6 72 

6 95 

5 

10 50 

9 7 

10 08 

11 69 

8 40 

8 71 

51/2 

12 6 

11 3 

12 1 

14 0 

10 1 

9 80 


15 0 

13 8 

14 4 

16 7 

12 0 

12 55 

1 \ 

20 4 

19 0 

19 6 

22 7 

16 3 

17 09 

8 

26 7 

24 5 

25 6 

29 7 

21 4 

21 85 

9 

1 33 7 

31 2 

32 4 

37 6 

27 0 

27 68 


Depth of lift. In deoj) open cuts or pits, rock is usually excavated in 2 or more benches 
or lifts Dex^th for economical drilling, size into which the rock breaks on blasting, and 
presence or absence of seams or of honz drill holes (called toe holes) which might assist 
bieaking, all deteimine economic height of lift. 3 Vs and 3 1 / 2 -in machine drills aie good 
to depths of 16 to 24 ft. Chum drills are efficient for almost any depth, and where they 
aie used lifts of 100 ft are common. Max depth for hand drilling is usually about 8 ft 
with hand hammer, and for machine drills, IS ft. As a rule, the higher the bench, the 
farther back from the face may the holes be located; but, the farther back the holes, the 
coarser will the rock break. In deep holes, the explosive should be separated into several 
charges with stemming between; for, if the entire charge is at the bottom of the hole, the 
bottom of the bench may be blow n out and the top left overhanging. If 2 rows of horiz 
holes aie diilled in the face, besides the vert holes, height of bench may be increased. 

Examples of open-cut blasting indicating that 4-6 ton of rock can be broken per lb explosive (25). 

Limestone quarry in Tenn, stone u.sed for R R ballast, etc. Blast was of 16 5 6/8”iri holes, aver 
depth, 75 ft, spaced 18 ft apart; aver face burden, 22 ft. Charge of 3 750 lb 60% and 3 700 lb 
40% low-freezing dynamite broke 5.7 ton per lb. 

Blast in cement rook, in Penn, of 14 5 6/8-in holes; aver depth, 86 ft, spaced 18 ft; face burden, 
30 ft. Charge of 4 850 lb 60% and 3 250 lb 40% dynamite broke 55 000 ton, or 6.8 ton per lb. 

Kentucky limestone quarry, for R R ballast; 9 holes, aver depth, 50 ft, spaced 18 ft apart and 
25 ft back; 3 250 lb 40% dynamite broke 16 200 ton, or 5 ton per lb. 
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Table 12. Spacing of Holes, Charges, and Results of Machine-drill Blasts (Original) 


Rock 

Kind of work 

Aver 

depth 

of 

Aver 
diet of 
rows 
from 

Aver 

dist 

apart 

Ft of 
hole 
per 

Grade 

of 

explo- 

Kind 

of 

explo- 

Explo- 
sive per 
ou yd 
of 

Diara 

of 

hole. 



hole, 

ft 

face, 

ft 

holes, 

ft 

cu 

yd 

sive, 

%Ngl 

81 ve 

rock, 

lb 

m 

Limestone . . 

Canal 

12 

8 

8 

0 40 

40 

A 

0 75 


Limestone. . . 

Crushed stone . 

6 

5 

6 

1.00 

40 

A 

0.70 


Limestone. . . . 

Cement . . 

20 




50 

A 

0 37 


Hard dolomite 

R R thro’-cut (a) 

20 

7 

7 

0 42 

60 

A(b) 

1 05 




15 



0 43 

50 

A 

0 26 (c) 


Limestone. . . 

Canal 

14 

4 

6 

|40 
( 60 

A 

A 

0 38 

0 38 


Limestone. . 


13 

8 

6 

0 56 

1 40 

A 

0 38 

0 44 




( 60 

A 

4 5 

Hard lime- 1 
stone f 

Crushed stone | 

26 ie) 
12 (/) 

20 

9 


0 47 

( 60 

1 60 

A i 

1 35 { 

5 5 

4 5 

Sandstone . . . 

R R side-cut 

12-18 

12-18 

0 10 

40 { 

B 

A 

1 00 

0 10 

Sandstone 

R R thro’-cut .... 

20 

12-18 

12-18 

0 20 

40 { 

B 

A 

2 00 

0 20 


Sandstone .... 

R R cut 

20 

18 

14 

0 15 


B 

0 15 (s) 
0 70 


Soft shale .... 

R R side-cut 

24 

12-18 

12-18 

0 08 

40 ( 

B 


Hard shale. . . 

R R thro’-cut . . 

24 

12-18 

12-18 

0 20 

40 { 

A (c) 

B 

A (c) 

0 03 

1 50 

0 10 


Granite 

Hubble 

16 

5 

5 

1 36 

60 

A 

0 20 


Hard granite.. 

Crushed, rubble . , 

(A) 


5 

\ 60 

} 

2 5 

Gneiss 


12 



1 33 

40 

A 

0 60 


Gneiss 


14 



0 63 

40 

A 

0 50 


Syenite. . . 

Mine 

12 

2 5 

*6(t) ‘ 

1 70 

40 

A 

0 67 


Iron ore ... . 

Mine 

12 5 



0 32 

52 

A 

0 44 


Seamy trap, . . 

Crushed 

14 



0 35 

75 

A 

0 20 


Massive trap, . 


16 



1 00 

40 

A 

0 70 


Seamy slate . . 

R R thro’-cut . , 

12(;) 

10 

10 

0 27 

60 

A 

1 11 

4.5 

Seamy rock 

Dam filling 

18 



0 13 


n 

1 85 



A. Dynamite. /?. Black powder, (a) 35 holes. (f>) Holes sprung with 2 lb dynamite (r) Holes 
sprung, (d) 45 holes. (#>) 60 holes; top holes, vertical, 26 ft deep. (/) 75 holes, 2 toe holes, one 
at 15° and one at 60° with vertical, 10 to 14 ft deep, the former being 6 ft away from & 2 5 ft 
in front of latter, (g) Sprung 3 times (A) 1st row 6 to 15 ft, from face, 2nd row, 7 to 10 ft from 
first row', about 2.5 lb of 75% dynamite & 6.251b of 60% per hole (i) Holes staggered. 0) 30 
holes; holes at angle of 15° with vertical. Sprung with 3 lb of dynamite. 

Oklahoma quarry, for R R ballast, 8 holes, 95 ft deep, spaced 2S ft, aver face burden, 33 ft. 
Charge of 2 200 lb gelatin, 3 350 lb 60% and 1 250 lb 40% dynamite broke 62 000 ton, or 9 ton per 
lb. Blast badly balanced, requiring very strong explosive at bottom Cost pei ton was as high or 
higher than a well-balanced blast. 

Blast in iron ore of 26 SVs'in holes; aver depth, 84 ft; spaced 15 by 15 ft; triple loaded, 8 500 
lb 40% dynamite broke 50 000 ton, or 5 ton per lb. 

Blast in cement rock, in N J, of 11 holes; aver depth, 102 ft; spaced 20 by 22 ft, 2 040 lb 60% 
and 4 475 lb 40% gelatin broke 40 000 ton, or 6 ton per lb. 

A 75 000-ton blast. West Va, cost 3 3^ per ton (1915). Of 15 6-in holes, 13 were 125 ft deep, 
drilled about 5 ft below quarry floor, 2 holes were 72 and 85 ft. Aver spacing, 15 ft, top burden of 
8-12 ft, bottom burden 25-35 ft. Charge per hole, 400-500 lb 60% gelatin, on top of which were 
150-600 lb du Pont quarry powder. Cordeau fuse was held taut while cartridges were dropped 
down the holes. In 10 holes, charges were split near middle by 10-20 ft clay tamping, 5 holes were 
loaded solid, with 30 ft tamping. On each line of Cordeau was 1 No 6 du Pont electric cap. Caps 
were connected in series and tested. About 50% of the stone was broken to 1-man size, none 
thrown over 100 yd from face. Aver burden per hole, 2 000 cu yd, aver charge, 900 lb. Total rock 
broken, 60 500 loose yd (75 0(X) ton), or 5.5 ton per lb. Cost per ton: explosives, fuse and caps, 
2.2fl; drilling and charging, 


6. CHARGING AND FIRING 

For facts respecting ordinary methods of charging black powder and dynamite, including 
data on fuse, detonators, squibs, tamping, and electric firing, see Sec 4, 6 (14, 20). Note , — 
Stemming is the tamping material; tamping, the act of inserting stemming. 



CHARGING AND FIRING 


6-15 


Table 13. Spacing of Holes, Charges, and Results of Churn-Drill Blasts (Original) 


Kind 

of 

rock 

Character 
of work 

1 

No 

of 

holes 

Diam 

of 

hole, 

m 

1 

Aver 

depth, 

ft 

Aver 

diet 

holes 

from 

face. 

Aver 

dist 

apart 

of 

holes. 

Total 

explo- 

sive 

used. 

Grade 

of 

explo- 

sive. 

Kind 

of 

explo- 

sive 

Rock 
blast- 
ed, 
cu yd 

Ex- 

plo- 

sive 

per 

cu 






ft 

ft 

lb 

% 


yd, lb 

E 

Crushed stone 

4 

5 5/8 

66 



1 5 500 


A 

20 000 

0 275 

E 

Crushed stone 

8 

5 

50 

12 

12 

1 200 

40 

A 



E 

Cement quarry 

12 

6 

204 

32 

I6.5( 

7 700 

15 000 



47 000 

0 483 

E 

Cement quarry 

8 

6 

65 

20 

20 

4 000 

40 

A 



b{ 

Open-pit iron 
mine. . 

} • 

6 

20 

15 

15 

65(6) 

40 

A 



E 

R R ballast .... 

8 

6 

48 

19 

* 18 

3 300 

40 

A 

5 720 

0 578 

E 

Cement quarry 

9 

6 

62 

32 

20 { 

1 800 

2 500 

40 ] 
60 \ 
60 j 

A 

12 320 

0.349 

E 

Cement quarry. 

12 

8 

140 

30 

30 { 

17 000 

16 000 



59 000 

0 55 


Hard R R bal- 
last 

} 8 

6 

95 

33 

28 1 

2 200 

3 350 

1 250 

60 

J 

B 1 

ll 

27 300 

0 249 

E 

Lime quarry 

3 

6 

100 

24 


1 200 
600 

60 )! 
40 ) 

A 

5 720 

0 315 

E 

Cement (juarry. 

9 

6 

52 5 

36 

20 j 

1 720 

2 500 

60 ) 
40 ) 

A 

13 660 

0 309 

F 

Hard granite 

16 

6 i 

115 

16 

32 

18 597 

C 

34 000 

0 5 

G 

Coppermine. . 

1 


80 



4 000(eV 

40 

A 

12 000 

0 333 

11 

R R thro’-cut 

578 

4 

25-40 

(/) 

(/) 1 

1 200 

27 275 

60 ) 
35 j 

B 

35 000 

0 814 


Open-pit mine 


(5 5/8 

15 5/8 

60 

60 

40 

15 

35 

15 

100(g) 

625 

40 

A 

D 

3 100 
500 

0 323 

1 250 

K 

Placer dredge . 



30 

20 

50 

30(1) 

80 

A 




R H thro’-cut 

8 

4 5 

32-37 

(h) 

22 

50 300 

2F-3F 

D 

16 113 

0 311 

* E 

Open-pit iron ore 

14 

9 

100 

30 

20 

23 000 


B 

30 500 

0.575 


A Dynamite B. Gelatin C. Nitiamon D. Black blasting powder E. Limestone. 
V Sandstone. Q. Porphyry 11. Basalt. / Copper porphyry. J. Tough carbonate. K. Gravel. 
L Ore and capping. (6) Per hole, (c) Sprung with 1.50 lb of 40% dynamite. (/) Holes in 5 
parallel lines. 1 center line, 2 lines 10 ft away, 2 lines 24 ft fiom center line. Holes staggered, 
14 ft apart, and chambered with 60% dynamite. Loading reqiured 8 days, (g) Per hole. (A) 
Holes on center line, the first being 18 ft from face. Holes sprung w'lth 15 sticks 60% dynamite, 
then 5.5 sticks, then 275 sticks. Tamping, after springing, cost ^12 to drill out. (») Per hole; 
cost of blasting about 5f4 per cu yd. 

Deep-hole blasting. For this it is often advisable to place the dynamite in several 
distinct chaigos sep.aiatod by stemming, each charge having its own primer, or all con- 
nected by a line of Cordeau fuse or Pnmacord. If the rock consists of hard and soft layers, 
charges should be placed m the hard layers. Contractor’s powder and free-running high 
explosive grades are charged like black powder, but are exploded by a dynamite primer. 
Other grades and all dynamites are exploded with detonators. If black powder and dyna- 
mite are charged in the same hole, the dynamite .should contain the primer. 


40 Kegs 2 Vi Boxes 40 Kegs 3 Boxes 


^|_CcnterLlT^^j^ 

I 


^do 


?clo 


^llo Z 

^do 


-15' — 20' >W-l0'-4< 20' >1 

Fig 11. Ariangement of Charges for a Large Blast 


Dynamite and black powder in one blast. In blue sandstone large charges of black powder and 
dynamite ia alternate rows of holes w’ere found effective (20). In Fig 11, the 24-ft holes were 
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made with churn drill, Tvith 3-in bit. Holes marked “kegs” were loaded with 26-lb kegs of black 
powder; and those marked “boxes” were loaded to within 4 ft of the top with 40% dynamite, as 
shown. Before loading holes with black powder, each one was sprung (see below); first with 15 
sticks of 1.25 by 8-in siae dynamite, second with 40 sticks, third with 80 sticks, and a final charge 
of 130 sticks of 40% dynamite per hole. The dynamite and powder were fired together, on the 
theory that the powder would lift the rock and the dynamite would shatter it. About 2 700 cu yd 
of rock were broken in one blast, with 800 lb of dynamite for springing and 6 000 lb of black powder 
and 1 100 lb of dynamite for the final charges. 

Springing deep holes (26) (Sec 4, Art 8, 9). By starting with a small charge, followed 
by gradually increased charges, the chamber at bottom of hole can be made nearly 
spherical, giving best concentration of explosive. First springing charge should not 
occupy more than 0.05 of total depth of hole. 

Gelatin dynamite is best for springing; it is safe, its plasticity and density eliminate air spaces, 
and, though slow in action when shot in the open, it has max quickness when confined, except in 
hardpan, clay and similar material; in these soft materials, ammonia dynamite is preferable. 
Charge should be packed solidly, to exclude air; stemming free from broken rock and small in 
amount, so the springing charge will drive it out of the hole. Water stemming has advantages due 
to ease of application, it reduces amount of rock blown out and keeps the hole cool, which is neces- 
sary before making the mam charge. Springing shots should be fired electrically. After study 
of bore-hole temperatures, the du Pont Co recommends that no explosive be placed in a sprung hole 
if a tamping stick left in the hole about 6 min feels warm to the hand. When holes are left to cool 
naturally, it is well to regulate the intervals between charges as follows, after first spring, 1 hr; 
second. 2 hr; third, 3 hr; fourth, 4 hr, fifth, 6 hr After last springing, wait until next day before 
charging. Heavy springing is not advisable m soft sh.ales, as it may hll the chamber with debris. 
In highly inclined strata, the shock of springing may cause a slip and close the hole. 

Charging deep holes. If the rock is seamed and 
cracked, the charge should not extend to upper part of 
hole, there must be ample space for stemming. 

Referring to Table 10, for C-m holes of depth and spacing as 
in Fig 12, IS ft of stemming is recommended, leaving 61 ft be- 
tween bottom charge and stemming for second half of charge 
520 lb of Red Cross Extra would lill 30 ft of the hole, leaving 
15 ft for stemming For max effect, it w'oiild be best to divide 
the charge into 4 sections, with 6 ft of stemming between them 
For electric blasting, it is unwise to split the charge into so many 
sections, due to difhcultv of wiring Where there are both 
hard and eoft strata above bottom charge, the explosive is 
placed in the hard strata and stemming in the weaker In 
uniform rock, broken charges are placed in adjoining holes so 
that explosive and stemming alternate along the line of holes 
Length of bottom charge is worked out as above for the 
different depths and spacings of holes in Table 13. When the 
face slopes, causing heavy toe resistance, explosive can be 
concentrated at the bottom by drilling larger diam holes, or 
decreasing the spacing, a row of staggered holes at the toe 
assists m such cases With a well-defined parting line at the 
quarry floor, it is rarely necessary to drill below grade; and, 
as the shearing resistance is then reduced, less explosive is 
required near the floor. 

Separate calculations for each hole (38) give best results 
xyr w j # and at lower cost Fig 13 shows a blast that might have done 
Methods of genous damage had its charge not been carefully computed, 
argiug a -in o e bank was irregular; parts having considerable overhang, 

And some holes an unusually heavy toe. If charges m holes 2, 7, and 8 had not been broken 


Table 14. Total Energy of Blasting Explosives (23) 



Ft-ton per lb 


Ft-ton per lb 

Blasting gelatin (a, b, c). . . 

, 996-1 149 

Carbonite No 1 (a) 

421-539 

Nitroglycerin (6, c) , 

1 030-1 157 

“ 2 (a) 

465-498 

Dynamite, 75% (6). . . 

i 819- 904 

“ “ 3 (a) 

494 

“ 65% ic,d) 

879- 925 

iMonobel (a) 

796 

“ 40% (6) 

864- 904 

Aetna coal powder (a) , . 

517-533 

“ 30% (c) 

721 

Coal special (a) 

525-564 

Nitrocellulose (6, c). 

511- 770 

Coalite No 1 (a) 

502 

Fulminate mercury (6, c) . , 

Black powder (a, b) 

287- 288 
402- 553 

" 2 (a) 

553 


o •“ U S Bur Mines, b =» Brunswig, c = Heise. d »• Bichel. 




CHARGING AND FIRING 


6-17 


near the bottom, where the bank sloped inward, fragments of rock might have damaged build- 
ings and plant, which were within 300 ft of the face. By care in computing each charge, no rook 
was thrown more than 150 ft. 

Force of explosives (23). Total energy of an explosive (Table 14) is the sum of its shatter- 
ing (percussive) and propellent forces; for practical results, the relative shattering and propellent 
values must be known (Table 15). 

If for a given case an explosive is not sufficiently shattering, use one of equal total energy but 
greater percussive value. For throwing broken rock farther, use an explosive of greater propellent 
force; or, if in this case, the rock was breaking to desired size, use explosive of greater total energy. 

^ j 123 466789 10 11 12 18 

Table 16. Explosives m Order of De- ooo oooooooo oo 

creasing Shattering and Increasing Pro- 
pellent Force (23) 

High Shattering Force 
Nitroglycerin 
Blasting gelatin 
75% gelatin dynamite 
60% dynamite, active dope 
50% 

40% 

30% 

“40%” ammonia dynamite 
“40%” gelatin “ 

Granular nitroglycerin powder 
Black pov^der (fine grained) 

“ " (coarse grained) 

High Propellent Force 

Blasting formulas are inaccurate, be- 
cause of difficulty m measuring the actual 
force de\ eloped, uncertainty as to the bur- 
den on the charge, and varying rock ehar- 
acteiistics. Tests are always necessary, 
but emiuncal formulas and all available 
data are useful as guides. 

General remarks on explosives, shattering 
efTccf increases with speed of explosion; effic 
vanes wifh degree of confinement of charge; 
ewcssiyo noise means wasted energy. Useful 13 Different Loadings for Varying Condi- 

efiect depends upon suitability of an explosive tions of Quarry Face 

for Its ^^o^k, as well as upon its strength, i e, 

upon the force it develops Straight dynamites are rated on percentage by weight of nitroglycerin 
(NG) contained; a 40% straight dynamite contains 40Vo NG» and any other kind (regardless of 
content) which develops the same force, weight for weight, is rated as 40%, the rating of straight 
dynamites serving as a reference. A dynamite of 40% bulk strength develops the same force volume 

for volume, as a 40% straight 
dynamite. Some high explo- 
sives, as the permissibles, the 
du Pont “Extras” and certain 
others for special work, are 
not rated by percentage, but 
marked by numbers or letters 
designating strength. Force 
developed is not in direct ratio 
to percentage rating; a 40% 
dynamite does not develop 
twice the force of a 20 %, be- 
cause ingredients other than 
NG and ammonium nitrate 
have some explosive effect of 
their own, altering the ratio. 
True ratios are shown in Table 
10; 1 cartridge of 40% is equal in force to 0 87 cartridge of 00% or 1 31 cartridges of 20%, except 
that in soft material the ratios may be lowered by greater spreading and heaving effect of the lower 
grades of explosive. 

Chamber blasting is done by driving a small tunnel or sinking a shaft, at the end of 
which chambers are excavated for the main charges of explosive. For black powder the 
chamber may be below the floor of the drifts, for convenience in pouring loose powder into 
large wooden boxes, built in the chambers. The tramping of the men packs it tightly# 


Table 16. Equivalents of Dynamite of Different Strengths 


( Jdp 

cartridge 
% N (f 

60%, 

50% 

45% 

40% 

35% 

30% 

25% 

20% 

15% 

60 

1.00 

1 06 

1 09 

1 15 

1.21 

1 29 

1 38 

1 50 

1 64 

50 

0 94 

1.00 

1 02 

1 08 

1 14 

1 21 

1 30 

1 41 

1 55 

45 

0 92 

0 98 

1.00 

1 05 

1 12 

1 19 

1 27 

1 38 

1 51 

40 

0 87 

0 93 

0 95 

1.00 

1 06 

1 13 

1 20 

1 31 

1 43 

35 

0 82 

0 87 

0 89 

0 94 

1.00 

1 06 

I 13 

1 23 

1 35 

30 

0 77 

0 82 

0 84 

0 89 

0 94 

1.00 

1 07 

1 16 

1 27 

25 

0 73 

0.77 

0 79 

0 83 

0 88 

0 94 

1.00 

1 09 

1 19 

20 

0 67 

0 71 

0 73 

0 76 

0 81 

0 86 

0 92 

1.00 

1.10 

15 i 

061 j 

0 65 

0 66 

0 70 

0 74 

0 79 

0 84 

091 

1.00 
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and the solid sides of the excavation offer greater resistance to the explosion. Coyote 
HOLES are one-man tunnels or drifts (Fig 15). 


Chamber blast, St. Helena, Ore (Fig 14). The rock was basaltic, weighing 175 lb per cu ft. 
Explosive was No 2, MV Trojan powder; charge, 3 500 lb. The tunnels were tamped to the 
portal with muck. The rock was sufficiently broken to be handled by steam shovel, little bulldozing 
(sledging) being necessary. Vol broken, 14 280 cu yd. 




Powder Pockets for Coyote Blast- 
ing (27) 


Coyote-hole blasting (27). A tunnel about 2.5 by 3.5 ft section is driven into the face, 
length being equal to 2/3 height of face above tunnel. At end of tunnel and lorniing a T 
is a crosscut, approx equal in length to mam tunnel. At each end of crosscut is sunk a 
powder pocket, large enough to contain the charge; their depth = 1 ft for each 10 ft of 
toe in front of pocket, vertical banks required less depth (Fig 15). 


An offset to hold the charge may be driven from the crosscut, or the charge is simply placed on 
floor of crosscut, but a sunken pocket confines the charge better. When length of tunnel is greater 
than height of quarry face, 2 or more crosscuts are driven to distribute the charges properly; this 
may also be necessary when rock is blocky. If rock is hard and high fragmentation desired, 2 or 
more powder pockets, 15-25 ft apart, are made in each crosscut. 

Charges. Coarse-grain black powder, primed with 5-10% of its wt of 40 or 609o straight 
dynamite, gives best results. To find required charge, first compute the cu yd of material above 
the tunnel (“yardage in the square of the shot”) ~ (length of tunnel X length crosscut X aver height 
of face, ft) 4- 27. A well-designed blast often breaks twice the yardage in square of shot, but the 
above is conservative For road-surfacing rock, the charge is 0 3-1 5 lb per cu yd in square of shot. 
To throw rock clear of right of way, as in sidehill road making, the charge may be 1 75-3.5 lb per 
cu yd; for this purpose, better err on side of over-charging; a good blast will throw 00-80% clear of 
right of way. 

Charging (27). One 50-lb case 40% straight dynamite is placed in bottom of each powder 
pocket, 3 cartridges being primed with electric caps. Electric blasting cap wires are connected in 
series, if a blasting machine is used, or in parallel if fired by a power current (Fig 16). Free ends of 

wires are connected to No 14 gage duplex 
leading wire, running out to the face. All 
joints well taped and leading wire wrapped 
m roohng paper or gunny sacking to pro- 
tect from injury. 

Computed charge is placed in the 
pockets on top of primer. Loading ex- 
plosive in original packages saves time, 
and IS safer; but, in charging blasting 
pow'der in sidehill work, for wjisting the 
rock, it 18 best to pour it into the pockets. 
The charge is covered with dry earth or 
rock screenings. One wire from right- 
hand pocket is connected with a wire 
from left-hand pocket, and the 2 free wires are connected through the leading wires to the blast- 
ing machine. For max detonating effect, run a line of countered Cordeau fuse from unit to unit, 
with a coil on bottom of each pocket. When any one charge explodes, the Cordeau detonates the 
others. 

Crosscuts and tunnel are finally tamped with broken stone. Logs are often used to aid in con- 
fining filling; a row being laid crosswise on, floor at end of tunnel, their ends projecting into the 
crosscuts. Spaces between the logs are filled with clay. Other layers of logs follow, to the roof of 
tunnel. Mam tunnel is then tamped, and blast is ready for firing. 

Best theoretical length of tunnel (27) is equal to about 2/3 the height of face; but, with only 
1 crosscut, a tunnel more than 60 ft long is impracticable. A shorter tunnel and 1 crosscut generally 
give best results at least cost; for high banks and large charges several crosscuts may be driven. 



Fig 16 Modes of Wiring for Coyote-hole Blasting (27) 
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Table 17. Charges Used in Chamber and Coyote Blasts (Original) 




Rock 

Dyna- 

Black 

Judson 

Lb per cu yd 

Case 

Rock 

ened. 

mite, 

lb 

powder, 

lb 

powder, 

lb 

Dyna- 

Black 

Judson 




cu yd 

mite 

powder 

powder 

•S 

I . . 

Gianite 

1 10 000 

144 

35 000 


0 001 

0 320 


a 

IT 

Porphyry . 

50 000 

100 


1 200 

0 002 


6 024 

III 

Granite 

80 000 

5 400 

29 050(oj 


0 067 

6 374(o) 


§ 

IV . . 

Limestone. 



12 000 






V . 

Sandstone. 

220 000 

i 250 

43 100 


0 006 

0 195 



VI . 

Rock 

350 000 

11 400 


114 000(6) 

0 033 


0 326 


VII. . . 


14 280 



3 500 



0 245(6) 

0 120 


VIII. . } 

Black tra- ) 
chyte } 

250 000 

3 000 


30 000 

0 012 



IX ... 

limestone,. 

1 700 

26 

2 775 


0 015 

1 632 



X .... 

Granite 

440 000 

32 

18 250 


0 0001 

0 042 



XI , . . 

Gravel 



17 500 






XII. . . 

Gravel 

150 000 


50 000 



0 333 


1 

XIII.. { 

Cemented ) 

500 000 



36 400 



0 072 


gravel ) 








u 

XIV. . . 

Gravel 

200 000 

3 500 



0 018 



'S 

XV .. 

Rock . . 

10 000 

500 

7 500 


0 050 

0 750 



XVI . 

Basalt 

40 000 


35 000 



0 875 


a 

XVIL . 

Basalt 

90 000 


34 625 ! 



0 385 


a 

XVIII. 

Basalt 

40 600 



10 000 



0 247 


XIX 

Basalt 

1 to 000 



21 000 



0 191 

B 

XX .. 

XXI 

Basalt 

Hard basalt 

56 000 



10 000 



0 179 


400 000 

20 000 

431 000 

0 050 

1.078 

O 

XXII 

Basalt 

54 800 



8 000(6) 



0 146(6) 

3 

XXIII 1 

Cemented ) 

180 000 


30 025 



0 167 



gravel ) 










Notes on Table 17 (20) I. West Beaver Creek dam, Col. Tunnel 75 ft below apex of rock, 
135 ft long, with several bend.s. Cross drifts, 35 ft long, each way from end of tunnel. Charges 
at ends of cross drifts, with 3 000 lb of powder along outer wall of remainder of cross drift. Stem- 
ming rock, earth, timber. II Otay, Cal. Tunnel, 4 by 5.5 ft, 50 ft long. 18-ft Y-branches at end 
for chambers Charges* 4 000 lb Judson powder and 50 lb dynamite in one chamber, 8 000 lb 
powder and .50 lb dynamite in other. Cost* drifting, $645; powder, $960, charging, $75; total, 
3 0^ per cu yd. Further breaking by powder in seams made total cost 5ff per cu yd III. San Diego, 
Cal. Morena dam. Open cut perpendicular to face, with 4 by 5-ft drift, 115 ft long, parallel to 
and 100 ft from cut. Chambers sunk beneath floor at end and 70 ft from face. Face chamber 
contained 500 lb 7% Champion powder and 1 500 lb 40% dynamite; end chamber, 28 550 lb 7 and 
9% powder, I 900 lb 40%, and 2 000 lb 60% dynamite. Stemming earth, timber. Cost: open- 
cut, $3 500, drifting and charging, $2 478; explosives, $3 116; total, 5 Oofi per ton. IV. North- 
ampton, Pa. Quarry. Face, 135 ft high. Drift, 3 ft wide and 238 ft long, along a fault 50 to 100 
ft from face 4 chambers below tunnel, 45 ft apart, and 3 crosscuts each way, 25 to .56 ft long. 
Total cost, $3 825. V. Ferrino, Wash. Quarry. 65-ft face. Two 3.5 by 4-ft drifts, 200 ft apart; 
one 1.50 ft long, with 3 crosscuts 50 ft apart, each 80 to 100 ft long; the other 180 ft long, with 4 
crosscuts, each 70 to 100 ft long. 60% dynamite. Stemming: muck, timber, and cement bulk- 
heads. VI. Piedra, Cal. Quariy. Aver height of face, 91 ft; aver overburden, 68 ft. 6 drifts, 
each 80 ft long, with 2 crosscuts each side. Crosscuts 40 ft apart, 40 ft long. Pits at ends of cuts. 
60% dynamite and .Judson 11 R P. Cost of explosives, 2.6^5 per cu yd. VII. St Helena, Ore 
Quarry. Drift, 3 ft wide by 46 ft long, with cro.sscuts at end, one 32 ft, the other 40 ft long. Half- 
way fiom face, a ciosscut in each side, 32 ft long. No 2 Trojan powder in 4 charges of 150 to 250 lb 
in short cut and 5 charges of 400 to 700 lb in long out. Cost explosives, 5)^359; loading, $58. 
VIII. Corona, Cal. Quarry. Overburden, 80 ft. Drift, 110 ft long, with side drift 60 tt from 
face, 15 ft long to left and 40 ft to right, diagonal drift 80 tt from face, 40 ft to left, and at the end a 
diagonal drift 50 ft to left and a straight drift 50 ft long to right. End of drifts charged with Judson 
R R P and 00% dynamite. IX. U P R R. 18-ft cut, 2 pits chsiged with 26 lb dynamite and 
2 775 lb of powder. Cost, about $1.10 per cu yd. X. Long Cove, Me. Shaft, 4 by 4 ft, 61 ft deep, 
with 2 drifts at bottom, each 27 ft long. - Crosscuts from ends of drifts, 20 ft long. Explosives m 
crosscuts ICstimate of 1 000 000 tons broken seems too high. XI Paragon hydraulic mine. 
Face, 1.50 ft high Drift, 110 ft long. Cros.scut at right, 70 ft long, with drift at end, parallel to 
main drift, .55 ft long. Crosscut at left, 60 ft long, with drift at end, 30 ft long. Much space left 
untamped for expansion of gases. Cost drifting, $300; explosives, $2 700. XII. Blue Point 
hydraulic mine. Drift, 3 by 4 ft, 275 ft long. 6 crosscuts, each 120 ft long on left; 6 on right, each 
80 ft long. Fust drift on right, 75 ft from portal, and at end a 1.5-ft drift, parallel to main drift. 
XIII Dardanelles mine. Face, 175 ft high, 1 200 ft long. 5 parallel diifte, across each of which 
were 2 or more crosscuts. Total length of diifts, 1 200 ft. XIV. Hydraulic mine. Giant powder 
No. 2. XV. Colorado. Dam. Coyote or one-man tunnel, 40 ft long. 2 crosscuts from end, 
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each 12 ft long, with pits at end. Explosive, FFB powder and 40% dynamite, charged in pits. 
Stemming: earth. Cost: labor, $384; dynamite, $155; powder, $1 140; caps and fuse, $11. Total, 
lO.Ofi per cu yd. XVI. Oregon. R R. Coyote hole, 2.5 by 3 ft in hillside, 50 ft deep. Crosscuts 
at end, 75 and 45 ft. Charges in the 3 openings. XVII. Crooks Landing. R R. 4 or 5 coyote 
holes, 80 ft long, with Ts 40 to 60 ft long at ends. XVIII. Oregon. R R. 165 ft breast. XIX 
and XX. Oregon. R R. XXI. Snake River, Wash. R R. 75 coyote holes, 2.5 by 3 ft, each 
averaging 89 ft long, run into and then parallel to sidehill face. 3 500 ft of cliff mined by 6 177 ft 
of coyote holes. 20 000 lb of dynamite used in preparing for main blast of F to 5 F black powder. 
XXII. Oregon. Coyote holes. No 2 Trojan powder. XXIII. Smartsville, Cal Hydraulic 
mine. Shaft, 74 ft deep, with main drift 185 ft long from bottom. 3 crosscuts, 70, 120, and 170 ft 
from shaft, 40 ft long on either side 10 hfter drifts from crosscuts, each 15 ft long, parallel to mam 
drift. Total drifts, 570 ft long by 2.5 ft wide by 3.5 ft high. Material moved, 270 b> 180 by 100 ft. 
Noie , — Above costs are pre-war. 


Gophering is a mode of blasting used in breaking the overburden in the Mcsabi, Minn, 
mining districts, and elsewhere, in sandy, loose ground, w'here vertical holes can not be 
kept open (20). (See Eng Min Jour, Vol 88, p 696.) A hole is bored with a pointed 
bar, at a down angle of 15° to 20° in the side of the bank. Dynamite caitiidges, placed 
end to end, are pushed into the hole and exploded. The muck is lemoved with a long- 
handle shovel, the hole deepened further, and the process repeated until a hole 10 or 
12 in diam and deep enough is obtained. A chamber i.s made at the end by springing 
with 2 or 3 cartridges. A long-handle box filled with powder is pushed in and overturned. 

Boulder blasting is done by; mudcapping or bulldozing, blockholing; and under- 
mining or snakehohng Other cheaper methods are: by sledging, by drop-hammer or 
drop weights; by heating with fire and then cracking by applying cold water; by a com- 
bination of 2 or more of these 


Blasting Cap 


Mud 

Dynamite 


methods. Heating can not be 
used with boulders largei than 0 5 
to 0 75 cu yd. Mudcapping con- 
sists m exploding a charge of dy- 
namite on the Bill face of a rock, 
after covering it with earth (Fig 
17); it IS most efToctivc \^hen a 
depression is selected for the ex- 
plosive, if the cap is laid on the 
dynamite and not shoved into it, 
and if wot clay is used as a cover- 
ing. Snakehohng consists in bor- 
ing a hole beneath a boulder and firing a charge in it (Fig 18). It is more efficient, but 
not so rapid as mudcapping. Blockholing consists in drilling a shallow hole in the boulder 
for small charge of dynamite. 

Relative costs per cu yd of breaking boulders, from a number of pre-war records (20) 
was: sledging, 4.3^^, drop-hammer, 6.5^; heating, 119^; blockholing, Ifi.Sfi; under- 
mining, 17.6^; mudcapping, 31^; mudeappmg and sledging, 32. 1^. 



Sli t ' Car t rid ge« ; ' 
Fig 17. Mudcapping Fig 18. Snakeholing 


Table 18. Charges for Boulder Blasting (du Pont Co) 


Weight 

of 

1 boulder, 
lb 

Approx No of ! 25 by 8-m 
cartridges (40-60% dynamite) 

Weight 

of 

boulder, 

lb 

Approx No of 1 25 by 8-m 
cartridges (40-60% dynamite) 

Mud- 

capping 

Snake- 

holing 

Block- 

holing 

Mud- 

capping 

Snake- 

holing 

Block- 

holing 

500 

1.5 

1 

0 25 

4 000 

4 

3 5 

1 25 

1 000 

2 

1.5 

0.5 

5 000 

4.5 

4 

1 75 

2 000 

3 

2 5 

0 67 

7 500 

6 

5 

2 5 

3 000 

3 5 

3 

1 

10 000 

8 

6 

3 3 


Details of charging, tamping and firing (see Sec 4, Art 8-10). In general, a charge should not 
occupy more than 0.5-0.6 the depth of hole (24). The wasteful practice of nearly filling the hole 
with explosive should be prohibited. In close-spaced holes, the primer is sometimes placed at bot- 
tom, 8US the fuses are then less liable to be cut off by adjacent shots, but this position of primer may 
cause side-spitting of fuses; primer is best inserted last. Complete detonation being essential for 
max force, use only strong caps in good condition. 

Burning speed of fuse is affected by differences in atmos press. A fuse burning at 30 sec per ft 
at sea level burns at 40 sec per ft at 5 000 ft, and 50 sec at 10 000 ft. Fuse in a hole full of water 
burns faster than in a dry hole. For firing holes in sequence, at least 2-in difference in length of 
fuses is essential; thus, in a 6-hole round, shortest fuse is 12 in shorter than longest. 
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For electric firing, delay electric blasting caps, electric igniters, wiring of holes, and circuit 
testers, see Sec 4, Art 10. Switches for taking current from power lines should be enclosed in a box 
that can not be closed or locked unless switch is open. 

Results of tamping experiments by U S Bur of Mines, Trauzl lead-block method (28): (a) for 
black powder, the best tamping is requisite for max effect, (6) for 40% dynamite, even small amounts 
of good stemming show, by lead-block tests, at least 50% increase in effic (other tests, in actual 


Table 19. Characteristics of Modes of Firing Dynamite 



Cap and fuse 

Electric cap 

Delay 
elec cap 

Delay eleo 
Igniter 
and cap 

Full energy from explosive 

Ist 

Ist 

Ist 

Ist 

Freedom from misfire 

3d 

Ist 

Ist 

2d 

Relative safety to blaster . . 

3d 

Ist 

Ist 

2d 

First cost 

Ist 

2d 

4th 

3d 


Summary electric firing is best, for both black powder and dynamite, in everything but first 
cost, which may be greatly increased by misfires or a single majoi accident 


rock, 20-25%), rate of effic decreasing with more tamping; (c) good tamping diminishes danger of 
ignition of coal gas or dust from blow-out shots; (d) considering effic only, the length of stemming 
should bo at least 3 times that of explosive (but in actual practice is usually 0.5-1.0 times). In 
gaseous or dusty mines, holes should be completely filled with beat stemming; (e) more stemming is 
necessary for old or frozen dynamite, (/) the larger the diam of hole, the greater the length of stem- 
ming required; (g) well-stemmed holes produce most perfect detonation, with smallest evolution of 
poisonous gases; (h) moist fine clay or other plastic material makes best stemming for all explosives; 
dry powdery material is least effic. Wooden tamping bars should always be used. 

Use of paper tamping bags (30>, containing specially mixed stemming, increases blasting 
effic; breakage is imiuovod, with possibility of using lower-grade explosive or smaller 
charges Cai tridge-shaped bags of different sizes, obtainable from makers of explosives, 
aie now wndely used. 

Ariiicond i Copper Mining Co hn.s developed a machine for filling tamping bags. At a Virginia 
coal mine the filling apparatus consists of an inclined receiving table for the screened clay, set on a 
pitch of .Jo®, uith a honz shelf at its base. In the shelf is a row of holes 4 in apart, each with a brass 
tube 1 25 in diam by 10 in long, extending below' the shelf. A hinged drop table underneath the 
shelf supports a senes of 1 5-in tamping bags, which are slipped over the tubes and filled. With 
this device, 1 man fills 4 000 bags m 8 hr. 

Avoiding waste of explosives (.11) Blasters should be taught to think in terms of cost of explo- 
sive, and to figure tonnage of rock broken per ft of hole in number of shots, hole spacing, etc; all 
of which leads to economy. 

Prevention of misfires (.33), Use good explosive materials. Keep explosives in dry 
storage (Sec 4, Ait G). Carefully prepare cap and fuse; cut off 0.25 in of all fuse exposed 
to air for any length of time; cut fuse squarely across, and push it without twisting 
motion into the ca]) (Sec 4, Ait 8) 

Note. — Table 4 of Sec 4 contains data for making preliminary determinations of the 
character, giado and strength of explosive for different kinds of rock and of excavation. 
It IS advisable, howevei, for large-scale operations, and particularly for underground coal 
and metal mining, to snpiilenient the recommendations given m the table by actual blast- 
ing tests and data of work in similar ore or rock (see Art 4, 6; also Sec 6, 7 and, in 
Sec 10, the data on drifting, crosscutting, stoping, etc). 


7. HAND AND MECHANICAL LOADING AND HAULING 

Hand work, (^ne man can load 2 to 20 cu yd of rock (place measure) in 10 hr, depend- 
ing mainly on size of pieces and height to be lifted. 

On Chicago Drainage Canal the aver per man in 10 hr was about 7 cu yd loaded into dump cars. 
Sledging took about 14% of the time. Aver per man loading into low cableway skips, 10 cu yd; 
LARGE STONES were rolled into the skips, very little sledging being required. In loading wagons 
with high sides, 1 man will average 10 cu yd solid measure (17 ou yd loose) of easily-lifted stones per 
10 hr. Stones handled singly can be thrown off a wagon twice as fast. Stones can be loaded on 
wagons having stone racks at rate of about 13 cu yd per 10 hr, and rolled off at 60 cu yd per hr (20). 
Crushed stone can be shoveled from smooth boards or steel sheets at the rate of 13 cu yd solid 
measure (22 cu yd loase) in 10 hr; in shoveling from the ground or hopper-bottom cars, 1 man will 
handle only 7 to 8 cu yd solid measure (12 to 14 ou yd loose). 
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Steam shovel work» Cost of rock excavation varies greatly. In the soft iron ore of 
Mesabi range, under fair conditions, a steam shovel easily loads 250 cu yd per hr; but, in 
poorly drilled and blasted rock, broken in large pieces, it may do as little as 17 cu yd per hr. 


Table 20. Output of Steam Shovels, Loading Blasted Rock. One 10-hr day’s work (13) 


Material .... 


Iron ore 


Limestone 

Slate, 

lime- 

stone 

Por- 

phyry, 

granite 

Por- 

phyry 

Sand- 

stone 

Work.. . 

In bank 

Stock pile 

Quarry 

R R cut 

R R 

R R 

R R 

Canal 

Conditions. . . . 

Good 

Fair 

Fair 

Good 

Fair 

Low face 

Good 

Hard 

Hard 

Bad 

drilling 

No of shovels. 

1 

1 

av of 5 

1 

av of 2 

1 

1 

av of 2 

av of 2 

1 

1 

Size, tons. 

70 

95 

70 

90 

95 

65 

70 

70 

70 

65 

70 

Dipper, cu yd . 

2.5 

2.5 

2.5 

2 5 

2.4 



2.5 

2 5 

2.5 

2.25 

Coal, tons .... 

1 75 

3 

2.35 

4.5 

3.5 

2.8 

2.3 

2.8 

2.2 

2 2 

3 

Oil, gal 

1 4 

3 25 

1 45 

8 5 







5 

Water, gal . . 
Cu yd loaded . . 

3 000 
892 

5 000 

1 350 

3 500 

1 251 

7 700 

2 728 

917 

358* 

205* 

11*26 

*799* * 

447 

4 500 
379, 8 hr 


In N Y mica schist, broken large, a 65-ton, 2.25-cu yd dipper shovel averaged for several weeks 
about 280 cu yd solid measure per day into cars; part loaded by the dipper, part lifted by a chain 
hooked over the dipper teeth (20). On Chicago Drainage Canal, 2 Bucyrus 55-ton shovels, with 
broad shallow 2.25 cu-yd dippers, loaded limestone on one section (Table 20). The rock was in 
large pieces, much of which had to be hfted with chains. Combined output of the 2 shovels was 
118 650 cu yd (solid measure) during 406 10-hr shifts, or an aver of 296 cu yd per shovel per shift (20). 

Steftm shovels for rock excavation are now largely of the revolving type, with 0 75—4 cu yd 
dippers and caterpillar treads. They have greater mobility than R K type on car trucks and can 
always be kept within the most effective range of work. Bucyrus 120B revolving shovel for rock 
work is in 3 sizes: standard, 4-cu yd dipper, 29 5-ft boom, 20-ft dipper handle, hioh-lift, 3.5-cu 
yd dipper, 32-ft boom, 22-ft dipper handle; extra high-lift, 3-cu yd dipper, 36-ft boom, 25-ft 
dipper handle. Makers report 260 cu yd blasted rock handled per hr; under favorable conditions, 
300 cu yd possible (see Sec 3, Art 8 and Sec 27) 

Loading with derricks, and bucket or skip. A horse-operated derrick, with a crew of 1 foreman, 
1 hooker, 6 shovelers, 2 tagmen, and 1 dumpman, water boy and team and driver, unloaded 120 
cu yd loose measure in 1 day. In using an engine-operated derrick, with a bullwheel for slewing, 
tagmen (for slewing the boom) and team are eliminated, and an engineman and coal are required. 
A crew of 1 engineer, 1 signal man, 1 dumpman, and 7 loaders, unloaded from a scow’ 21.3 cu yd 
of S/8~in crushed stone per hr. Clamshell buckets are good for unloading cars and scows. 

Cableways (Sec 26) are frequently used in quarry work, canal and trench excavation, 
and m open-pit mining. 


Table 21. Output of 4 Chicago Drainage Canal Cableways (1 month) 



I 

2 

3 

4 

No of 10-hr shifts ... 

49 

35 

i 52 

49 

Total cu yd rock 

12 633 

8 632 

16f62 

14 535 

No of skip-loads, day shift 

5 111 

5 327 

5 435 

4 369 

No of skip-loads, night shift 

4 087 

1 201 

5 467 

4 468 

Cu yd solid rock per skip 

1.44 

1 32 

1 48 

1 65 

Cu yd solid rock per shift . 

258 

247 


297 

No of laborers 

27 

27 

32 

32 

No of foremen 

2 

2 

n 

40 

2 

Total labor, hr 

12 861 

9 608 

17 075 

15 227 

Cu yd rock loaded per man per shift 

9 82 

8 98 

9 46 

9 54 

Tons coal per shift 

1 83 

1 83 

2 28 

2 28 


Chicago Drainage Canal (20) employed 19 cableways w'ith spans of 550 to 725 ft, traveling towers 
73 to 93 ft high, and equipped with aerial dumps. Mam cables, 2.25-m, hauling and hoisting cables, 
0.76-in, button and dumping cables, 0/8-in A 70-hp boiler and 10 by 12-in engine gave a hoisting 
speed of 250 ft, and a traveling speed of 1 000 ft per min. A complete outfit, with 2 by 7 by 7-ft 
skips, weighed 225 tons. Crew: engineman, fireman, signalman, rigger and laborers for loading. 
Capac of cableways, 300 to 450 cu yd solid measure per 10 hr. 

Arrowrock Dam, Boise irrigation project, Idaho. Two Lidgerwood cableways handled 101 263 
cu yd of blasted rock, boulders, gravel and sand. Span, 1 300 ft; aver traveling distance, 500 ft; 
aver hoisting distance, 300 ft. Hoisting load, 8 tons, at 300 ft per min; conveying speed, 1 200 ft 
per min. Skips, 8 by 8 by 2 ft. In July, 1912, 2-8hift work; m Aug, Sept, and Oct, 3 shifts. Out- 
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put for 4 mo, 40 624 loads, averaging 2.49 cu yd, practically all handled in 2 shifts. Coat of opera- 
tion (not including loading), 37^1 per cu yd, as follows; labor, ll.lii; power, 4^; supplies, l.Sfi; 
repairs, 4.7ji; deprec, 6.4^; preparatory expense, 9.2^. Wages: laborers, $2.40 per 8 hr; cableway 
operators, $4 to $5; riggers, $3 to $4. Power cost, 1 . 5 ^ per kw-hr. Deprec was figured on charging 
off 75% of first cost and all the installation cost (20). 

Canal work. On St Mary’s Channel Improvement, 4 cableways handled 1 700 000 cu yd of 
limestone in 2.5 yr. Rock was loaded into skips by 4 60-ton traction-mounted steam shovels. 
Skips held 6 cu yd each, but sometimes 8 cu yd (18 tons) were handled. 2 cableways had spans 
of 1 100 ft and 2 of 800 ft. Aver haul, 300 ft. Best month’s record for all, 22 000 cu yd each; best 
month’s record for one cableway, 30 000 cu yd (20). 

Stone-boats are wooden or sheet-iron platforms, best mounted on runners, for hauling large 
stones short distances. If the runners are greased, 1 ton can be pulled by a team weighmg 2 400 lb. 
A SKID ROAD IS formed of partly imbedded round sticks of timber set like ties of a track 3 to 6 ft 
apart. A stone-boat holding 0.5 cu yd (solid measure) of rock can be drawn over such a road. 
A LIFTER or DEVIL IS a woodcn stretcher on which 2 men can carry as much as 0 5 cu yd. On the 
Grand Trunk Pac R R (20), rock was cheaply hauled by stone-boats on pole tracks m summer for 
hauls less than 600 ft, and m winter any distance. Track was of 2 lines of 20 to 30-ft poles, 4 to 8 in 
diam, 5 5 ft apart for 2-horse team and 3 ft apart for 3-horse team. Poles were joined by 2-in 
hardwood pins. Boats were of 10 or 12 logs, 7 m diam by 8 ft long, fastened together by 2 1.25-in 
rods. In winter the track was iced, in summer, greased (1 gal per 100 ft per day). In winter, a 
team could haul 3 yd rock; in summer, 1 5 yd, aver load, 7/8 cu yd On a 500-ft haul a team and 
6 men took 40 to 60 loads per 10 hr. Aver yardage per man loading, 7 3 cu yd, many rocks were 
large and had to be blockholed. The excavation comprised. 20% shovel dirt, 30% easily lifted 
stones, and 50% pieces 1 to 5 yd in volume. Cost of loading, 31^ per cu yd, cost of transport, 17 fi. 
Wages* muckers, $2 00 to $2 25; foremen, $3.75, maintenance of each horse, 75 (. per day. 

Wheelbarrows hold about 0.04 cu yd solid rock; loaded by 1 man in 2 min, and wheeled at 
180 to 250 ft per min, losing 0 75 nun per round trip. 

Carts and wagons. In aver rock, 1 cu yd solid equals 1.75 cu yd broken, and weighs about 
2 2 tons Over poor dirt roads, with occasional steep rises, 0 5 cu yd (1 ton) solid rock may be 
hauled by 2 horses; on hard, level road, 1 5 cu yd, aver load on good roads, 1 cu yd (2 ton). Aver 
speed of haul, 220 ft per min. A l-horse cart, on short, downhill hauls, takes an aver load of 0.25 cu 
yd solid rock; under favorable conditions, Va cu yd aver. For short hauls, 1 driver can run 2 carts. 
With wagons, 2 men and a driver can load 1 cu yd on a stone rack in 15 min and 1 man and driver 
can unload it in 7 mm, or total lost time of 22 mm. Aver of each loader, 7.5 cu yd m 10 hr (Sec 27). 

Cars on track. For tractive power of horses and resistance of ordinary dump cars 
see Sec 3. On level track, a team will haul 2 cars, each of 3 cu yd solid rock; on slight 
down grade, 1 horse will haul 2 cais holding 1 to 1.5 cu yd. On good track, at slight 
down grade, 1 horse can haul 4 light rocker-dump cars holding 4 cu yd, if assisted by labor- 
ers ill starting. If rock be broken into sizes that 1 or 2 men can lift, 6 to 7.5 cu yd can 
be loaded per man in 10 hr. Alx)\it 4 min are lost in changing teams from empty to loaded 
cars, provided the track arrangement is good. Speed should be 200 ft per min. 

Steam-shovel loading. In loading rock by steam shovel, the output of the attendant tram and 
locomotive is limited chiefly by the shovel output, not by the speed at which a tram may be handled. 
Following work was done m a quarry of haid crystalline limestone, by 2 Bucyrus 95-ton, 2.5-cu yd 
dipper, shoveLs (13). Shovel A. First day. Working time, 691.5 mm; lost time, 59 mm, of 
which 41 mm wore for blasting, clearing track, and tightening jacks, 13 min waiting for cars to be 
spotted, and 5 min idling Second day 138 mm were lost waiting for cars, of w'hich 87 mm were 
spent in drilling, blasting, leveling, and preparing to move, and 55 mm idling. On 2 days, 197 min, 
or 15 5% of the time, was lost waiting for cars, while cars lost on account of shovel, for no apparent 
reason, 7 mm, moving forward, 107 rnin, drilling, 125 mm, blasting, 67 mm, clearing track, 9 mm; 
total, 315 niin, or 25%. Shovel B m 2 days worked 1 290 min. A total of 266 mm or 20 6% was 
spent waiting for oars, of which 87 mm was in idling. On same days, 327 ram (25.4%) was lost to 
the trains by the shovel, as follows* oihng, 10 nun, getting up steam, 42, repairs, 5, waiting for 
cars to be loaded, 52, blasting, 81 ; moving forward, 113, coaling and miscellaneous, 25 mm. There 
were 5 35-ton dinkey locomotives, 4 working and 1 being overhauled. They hauled 10-car trains. 
Cars held 5 cu yd and weighed 4 tons While moving, the engines averaged 527 ft per min, mini- 
mum speed, 156 ft, maximum, 1 000 ft per mm (see also Sec 27). 


8. QUARRYING (see also Open-cut Excavation, Art 9) 

Kinds of stone. Dimension stone is quarried and split to assigned dimensions ready for 
dressing. Rubble stone is m rough slabs or blocks of irregular sizes. For dimension stone, there 
must be a good working face and usually a channel at each end, to expose 3 faces Then, by 
wedging oi careful blasting, long blocks are secured, which are split into short blocks for handling by 
derricks. To get a cushioning effect m blasting dimension stone, several inches of hole above the 
charge may be filled with hay; called “expansion tamping ’’ For rubble or backing stone, but little 
channeling is done; the rock is shaken up by light blasts and irregular slabs barred and wedged out. 

Joints and cleavage planes must be carefully considered. All sedimentary rocks and some 
others, as granite, have 3 perpendicular cleavage planes called the gr\in, rift, and head. Trap 
rocks, diabase, diorite, porphyry, etc, often have no rift and are unfit for dimension stone. Cost of 
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quarrsring depends partly on thickness of beds and their dip (slope) to the horizontal. With steep 
dips, both thick and thin-bedded stone must usually be removed simultaneously; as the quarry 
deepens, the depth soon becomes too great for profitable work. If joints are irregular a quarry 
is a BOULDER quarry; if vertical and at right angles, block quarry; where there is practically no 
vertical joint, but a series of honz joints, a sheet quarry. 

Plug and feathering consists of splitting rocks by shallow holes, in which 2 feathers 
or shims (pieces of half-round iron, the sides of which are curved to fit the hole) are forced 
apart by hammering a wedge plug between them (Fig 19). 

Holes required. A granite block 6 ft thick may be split 
with a row of plug holes 5 in deep and 6 to 8 in apart; for a 
3-ft block, holes are 2.5 to 3 in deep. Marbles and sandstones 
require deep holes. For sandstone, holes are 1.25 to 2 in diam, 
4 to 16 in apart, depth being 2/3 the thickness of the block. 

Drilling methods. Plug holes are drilled by hand, pneu- 
matic hammer drill, or reciprocating drill. For shallow holes, 
the hanuner drill is cheapest, hand hammer next. For deep 
holes, a reciprocating drill on a quarry bar, or a hammer drill, is 
most economical. Hand plug-hole drilling. In granite, 1 man 
can drill in 8 hr 80 S/s-in holes, 2.5 in deep; total, 17 ft. With 
holes 24 to 30 in apart, and wages at 30?f per hr, cost of splitting a 
block is 2.5 to 3^ per sq ft. Pneumatic hammer drills. In 
granite, 1 man can drill in 8 hr 250 ^/g-in holes^ 3 in deep, if the 
driller does not drive the plugs. In sand stone, 4-ft holes have 
been drilled in 18 min, and 20 holes, 18 in deep, were drilled at 
Baby drill, on quarry bar, will drill a 3- or 4-in hole in 0.75 
mm, averaging about 100 holes per day. 

Special quarry methods. Broaching or broach channeling consists in drilling a row 
of holes very close together, and then, with a broach or chisel, cutting out the rock 
between them. One drill on a quarry bar (Sec 15) will broach per day: in granite, 
10-20 sq ft; marble, 20-30; limestone, 15-35; sandstone, 20-40 sq ft. Gadder is for 
drilling rows of horiz holes near the quarry floor, or a v^ertical or inclined row in the face. 
One drill has made 350 ft of 2-ft holes in marble in 10 hr. Track channeler is a self- 
propelling machine, traveling back and forth on a 10 to 30-ft section of track, and cutting 
a narrow groove with a single bit, or one or more gangs of bits. See “Compressed Air 
Plant,” Peele, 5th edn, Chap XXII. 

Some channelers cut vertical Krooves, others can be swung at varying angles, or are arranged 
for undercutting. Ingersoll “Broncho” channeler is mounted on 2 parallel bars, resembling a 
quarry bar. Channelers may carry a boiler, 01 bo oper- 
ated by steam or compressed air from an independent 
plant. Ingersoll-Rand Co builds an air-electric channeler, 
similar in operation to their air-elec drill Channelers 
cost $2 500-$4 500 (pre-war) In dimension-stone quar- 
ries (other than granite) they are economic necessi- 
ties, because fully 20% of the stone quarried without 
channeling is lost in subsequent cutting In granite, 
broaching or wedging is usually cheaper Cost of running 
a channeler is about the same as of a steam dull, 2 men 
and 0 5 ton coal per day are required Cost of thannel- 
ING limestone, N Y State Barge Canal, for 16 consec- 
utive months follows: Sullivan Y-8 channelers, costing 
$2 800 each, were used Operating crew per channeler 
0.16 to 0 5 of the time of a foreman @ $4 per day, 1 runner 
% $3.50, 1 fireman @ $2, 1 helper @ $1.76, 1 laborer ® 

$1 60 Cost per sq ft for 126 544 sq ft* labor, 22^, coal, 

2.3ff; water, 0 2^^, repairs, 0 Ifi, mt and deprec, 2 4^, 

Standard or rigid-back channelers cut to depths of 10 
6 to 12 ft; undercutting channelers, 7 ft. Max inclinations of swing-back channeler having boiler 
or reheater, 24°; other types, 28°. The bits do not rotate. In Fig 20: A shows the gang used m 
marble or rooks which chip freely; B, that used for tough rocks which do not chip freely; C, for slate; 

D IS used m both quarry and contract work for sharp, gritty stones; E is the 
sold Z-bit, common in contract work in rough broken atone. 

Ejaoz system of blasting. A number of round holes are drilled, and then 
reamed by hand to the shape shown in Fig 21. In medium sandstone, holes 
should be 10 to 15 ft apart; in limestone, about 4 ft apart. Black powder 
or contractor’s powder will split the rock in the direction of the angles (20). 

Quarrying by compressed air is practiced at Mt Airy, N C, where the 
granite has few joints, and splits readily m almost any direction. A centrally 
hole, 2 to 3 in diam and 6 to 8 ft deep, is sprung with dynamite. Then, repeated charges of 



Fig 21 Knox Sys- 
tem of Blasting 



E 

Fig 20 Channeler Bits 


total, 27 fi (1908-9) 

to 16 ft, swing-back and bar channelers, 



Fig 19 Plug and 
Feathers 


rate of 1 hole in 25 sec. 
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blaok powder, beginning with a handful and gradually increasing in size, start and extend horiz 
cleavage cracks. When the cleavage reaches 75 or 100 ft in all directions, air at 70 lb press is 
admitted through a pipe cemented into the hole. In say 0.5 hr, the cleavage reaches the surface 
250 ft db from the drill hole, and the large flat slab is split into blocks by plugs and feathers. 


Table 22. Rate of Cutting with Sullivan Channelers (from Sullivan bulletins) 


Location 

Kind 

of 

rock 

Sq ft 
cut 

Time 

Location 

Kind 

of 

rock 

Sq ft 
cut 

Time 

Day's XL'ork 

Day's work 

Philipsburg, Que . . 

A 

63 

10 hr 

Pennsylvania . . 

G 

60 

Aver day 

W Rutland, Vt 


100 

10 hr 

Vermont ... 

0 

75 

Aver day 


1 A 

2 509 

Aver mo 

Virgima 

// 

200 

Aver day 

Tennessee . . . 

A 

80 

Aver day 

Virginia 

// 

262 

Aver day 

Vermont . . . 

Georgia . 

A 

A i 

219 

200 

High day 
Aver day 

1 Contract work 

Tennessee 

A 

150 

Good day 

Lockport, 111 . 

C 

210 

Aver 1 0 hr 

Brandon, Vt . . 

B 

1 485 

Aver mo 

Lockport, 111 

C 

382 

High 10 hr 

Brandon, Vt 

B 

1 677 

Aver mo 

Sault Ste Mane 

D 

75-100 

Aver day 

Bloomington, 111 ... 

C 

6 000 

1 0 days 

Keokuk, la 

D 

80 

10 hr 

Batesville, Ark 

D 

130 

Aver d.ay 

Sault Ste Mane , 

E 

70-80 

8 hr 

Carthage, Mo 

D 

137 5 

A ver day 

Sault Ste Mane . . 

I 

60-75 

8 hr 

Amherst, 0 

E 

225 

Day 

New York City 

J 

60-75 

8 hr 

Florida Keys 

F 

750 

Aver 10 hr 

Panama Canal 

K 

120 

8 hr 


A. Marble. B Hard marble. C. Limc-stone. D Hard limestone. E Sandstone. F. Coral 
rock. Q. Slate. H, Soft soapstone. /. Tough sandstone. J, Gneiss. K. Medium broken rock. 


For quarrying a granite dome at Lithoni.a, Ga (34), free from joints and sheeting planes, an arti- 
ficial sheeting plane was necessary. For this, 2 3-in holes about 8 ft deep were drilled close 
together, each charged with a spoonful of black blasting powder, tamped with clay, and fired 
simultaneously. The “rift” being horiz, the light blasts started a horiz fracture from the bottom 
of the holes, which w'cre cleaned out and refared repeatedly with gradually incretising charges, 
never large enough to disturb the stemming Care was taken to avoid making vert cracks, through 
which the compressed air subsequently used would be dissipated. Solar heat is said to assist this 
proce.s8; during the hottest weather the fracture extended without explosives The light blasting 
was continued until the boundary of the horiz fracture roughly formed a circle with a radius of 
100- 180 ft. An iron pipe w.as then set in each hole with sand and melted sulphur, to make an air- 
tight joint. Air at 100 lb was forced through the pipes into the horiz fracture, which widened 
with a rending noise until it reached the surface on the flank of the rock dome, the sheeting plane 
thus formed having an area of 1-2 acres. 

Quarrying broken stone (30, 37). Size of crusher (which depends on character of rock) affects 
size of shovel dipper If the rock can not be easily broken with sledges at the crusher, secondary 
blasting IS necessary before loading on cars; use of a small shovel dipper prevents feeding excessively 
large pieces to crusher. Height of quarry face has some effect on size of shovel, but more on type of 
drilling equipment and mode of working. To prevent injury to shovel, combined working length of 
boom and dipper handle should equal the height of face, which should gener.ally be less than 40 ft for 
any size of shovel, 'riiough high faces are more cheaply drilled and blasted, the stone may break 
too large, with greater cost of secondary blasting 

Quarrying flux for blast furnaces in western Penn (36). The strata are horiz, faces 7-22 ft high. 
Drilling IS done on top and at such distance back from face that large shovels can clean up a blast 
on 1 passage. With higher faces, or smaller shovels, 2 or more passages are necessary. The face 
IS developed w'ith a gradual spiraling, causing highly efiic operation. 

R R shovels on track, with 2 5 to 4-yd dippers, deliver 1 200-1 500 ton a day; smaller sizes 
undesirable. Small shovels on traction wheels may serve for. (a) say, less than 800 ton per day; 
(6) splitting up total tonnage into several units; (c) where a light-weight track is used: (d) w'here 
quarry conditions prevent adoption of spiral faces. 

Transport systems for quarries (30) depend upon relative size of shovel, car and 
crusher, and unit of train movement. For R R typo shovels, the quarry track should bo 
at least 42 in gage; standard gage (4 ft 8.5 in) is preferable, for cars to 15-ton capac. 

High cars are cheaper to load than low, because, when the shovel completes its working stroke, 
the dipper is usually elevated, ready for dumping. Large cars save time in spotting the dipper; 
hence, faster dumping with less spill. Capacity of train unit on 1 movement should equal at least 
20 min nominal shovel duty. A 1 200-ton R R shovel should load a 40-ton train in 10-15 min, 
6-10 mm being allowed for moving shovel, shifting trams, hard digging, etc; 300-ton traction shovel 
requires at least a 10-ton train. 

In many quarries, especially where length of haul is moderate, motor trucks are used from shovel 
to crusher. Advantages over track and car are greater flexibility of operation, elimination of 
track and usually lower cost. Truck bodies vary from 5 to 10 cu yd capac, either side or end dump; 
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penumatic tires are common (Sec 27). Aver transport cost, on 36 trucks, based on 3-yr records in 
four different quarries in N Y, Conn, and No Carolina, m 2 b to bi per ton mile. 

Quarry blasting problems (38). At a sandstone quarry, when the holes were in straight lines» 
the rock broke large, the explosive force being mainly expended m shearing from the face. This 
was largely overcome by staggering the holes (Fig 22). In another case, in very tough rock, boles 
rarely broke to the bottom. Drilling as in Fig 23jmproved the work. In hard hmestone, better 



Fig 22. Staggered Holes to Increase Shattering 
Effect 



Fig 23 Arrangement of Holes for Breaking 
Hard Bottom 


results were obtained by drilling as in Fig 24. The rows farthest from face were made with w^ell 
drills, and charges concentrated near bottom. Two rows in front of these were tripod-drilled and 
charged from a point halfway up to within 5 ft of surface; this greatly reduced secondary blasting. 
At a quarry in hard, stratified hmestone, ordinary methods failed to break rock small enough for 
handling. Fig 25 shows the remedy. Holes in back row were 60 ft deep; in front, 35 ft. The 
deep holes were charged with 150 lb 40% straight dynamite and 40% gelatin; front holes, with 
50 lb of 40% straight dynamite. 

Secondary blasting (39), required when main blast breaks too large for shovel or crusher, is 
done by blockholing or mudcapping (Art 6) ; blockholing is usually the cheaper. Holes are 1 1/8 m, 



Fig 24. Arrangement of Holes to Reduce 
Secondary Blasting 


Fig 25. Arrangement of Holes on High Face 
to Reduce Secondary Blasting 


for 1-in cartridges; with small diam cartridges there is less waste in cutting them for small charges. 
’Mudcapping requires only a few min to prepare, and saves shovel time in waiting for boulders to 
be drilled. Large boulders, which can not be handled by the shovel are rolled and nosed out of the 
way, to be broken later. 

Underground quarries (35) avoid cost of removing deep over-burden, and permit year- 

round operation. When topography is suitable, 
they are opened by tunnels. 

The methods often resemble breast and bench stoping 
for mining flat deposits (see Sec 10, under details of Open 
Stopes, showing bottom headings, suitable for faces 16-24 
ft high; also see bench work for 24-ft faces and over). 
Due to low value of the material, the quarry stratum 
should usually be at least 16 ft thick. Fig 26 shows saw- 
tooth method of slabbing off in horiz strata, leaving pillars 
to support roof; it resembles rill stoping, Sec 10 Sec- 
tional steel (Art 2) has been used in benches 12-24 ft 
high, so that entire bench can be shot at one time. An 
8-ft heading is first out; then, with sectional rods, holes can be drilled to bottom. 
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9. OPEN- CUT ROCK EXCAVATION 

For this work are used many of the methods and machines considered in preceding Articles. 
It resembles some kinds of quarrying, and is similar m nearly all respects to stripping operations 
and open-cut mining, detailed in Sec 10 For machine drills, see Sec 15; churn drilling, for deep- 
hole blasting, Sec 9; for steam shovels, Sec 3 and Sec 5, Art 7 

Side-hill cuts, where rock is wasted directly in front of the excavation, are usually the 
least expensive type of open cut. Ratio of the propulsive effect of black powder to its 
shattering effect is about 8.6, while that of dynamite is about 1 ; hence, it is often desirable 
in side-hill work to use black powder, so that the rock may be thiown as far as possible 
from its bed. 

Side-hill cuts (20) on Watauga and Yadkin Valley R R, N C, were made by blasting rock clear 
of right of way in one operation, about 0 5 cu yd being thrown out per lb of explosiv'e. In a cut of 
8 000 cu yd (95% hard mica schist), 23 holes were drilled in 2 rows; upper holes approx 20 ft deep, 
to 2 ft below grade; lower holes, 16 ft deep, to 6 ft below grade. They were sprung twice, first by 
5-G sticks of dynamite, then by 25 -30 sticks. Experience show'ed that 1 springing, with 10-12 
sticks, would have chambered the holes better Mam charge of 7 925 lb powder broke 7 000 cu yd. 

A small side-hill cut in hard rock, made by hand-drilled holes, 7-11 ft deep, contained 1 300 cu 
yd. Cost, including $126 for removing loose rock after blasting and dressing the face, was (in 1913) 
34 3^ per cu yd. About 320 ft of holes were drilled at about 40fi per ft; 0.24 ft of hole per cu yd 
blasted. Springing required 0.12 lb dynamite per cu yd; mam blast, black powder, 2.3 lb per cu yd. 

Through cuts occur oftenest in canal and R R work. Depth and width of cut, and 
mode of removal, determine the plan of attack. Excavation in through cuts generally 
costs more than in side-hill cuts. 

Excavating rock in open cuts, Grand Trunk Pac R R (20). Cuts, 20 ft wide at bottom, sloped 
3 in to 1 ft. Overbreakage, usually paid for, was 10 to 40%. Rock was granite, trap, and diabase. 
Steam drills used in large cuts, hand drills in small. Hand drills (1-in steel, 1 S/g-m bit) made 
holes as deep as 30 ft. To depths of 6 ft, 2 men struck and 1 held the drill, below 6 ft, all used 
hammens, the drill rotating automatically on the rebound, wages, $2.25 per 10 hr (day’s wwk), or 
45^f per ft, sharpening and nippering furnished 3 men, drilling 10 to 14-ft holes, averaged in dark 
hornblende 29 ft per day, in red granite, 20 ft, and in trap and diabase 18 5 ft. In drilling block 
holes, 1 gang made 49 holes, averaging 15 in each, in 6 days. Drill sharpening for one month, for 5 
gangs w'ho drilled 2 142 ft, cost: blacksmith @ $3.50, $87.50, helper @ $2, $48, nipper $2, 
$48, coal, $12, total, $195.50, or 9(i per ft. Average cost by 5 gangs, each driUiiig 18 ft per day: 
dulling, 37 sharpening, 9(1, total, 46fi per ft. 

Holes to 30 or 35 ft deep were made by 3 25 and 3 5-in steam drills, holes to 25 ft deep, by 3-in 
drills. Starting bits, 3 5 m, finishing bits, about 1.25 in. Cost of running 1 drill per lO-hr day: 
runner, $3 75, helper, $2 25, firenian, $2 50; 0.5 blacksmith, $1.87, 0 5 helper, $1 13, 1 cord wood, 
$2 25, coal, 30|i. repairs and oil, 38 jt, total, $14.43. Aver, 30 ft drilled per day, costing 4Sfi per ft. 
Wlicn 2 drills were run from 1 boiler, cost was about 38^^ per ft 

Chits ovei 25 ft deep were made in 2 lifts In bottom benches, 1 ft of hole and in top benches, 
2 or 3 ft of hole, were chambered. A 26-ft hole, 14 ft from face, was sprung by. (a) 2 sticks 60% 
dynamite, water-tamped, (5) 5 sticks, water-tamped; (c) 12 sticks, water-tamped, (d) 30 sticks, 
eand-tainped, (<) 70 sticks, sand-tamped, total, 119 sticks. Another similar hole, (a) 2 sticks, 
water-tamped, (6) 5 sticks, water-tamped, (c) 12 sticks, w'ater-tamped, (d) 35 sticks, sand-tamped; 
(c) 100 sticks, sand-tamped, total, 154 sticks. First hole was charged with 275 sticks of 40% 
dynamite, second, with 150 sticks of 60% and 175 sticks of 40% dynamite. (1 stick = 0 35 lb.) 
These holes broke 450 cu yd of rock. Cost drilling, 4 8^!; spiinging, 6.3^; blasting, 9 3^*, total, 
20 4(‘ per cu yd Blaster, 37.51^, and powder monkey, 22 5ff per hr. Dynamite, ISfl per lb for 40% 
22ff for 60%;, about 0 4 lb of 40(’(7 being used per cu yd for the mam blasts, and 0.38 lb of 60% for 
springing. About 75 lb black powder equaled 50 Ib 40% dynamite. Cost of excavating 7 024 cu 
yd red granite from a tunnel appioach on same R R was $1,019 per cu yd. 


10. TRENCHING 

Overbreakage. Specifications should name a minimum width of trench, beyond which 
NEAT LINES the Tock rcmovcd shall not be paid for. Depth should also be named. Over- 
breakage m rock sometimes exceeds the specified cross-section by 25 or 30%. 

Depth and spacing of holes. Holes in thin-bedded, horizontally stratified rocks are 
usually drilled 6 in below specified bottom of trench; in thick-bedded, tough limestones, 
about 12 in below; in tough granites and traps, 18 in below. 

For hand drilling in granite, holes are often spaced about 1.5 ft apart. In trenches 2.5 to 3 ft 
wide, rows, 3 ft apart, of 2 holes each, are common. In a trench 6 ft wide in hard trap 3 holes per 
row were drilled, the rows being 3 ft apart. In an 8-ft trench m granite, there were 3 holes per row, 
rows 4 ft apart. In the 6-ft trench named above, about 4.5 ft of hole were drilled per cu yd, the 
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holes going to 1.5 ft below grade. Steam drills made 35 ft of hole per day @ 30ff per ft. Dynan 
2 lb of 40% per hole, or 2.6 lb per cu yd of net excavation. Hence, drilling cost $1.35 and blasi 
40^; total, $2.15 per cu yd. The above 8-ft trench was 12 ft deep, holes drilled to 1 ft below gn 
maHng 2.74 ft of hole per cu yd net. Drills averaged 45 ft in 10 hr; cost per ft, 23 fi. Dynan 
about 4 lb of 40% per hole, or 1.1 lb per cu yd. Drilling cost 63^ and blasting 17^; total, 80^5 
cu yd (pre-war costs). 

Cost of trenching in limestone, St Louis, Mo (20), about 1906. Rock was in horiz strata, 
upper 4 or 5 ft being seamy and rotten, the rest hard and difficult to break. Rock was excavt 
6 in below all pipes of 18-in diam or less, and 9 in below larger pipes. Exct 
tion was paid for to widths 1 ft greater than diam of pipes of less than Ife 
and 15 in greater than the diam of larger pipes. Drill holes were 6 in from j 
of trench, and staggered 4 ft apart in top rock (Fig 27) and 2 5 ft apart in h 
rock. Projections were sledged or shot off. Holes were drilled in 2 lifts, 
holes going halfway through the ledge, bottom holes 0 06 to 0 75 the thicki 
of ledge. Drilling was single-hand, with 1.75-in bits, 10 ft being drilled in 8 
Dynamite, about 4 300 lb (2.25 lb per cu yd). Aver rock broken per 8-hr 
per quarry man, 0.90 cu yd. Overbreakage, about 20%. Cost of earth e: 
vation, 50i per cu yd The cost of the rock work was as in Table 23. 

Table 23. Cost of Trenching in Rock per Cu Yd. St. Louis, 1906 


Fig 27. Arrange- 
ment of Trench 
Holes 


Size of 
pipe, in 

Length of 
pipe, ft 

Aver deptii 
in sohd 
rock, ft 

'tjl 

o 2 

a; 

G 

ea 

s ^ 

£ 

Quarry- 
men @ $3 

§ '«■ 

Total di- 
rect labor 

Black- 
smith, ft 

Dyna- 
mite, ^ 

Total cost, 
breaking 
rock 

Cost of 
removal 

rX O 
o o 

« S 

Grand 

21 

370 

1 

14 

600 

56 

$3 50 

24 

$4 30 

20 

40 

$4 90 

$1 40 

15 

$i 

18 

287 

12 

317 

85 

3 24 

34 

4 43 

20 

40 

5 03 

I 40 

15 

( 

18 

314 

13 

380 

84 

2 76 

44 

4 04 

20 

40 

4 64 

1 40 

15 

t 

15 

222 

11 

206 

87 

3 13 

39 

4 39 

20 

40 

4 99 

1 40 

15 

( 

15 

251 

8 

180 

89 

2 15 

66 

3 70 

20 

40 

4 30 

1 40 

15 

C 

Aver 


11 9 


74 

3 10 

36 

4 20 

20 

40 

4 80 

1 40 1 

15 

( 


Special carriages, for carrying a boiler, and a drill mounted on a bar, were used in sev 
at Havana, Cuba. Wt per outht, 6 000 lb; drills were Sullivan, 3 25-in. Rock vai 
from very soft to flint-hke hardness. Time studies of 4 machines dulling 40 holes t* 
drilled, 366 ft; aver depth of hole, 9.16 ft; aver drilling time, 26.4 inin per hole =* 2.9 i 
per ft; changing steel, 1.4 miii per ft; moving dull on bar, 0.6 min pci ft; moving mad 
from hole to hole, 1.0 min per ft; total time, 2 231 min; average per ft, 6.1 mm (20, 


11. SUBAQUEOUS EXCAVATION 

Methods employed are: exploding dynamite on the rock surface, uiiwatcring the r 
by cofferdams or caissons, and drilling from platforms or scows. This work is a branc 
Civil Engineering, to books on which the reader is lef cried (12, 20). 
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TUNNELING 


Introduction. The following discussion deals with tunnels or adits of small cross-sec- 
tion and larger tunnels in which the entire area is excavated in one operation, in contrast to 
the tunnels where an advance or pilot heading is driven fiist and enlarged later to full sec- 
tion. It includes, however, tunnels driven by the heading and bench method, wherein a top 
heading is carried only a round or two in advance of the bench. For methods of enlarging, 
timbering and lining railroad tunnels, see the works of Drinker, Prelini (27), Stauffer (28), 
Lauchli (29), publications of the mining and civil engineering societies and the technical 
press. “Rock Tunnel Methods” (30) contains summaries of data from “The Explosive 
Engineer” and illustrations of methods employed in R R tunnels, also data on mine and 
other tunnels of small cross-sec. Additional data on tunnels and drifts diiven in immediate 
connection with mine development will be found in Sec 10, where full details of procedure 
alid costs are given. 


1. REPRESENTATIVE TUNNELS 

Tables 1 to 3 contain data on 28 tunnels, from various sources as noted. Tables 1 to 7 
present summaries of data on different phases of tunneling operations. 

It may be lemarked that many of the examples given are of tunnels for purposes other 
than mining. Within the past decade, comparatively few important mine tunnels have 
been driven. 


2. ORGANIZATION OF WORK 

Organization of work in tunnel driving depends chiefly on rate of advance required, size 
of cross-section, power and equipment available, and magnitude of project; m some cases, 
especially in the last few years, laws governing hours of work ai e a factor. For each tunnel 
job there is an appiox rate of advance foi max economy, dejicnding on whethei there are 
penalties for finishing aftei, and bonuses for finishing befoie, a given date; whether prompt 
completion will effect savings in total operating costs of the mine oi other project to bo 
served; overhead costs, and other similar considerations. Rapid advance reqiiiies a high 
degree of organization; piecision in performing the several opeiations in the woik cycle; 
equipment to piovide adequate ventilation for continuous work at the face, and often other 
special equipment not essential in slower woik. A break-down at any point in the woik 
cycle IS apt to disorganize the entire job and increase costs. Up to a certain rate, which 
varies with conditions, rapid driving obviously results in spreading supervision and fixed 
charges over a greater footage, thus reducing cost per ft; but (jonstant pressui e to attain max 
speed involves saciifice of nunieious small economies otherwise possible, and tends to in- 
crease the dnect cost per ft. 

One shift of drilling and blasting, with mucking and tramming on the opposite shift, 
constitutes the simplest oigamzation. With the latest drilling e(juipment and enough 
machines at the face, almost any round can easily be completed in an 8-hr shift In a tunnel 
of large section, a lound of deep holes may bieak more muck than can he hand-shoveled in 
one shift, whereas modern power loaders will clean up as large a round as can be pulled. 
Thus the organization of the mucking shift will depend on whethei loading is by hand or 
machine. If by hand, the mucking shift may have to woik overtime, or two mucking shifts 
may be needed, obviously increasing the speed of driving. Some advantages and disad- 
vantages of one-shift operation under ordinary conditions follow. Advantages- 1. Dull- 
ing and mucking are done on sepaiate shifts, the heading is clear when the diill-.shift comes 
on, so that the machines can be set up at once for the next round. Runners and helpeis 
therefore waste no time in mucking, preparatory to mounting the drills, an impoitant 
point when columns are used, because, for setting up, the debris must be cleared down to the 
floor. 2. During drilling, runners and helpers are not hampered by the muckers, avoiding 
the waste of time due to both crews working together. 3. Starting promptly, the round 
can usually be completed within the allotted time. But, in any case, sufficient extra time 
is available without delaying the following shift. 4. Drilling and mucking shifts can l :>0 
arranged to avoid loss of time in waiting for smoke to clear away; a serious consideration 
where ventilation is poor. Disadvantages- 1. Since daily progress is limited by the 
advance from a single round the total speed is slower. As most tunnels are useless until 
completed, if work is not pushed the capital invested in equipment is tied up too long, 
whence the charge for interest and depreciation is increased. 2. Realization of benefits 
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Table 1. Tunnel Data 
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Table 2. Tunnel Data — CorUintted 
Numbers in left-hand column refer to tunnels so numbered in Table 1 
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Table 3. Tunnel Data — Continued 
Numbers in left-hand column refer to tunnels so numbered in Table 1 


No 

Explosive 

Ventilation 

Ft advance per month 

Coat of 
excavation 
per ft 

Strength, % 

Lb per ft 

Method 

Pipe diam, in 

Aver 

Max 

1 

40 and 60 

115-120 

Ex-Bl 

24 

450 


$190 00 it) 

2 

40 


Ex 

22 



25 83 (u) 

3 

60 and 40 

29 

Ex-Bl 

14 


630 

23 76 

4 

60 


fan Ex 

1 0 and 1 2 

icio 


20 00 

5 

60 

31 

Ex-Bl 

20 

620-952 

1 157 


6 

60 


Bl 


375± 



7 

40 

14 5 

comp air 
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12 02 

8 

40 


Ex-Bl 
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46 OOzb(p) 

9 



f fan Ex 1 


924 («;) 






1 comp air * 




10 




1 

480 zb 
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11 

60 
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20 
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24 01 (x) 

12 
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60 

31 

PBl-Ex 

16 

413 


39 54 

15 

40 and 60 

24 

fan Ex 

10 

301 


20 77 

16 

40 and 60 

22 7 

Bl 

12 

1 158 



17 

40 and 60 

17 4 

PBl 

12 

550 ± 



18 

40 and 60 

17 3 

PBl-Ex 

18 

244 


28 80 iy) 

18a 

40 and 100 




281 


11 44 

19 

40 

22 7 

PBl-Ex 

16 

714 


21 36 

20 

40 

18 6 

PBl-Ex 

15 

843 1 



2t 

60 and 100 

25 0 

PBl-Ex 

15-17 

285 * 


27 27 

22 

60 

34 

fan Ex 

15 

544 


31 08 

23 

40 and 60 

16 

PBl-Ex 

16 

250 


25-30 

24 

40 


PBl-Ex 

14 

300 


26 70 

25 

40 and 60 


PBl 


524 (r) 



26 

40 and 60 


fan Ex 

12 

250 


15 00 

27 

60 

28 

PBl 


520 



28 

25 and 30 

20 

PBl 

15 

f 408* 

1 569t 




Bl, hlowiiiK, Ex, exhaiiatmu. Ex-lil, exhaust, then blow, PBl, pressure blower, it) 21 X 21-ft 
tunnel, cost includes heavy expense for road construction and other preparatory work, (w), includes 
proportion of construction and equipment costs and other capital cnarRea, (u), dry sections, exca- 
vaUon only, (to) one month only, (x) bsused on £1 == $4 65, in) cost of 2 759.5 ft for year ended 
Aug 31, 1900, iz) portal heading. * West portal, f East portal. 

to be derived from the tunnel is delayed. In case of a drainage adit the extraction of ore 
below water level is delayed; or, if the adit is intended to lower the cost of underground 
transpxirt, loss on the added tonnage handled in the old way should be charged against 
the slower driving of the tunnel. With an irrigation tunnel, an entire season’s crops may 
be lost because of the increased time required by the one-shift system. 3. Overhead 
charges are operative duiiiig full period of construction; these charges per ft of tunnel are 
smallest when the max number of hours per day are employed in dri\ing. Finally, although 
one-shift work is cheaper in wages, this may be offset by losses due to delay in completing 
the tunnel. 

Two shifts will obviously make faster progress than one shift, the direct cost per ft being 
the same or more or less, depending upon orgamzation and equipment. With hand mucking 
it is usually necessary to work the drilling and mucking crews simultaneously, although 
there is advantage in having the muckers start an hour or so before the drilleis in order to 
make room for the latter to work over the muck pile. In this system, drills are usually 
mounted on a horiz bar set over the muck pile, and the top and breast holes ai e drilled first 
while the muckers are removing the rock beneath. With vert column mounting, the shift 
first mucks hack from the face to make room for the set-up. A disadvantage of the horiz bar 
and drilling over the muck pile is the chance of drilling into a missed hole with a vert col- 
umn set-up; time is lost unless the muckers come on ahead of the drillers; in either case, 
working the two crews together usually results in congestion at the face and loss of effi- 
ciency. With mechanical loading the work is usually planned for a clean set-up of the 
machines for each round, unless two complete cycles per shift are desired, when it may be 
necessary to use a horiz bar set-up. The machines may be mounted on horiz bars, vert col- 
umns, or drill carriage, and enough machines are employed to drill a deep round and shoot 
in 4 to 5 hrs or less. Mucking can usually be completed m 2 to 3 hrs, leaving a clean set-up 
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for the next shift. The mucking time varies but little with size of tunnel section, providing 
the mucking machine capacity is sufficient. In some tunnels two complete cycles are com- 
pleted in a shift using mechanical loaders, horiz-bar drill mountings over the muck pile, or 
a drill carriage, with adequate ventilation for removing blasting fumes, and facilities for 
quickly changing cars at the face. Where two cycles are completed per shift, separate 
mucking-machine and loading crews are sometimes employed, each of which works two 
high-pressure periods, with an intervening rest period partly devoted to overhauling gear 
and equipment, sorting steel, preparing for blasting, etc. For one complete cycle a single 
crew will usually suffice, the drillers operating the mucking machine after blasting. 

Three shift organization is similar to that for two shifts, except that each crew must 
usually be composed of men capable of taking up the work at any point in the cycle where 
the previous crew leaves off. Unlike 2-shift orgamzation, if delays occur theie is no time 
between shifts to complete unfinished work. 


Table 4. Typical Time Cycles in Representative Tunnels 
Numbers in left-hand column refer to tunnels so numbered in Tables 1-3, which show 
number, type and mounting of drills, and mucking method 




Bib 

No 

Aver ft of 


Time cycle 


No 

Name 

hole per 
round 

Drill 
imn (a) 

Blast 
min (t») 

Muck 
nun (c) 

Total 
hr : mm 

2 

Britannia 

2 

2I5± 

140 

47 

150 

5 : 37 

3 

B C Nickel 

3 

290 ± 

390 

120 

210 

8 : 00 id) 

5 

Cascade Pioneer . 

4 

234 

105 

38 

130 

4 : 33 

ie) 

Copper Basin. 

7 

493 ± 

174 

60 

288 

8 : 42 

9 

Eureka . ... 

8 

202 

140 

40 

105 

4 : 45 

11 

Halkyn 

10 

234 

138 (/) 


ig) 



Halkyn (h) , ... 

10 

360 ± 

186 

69 

80 

5 ; 35 

14 

Laramie-Poudre 

13 


286-403 

38-45 

(t) 

5 . 24-7 • 28 

15 

Mammoth 

14 

130 

540-585 

62-95 

390 

J 2-f rounds 
1 in 3 shifts 

16 

Moffat No 5 

15 

234 

121 

59 

116 

4 : 56 

17 ! 

New Haven 

16 

312 

360 

0) 

300 

(^•) 

19 

Ojuela. . 

18 

208 

140 

47 

150 

5 : 37 

20 

Owyhee No 5 

19 

172 

no 

40 

78 

3 : 48 

22 

Sheep Creek 

21 

140 

254 

23 

245 (i) 

4 : 37 

(0 

Burra Burra crosscut. . 

34 

j 230 rfc (m) ] 

1 I90d: in) f 

120 

60 

120 

5 : 00 

25 

United Verde Ext 

24 

270-300 

0) 

90 

8 : 00 

(P) 

Montreal crosscut 

33 

(q) 

320 

75 

223 

11-15 (r) 


(a) includes barring down, setting up, drilling, tearing down, {f>) includeH blowing holes, load- 
ing, bring, blowing smoke, (c) includes moving in, mucking, mo\ing oot, (d) mucking duiing drill- 
ing; (e) 3 shifts, 5 drills jumbo-mounted, elec shovel, (/) aver with 6 5-ft rounds, in) 37 ton per 
hr; (h) aver one month when 1 086 ft weie driven, pulling 9 3-ft rounds, 3 drills, (t) during drilling, 
0) included with drilling, (^) 2 rounds per day, (1) 2 shifts, 2 drills, \ert column mounting, elec 
scraper; (rn) portal heading, (n) station heading, (p) 3 shifts, 6 drills carnage-mounted, scraper , 
(a) 32 holes, 6 l-£t round, (r) track laying, lunch and delays, o7 mm. 

3. SURFACE PLANT 

Aside from requirements for office, camp buildings, and power plant or transformer sta- 
tions, which vary widely with size and location of job, and time reiiuired for its completion, 
the usual surface plant comprises air compressors, bit sharpencis (or detachable-bit grind- 
ers), heating furnaces, blacksrnithing equipment, explosives magazine, ventilating fans or 
blowers, and car-dumping facilities. In some cases, a small machine and electrical shop may 
also be required for making repiairs to cars, track switches, loading and haulage equipment; 
but where the tunnel is driven at an established mine, most or all of these facilities may be 
already available. 


4. DRILLING EQUIPMENT 

Drills and accessories. The old piston-drill has been superseded by faster drilling 
hammer-type machines. The use of hollow drill steel and wet drilling has become almost 
universal, and with growing understanding of the danger to health from dusty air, wet drill- 
ing is advocated under all conditions Mounted drifters with 3, 3 i/ 2 , or 4-in pistons are 
commonly employed, the size depending to some extent upon hardness of rock and depth of 
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holes. Mounted Jackhammers of smaller piston diam are sometimes used in soft, easily) 
drilled ground, and hand-held drills for vert holes in benches, where the heading-and-bench 
system is employed. Air pressures of 90 to 100 lb. are usual. Recently, standard makes ol 
automatic-feed drills have come on the market and have found favor in numerous large 
tunnels. They are of two general types, those that feed by vibration of the machine and 
those with pneumatic feed. Accessories comprise rubber air and water hose, line oilers, 
manifolds for connecting hose from several drills to the mains, and drill mountings. 

Drill Mountings comprise horiz bars and clamps, or vert columns with arms and clamps, 
or drill carriages. If drilling and mucking are carried on simultaneously, the horiz bar is 
preferable, since it can be set up over the muck-pile as soon as the back has been trimmed of 
loose rock and made safe. With vert columns, some muck must be shoveled back from the 
face before the set-up can be made, involving loss of time and rehandling of part of the 
muck by hand. Vert set-up behind a muck-pile interferes with efficient drilling; water 
from the drills dams up behind the muck and the hose must be carried over the pile and 
down to the drills. IIoi iz bar is sometimes preferred to carriage mounting, because muckerg 
and drillers can work simultaneously. 




In the east portal of the Cascade tunnel, the superintendent was satisfied that he could mak 
better time with a bar than with a carnage (4). 0 .> hr was allowed after blasting to clear the head 

ing, and 20 mm were reqvuicd to bar loovse rock, during which time the bar, 4 drills and 160 steel 
were brought up and some mucking was done where dirt lay against the face Finally the set-up wa 
made, the entire preparations requiring about l.o hr Drillers stood on the muck pile. Muckin 
started with the "fly rock" and proceeded to the face "By the time the shovel loader is close up an* 
ready to dig into the last of the pile, the drillers have finished all but 5 or 7 bottom holes. . . . W 
manage to pick up a round in the course of 4S hr by this work cycle. We count on 3 rounds a day an* 
try to make or save enough time to gain an extra round every 2 days." While it is probable tha 
extra speed can be gained with a bar, it is questionable whether as good direct costs can be secured a 
with a carriage. 
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Drill carriage or “Jumbo” has gained favor in recent years, but its use is limited to clean 
set-ups where it can be run right to the face. It usually runs on the tunnel track, but may 
be mounted on a caterpillar crawler. It is variously designed and constructed, but consists 
essentially of the carriage proper upon which are mounted the columns, bars, arms and 
drills, with individual air and water hoses attached. Manifolds and line oilers may be 
mounted on the carriage (Fig 1) or carried on a tender (Fig 2) . The manifolds are connected 
to the mains by large hose. Drill steel is carried on the carriage or on a tender as the case 
may be. The tender in Fig 2 was used in the Ojuela tunnel (19) and in addition to carrying 
steel, air and water manifolds and a tool box, was equipped with a Coppus blower. Drill 
carriages permit a quick set-up, as the mounted machines, equipped for drilling, are run to 
the face with drill steel sorted and conveniently racked. When drilling is finished, the 
equipment is readily and quickly removed. 

DrUl steel. In American tunnels, hollow, 1 1/4-in round, lugged-shank steel is com- 
monly employed for 3 1/2 or 4-m drifter drills; 1-in quarter-octagon or ^/g-m o(;tagon steel 
is often used with lighter machines in easy drilling ground, or for vei t down holes m benches. 
Machines with anvil-block chucks and plain shanks without lugs are seldom used in the 
U S, but are standaid in many Canadian mines. Steels are commonly made up in lengths 
for 24-in changes; sometimes for 18, 20, 30-in changes, with corresponding gage changes 
of l/8> ^/l6. or 1/4-m. Here the standard U S practice of using a starter of 2 1/2 or 2 8/4-111 
or even 3-in gage might be improved, for it has been found in some mines that deep holes 
can be drilled in hard, abrasive ground, with 1 S/g or 1 8/4-in starters and l/ie to 3/32-in gage 
changes for a 24-in run, by exercising proper care in forming, gaging and heat treatment of 
the steel. Drilling speed increases rapidly with decrease in size of hole, and with corre- 
sponding decreases in steel loss, air consumption and time required to complete the round. 
A cross bit with full reaming edges (that is, having all 12 points in the same ciiciimference) 
has been successful; gage loss is usually less, whence gage changes and bit size can be 
smaller to finish with same diam of hole. Detachable bits have come into favor in recent 
years. For tunnel work their chief advantages are. perfect forming of each bit, uniformity 
of gage and uniform results of heat treatment, which are attainaVile m the factory to a 
degree rarely possible on any but large tunnel jobs, where the best equipment and expert 
steel sharpeners can be had. Capital investment for regnnding bits is considerably less 
than for sharpening equipment and the amount of money tied up in steel is less. 


6. DRILLING 

Tunnels of the sizes under consideration are driven by carrying forward the full cioss- 
section, or by heading and bench. In most long tunnels, di ill rounds are fairly well stand- 
ardized for each job, although ground conditions sometimes change so frequently and 
abruptly that standardization is impossible. The piinciple uiKin which standard rounds 
are based is the drilling of cut-holes, which, when blasted, will break out a wedge of rock, 
thus providing free faces to which relief and square-up holes will break, being timed to go 
slightly later. It is axiomatic that if the cut-holes fail to break to bottom, the others will 
also fail to do so and a short round will result. 

Principal types of rounds are: The V or wedge-cut (Fig 3), pyramid-cut (Fig 4), 
which puUs a pyramid or cone-shaped block in the center of the face; the Michigan 
OR “BtiRNT”-cuT (Fig 5) which pulls a cylindrical core in the center; and the “swing” 
OR SLABBING-CUT (Fig G) . In the draw-cut, a variation of the w’edge cut, holes are 
drilled at a steep angle to pull wedge W, Fig 7. The cut holes may be drilled steeiily 
downward, as in Fig 7, to form a bottom-draw or “toe ’’-cut, or tow'ard one side to foim 
a side-draw cut. The bottom draw-cut is used in nariow headings, with insufficient 
room to swing the drill at the angle required for a regular V- or pyramid-cut. The 
burnt-cut is used for tough, tight ground, and is especially applicable to small headings, 
where there is not room to swing the machines for drilling conventional cut holes. The 
two center holes (marked black in Fig 5) are drilled normal to the face, and are not 
loaded; they merely form lines of weakness for the surrounding cut holes to break to 
and some space for the rock to expand into. The slabbing-round (Fig 6), as used in an 
8 by 12-ft heading, consists of 28 holes in 4 rows of 7 holes each, one above the other; 3 or 
4 holes of each row at the right can be drilled from a single column set-up by using a long 
arm. The 4 shortest holes (4 1/2 ft) are blasted first, followed in succession by the 5 1/2 anil 
6 t/2-ft holes, etc, each tier breaking in turn to the free face provided by the breaking of the 
preceding tier. The pyramid-cut ordinarily comprises from 3 to 6 holes, although 4 holes 
will break in most ground. Fig 8 shows a double pyramid-cut in the Ojuela tunnel for 
pulling a long round; 4 short holes, 14-12 and 27-28, are blasted first, pulling a shallow 
pyramid or cone, followed by the long cuts 15-16 and 19-22, and then for enlarging the 
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opening, the two relief holes 13-11. In the diagram the circled numbers indicate order of 
firing, and boxed figures the number of cartridges of 40% gelatin dynamite used in average 
limestone rock. All holes were spaced so that after the cut had been fired no charge carried 



Fik 3 V-cut Round In trap rook, this round 
pioved effective with 12-1 1 cai tridwes of GO' o 
gelatin dynamite in each cut hole Fiom 10 
to 12 cartridges of GO' o special dynamite in 
other holes completes the charge Ad\anoo by 
each round aveiaged 11-13 ft, using 13-ft 
holes Figures in diagram indicate otdei of 
firing electric blasting caps In easier ground, 
as sandstone, 2 easers and 2 side holes are not 
used, the 60' o special dynamite also is re- 
placed by 40 ',0 special dynamite 



Fig 4. Pyramid-cut Round. Drill round used in 
(’olorado Ri\er and in Copper Basin No 1 tunnels 
was built around a pyramid cut, using 11 5-ft 
holes Circled ligures indicate cartridges of 1 Vi 
by S-in, 40% or 60% ammonia gelatin, and un- 
circled figures, the firing order This typical 
round could be easily modified to conform to 
changing conditions. 



Fig 5 Michigan or “ Burnt ’’-cut Round (For 
explanation of numerals at each hole, see note 
under Fig 4) 



more than 2.5 ft of burden. Each top machine on the carriage drilled 8 holes from two set* 
tings; each bottom machine, 6 holes. Fig 9 shows a heading-and-bench round, with a 
vert V-cut in the heading and flat lift»r holes in the bench, while Fig 10 shows one with a 
J — 7 
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vert V-cut in the heading and nearly vert “plugger” holes in the bench. The total num 
ber of cut, relief and square-up holes required for any type of round obviously varies wit] 
toughness of rock, the position, number, and direction of fracture or bedding planes, an( 
with size of heading. With V- and pyramid-cuts, the cut holes should be drilled to connec 
at bottom, especially if blasting with fuse and cap. It is virtually impossible to cut fuse s 
that the several charges will explode simultaneously, but if the holes connect or aie ver. 
close together the first charge to go will detonate the others. 



Rotation of filing holes (leslgnatcd by 
nunibeis shown at collai of holes 


Fig 7. Draw-cut Round 



Fig 8. Double Pyramid-cut Round (Ojuela Tunnel) 

Drilling speed varies between wide limits, depending on “drillability” of rock, size ( 
drill piston, air press, diam and depth of holes, amount and press of drilling water (affectiii 
the rapidity of removal of cuttings), and sharpness of bits. Drillability of rock, while large) 
a function of hardness or abrasiveness and toughness, may sometimes be influenced nioi 
by fracture and bedding planes, stickiness of drill cuttings and presence or absence of vug 
that is, by homogeneity or its lack. Table 6 gives typical data on drilling speeds in a nun 
ber of tunnels. 




Table 5. Typical Drilling Speeds in Tunnels 
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Big Creek . 

Britannia - - , 

Cascade Pioneer . . 
Colorado River 

Copper Basin 

Eureka .... 

Halkyn 

Kerber Creek (Raw ley} 
Laraime-Poudre . . . 
Mammoth 

Moffat No 5 

New Haven , . 

Newhouse . . 

C)juela , . 

Owyhee No 5 . 

Sheep Creek 

Snake Creek 

S rawberry 





\\ Bench // i 

' /? V 

— JL 



I Bench V 
!> 




Fig 10. Heading-and-beach Round, using Down-holes in Bench. (Numbers indicate order of firing 


6. CHARGING AND BLASTING 

Charging. Rules prescribed for transport, handling, and use of exi^losivcs should b 
observed, and primers prepared as recommended by the explosives manufacturers. Th 
approved methods of inserting the detonator in the caitndgo (Sec 4) msuie against it 
being accidentally pulled out when charging and prevent kinking the fuze and conseqiien 
breaks in the powder tram, or abiasion of the insulation on leg wires. The detoiiato 
should he in the axis of the cartridge and be pointed in the direction of hulk of charge 
Before charging, holes are blown clean with compressed air. The cartridges are the 
pushed in, one at a time, and pressed firmly with a wooden tamping bar. To insure fillin 
the entire area of the liole, the cartridges are often slit, so that the explosive will be pressc 
out against the walls of the hole. Care should be used to avoid breaking the fuse o 
damaging leg wires. Explosive manufacturers usually advocate placing the primer las 
(on top of charge), or next to last in the hole. There is no accepted rule that gives bee 
results under all conditions. Thus in tunnel work, if the primers are near the top, th 
cut holes, which go first, may cut off the primers in one or more relief or square-up holes 
especially in seamy or schistose ground. If the primers are at or near the bottom, a cul 
off hole will throw unexploded dynamite into the the muck pile. Table 6 gives data froi 
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a number of tunnels and indicates in each case the preference as to the primer position. 
Fuse or leg-wires are brought out along one side of the hole, pulled straight but not tight, 
and the rest of the hole filled with stemming (tamping). Though sometimes omitted, 
stemming is advocated by all makers of explosives; it increases the work done, and by 
confining the explosive causes more complete detonation and less fume. Paper tamping 
bags different in color fiom the explosive cartridges are in general use and are convenient 
They are preferably filled with dry sand, fine rock screenings, oi clay (see vSec 4). 

Order of firing, with fuse blasting, is controlled by cutting fuse in diffeient lengths, and 
to some extent by the order of “spitting”; with bunch blasting the order of filing is deter- 
mined by the length of fuse only, since all fuses are spit at almost the same instant. Elec- 
tric detonators are especially effective for cut holes, by insuring simultaneous detonation 
of all the charges even though the bottoms of the holes do not connect, a result vii tually 
impossible with fuse. Order of firing is usually: (1) cuts, (2) relievers, (3) bieast, side and 
top square-ups, and (4) lifters. The lifters go last to throw the muck away from the face 
(Fig 3 to 10). 

Fuse vs electric blasting. Elec detonators for tunnel rounds are now generally pie- 
ferred, and are advocated by the Bur of Mines for safety. With delay detonators, one clos- 
ing of the firing switch causes the holes to go in proper rotation, and since there aie no men 
at the face when firing, the danger (with fuse) of overstaying the safe time limit is avoided. 
However, modern fuse is almost uniform in rate of burning, and the use of igniters or 
“spitter” fuses to give warning has greatly reduced this danger. Some operators consider 
fuse safer than electric blasting, contending that danger fiom stray cuii exits is greater than 
the hazards with fuse. “Bunch blasting” (32), as developed by the Anaconda Copper 
Mining Co, might be applied to tunnel work with good results as to both timing and safety. 
In wet tunnels good waterproofing of both fuse (or wiies) and caps is essential. Ileie, 
electric blasting has a decided advantage, because of the difficulty of keeping fuse ends dry 
Burning fuse adds to the smoke, which must be cleared before recharging cut holes (if that 
be necessary), or preparing the remaining holes. Also, if fuse “side-spits,” due to imperfec- 
tions or abrasion of the tape while loading, the charges will explode by ignition instead of by 
detonation, reducing effectiveness and increasing the quantity of noxious fume (see Sec 4). 

Firing. When blasting with fuse, there should be at least two men at the face and pre- 
cautions taken against leaving them m the dark. After all holes are charged, fuses are 
cut to the lengths for proper older of firing, and their ends slit to expose a short tram of 
powder for lighting. Carbide lamps aie often used for lighting, but may be blown out by 
the “spit” of a fuse. Igniters, now on the market, or notched “spitter fuses” (iSec 4) are 
better, and are advantageous m warning the miner when his safe time is uj). For success- 
ful electric firing care must be taken in connecting leg wires together and to the leads; 
wires should be twisted together, not merely looped oi hooked. Bare connections must be 
protected against short-circuiting, especially under wet or damp conditions, by being raised 
off the ground and pi'eferably taped. With a blasting machine, the holes must be con- 
nected in senes, but either senes or parallel connection may be used when filing from a 
lighting or power circuit. Foi a blasting machine, leg wires should be connectorl fiist, then 
coimections made to the lead wires, and lastly, after everyone has retired from the face, the 
lead wires are connected to the machine. With power-circuit firing, connections are made 
in the same order, but a locked safety firing switch should be used, so that the power con- 
nection can not be made until the box is unlocked and opened. As an additional prec au- 
tion, a second switch, kept open until ready to blast, may be placed across the leads be- 
tween firing switch and face, well back from the latter. The chief precautions in electiic 
firing are to keep the detonators short-circuited until the moment of connecting them to the 
blasting circuit and to keep the lead wires short-circuited until they are connected to the 
source of current. In some ground it is necessary to load and blast the cut hc^es, then 
return to the face and, if they have not broken to bottom, reload them and other holes, and 
blast a second time. Although this involves waiting for smoke from the fii st blast to clear, 
with loss of time if ventilation is poor, it may save time in the long run when the ground le 
such that the cuts fail to bottom up. 

Misfires result in lost or short rounds, loss of time for refiring, and hazaids in drilling 
and mucking. Unexploded powder in the bottom of a hole may be drilled into or, if in the 
muck pile, may be struck with a pick and exploded. After every round, missed holes and 
unexploded powder must be looked for. Various methods are advocated for dealing with 
missed holes. If elec firing has been used the lead wires should be disconnected from tht 
source of power, short-circuited and wound back out of the way. With fuse, men shoulc 
not return to the face for at least one half hr, preferably longer. Having uncovered th< 
missed hole, many prefer to remove the stemming (a method condemned by the Bureau o 
Mines), exposing the top cartridge and then rehlast with a fresh primer. If the stemming ii 
picked out, great care is necessary and no metal tools are permissible. It is safer to blov 
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out the stemming with compressed air, or wash it out with water. A still safer, but more 
time-consuming method, is to drill and blast a parallel hole close enough to detonate the 
missed hole, taking care not to drill into the latter. 

7. MUCKING EQUIPMENT 

Hand mucking requires no special comment. Some hand work is necessary even with 
mechanical loading, for cleaning up, handling fly rock, and, where drilling and mucking go 
on simultaneously, shoveling back from the set-up. Mechanical loading depends for its 
success upon continuous operation during the mucking period. Mechamcal loaders are of 
2 kinds, diag scrapeis and shoveling machines. See Sec 27 for details. 

Scrapers. Scraping equipment for tuimel headings comprises a double-drum elec or 
comp-air hoist, mounted on a movable slide; a sciaper of the hoe, semi-hoe, or box type; 
pull and tail ropes; tail sheaves, and a sciaper slide, or ramp. The latter is mobile and is 
usually on trucks running on the mine track, but can be mounted on a caterpillar crawler. 
Fig 11 shows a common type of slide with hoist mounted on top. For low headings, the 
slide may be built with the hoist mounted undeineath the ramp. The loading boom 
extends back over the car and has an opening in the Ixittom through which the rock falls. 
Fig 12 shows a loading unit used at the Montreal mine, Wis (33). The slide and boom are 
mounted on 2 largo cars, coupled to a locomotive tender on which is mounted the slusher 
hoist. When the cars are filled, the entire unit moves under its own power to the dump. 
The use of 2 laige cars, together holding 380 cu ft, minimizes loading delays due to waiting 
for cars. The usual types of scrapers, many of which are suited to tunnel work, are illus- 
trated and described in Sec 27. Their advantages are: flexibility, low first cost, and small 
power consumption (especially if the hoist is elec driven). Aside from labor, rope renewals 
are the largest single item of expense. Scrapeis usually show no direct cost saving over 
hand loading in tunnels of less than 7 by 7 or 8 by 8-ft cross-sec. 

Shovel loaders in a number of successful types aie on the market, ranging from low 
machines suited to tunnels of moderate height, to converted power-shovels, like those for 
surface excavation. They are usually mounted on wheeled trucks and run on the tunnel 
tiack, but may be mounted on crawlers. Among these, the Conway shovel (Sec 27), 
which requires little headtoom, is especially suited to mine tunnels of large cross-sec. A 
machine ot this type requires tractive effort to force the dipper into the muck pile, and the 
dipper loads onto a shoi t conveyer extending back over the car. For smaller headings, small 
shovel-type loadeis are popular; that shown in Fig 13 uses traction to force the dipper 
into the pile; it is close-coupled to a mine car, into which the dipper discharges. For head- 
ings larger than about 9 or 10 by 12 ft, the laiger loaders compete with scraper and slide. 

8. MUCKING OPERATIONS 

Hand shoveling. With modern high-speed dulls, rounds can be completed in less time 
than they can be mucked by hand, hence, the depth of round that can be pulled econ- 
omically is often limited by the late at which muck can be removed. In S-shift work, 
mucking must be finished when the di lUers are ready to lower the bar for drilling the lifters, 
else they may be unable to complete the round bv the end of the shift. Whth 2 shifts, drill- 
ing and mucking on both, there is some leeway and the muckers can start an hour or two 
before the diillers. But, if the rounds aie too deep, more than 1 shift may be needed for 
mucking, involving overtime and increasing cost. With hand-mucking, shallow rounds 
are often found to give max rate of advance. Thus, at the Kei ber Creek (Rawley) Tunnel 
(12), max progress with two S-hr shifts, dulling S-ft rounds, was 414 ft in a month, or 15.5 
ft per day. In good dulling ground 2 rounds of 4.5 to 5 5 ft could be made in 1 shift, giv- 
ing an advance of 18 to 22 ft per day. “Mucking by this method would be much facili- 
tated, because fully 25% more could be landed on the muck-plates, and, if necessary, a 
thud shift of muckers could be used." The number of muckers that can work around a 
car IS limited; if too many, they interfere with one another. Analyses at a number of tun- 
nels show that a shoveler requires a 2^ /2 to 3-ft width of floor space, so that in a 10-ft tunnel 
there should not be more than 4 shovelers; in a 6-ft tunnel, only 2 shovelers. For speed 
work, extra muckeis may be required to relieve one another. Their time need not be lost, 
since, when not actually shoveling, they can switch and handle cars, pick down the muck 
pile, etc, the change in working position affording physical relief. 

In the Laramie-Poudre tunnel (13), 6 muckers worked as follows: 

When car 1 was tilled, 2 shovelers (A and 11) took it to the rear, while 2 others (C, D) took empty 
car 2, previously thrown on its side off the track, set it on the track and pushed it into position for 
loading. Meantime the remaining men (E, F) stopped picking down the rock pile, took the shovels 
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Fig 11. Scraper-slide Mucking Machine and 120-cu ft (6-ton) Side-dump Mucking Car, Britannia Mine 
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left by A and B and assisted C and D in filling car 2. Car 3 was then brought up by A and B close 
to where oar 2 was being filled, and was thrown on its side in the position formerly occupied by car 2. 
A and B then picked for the other 4 men, while car 2 was being loaded. When filled, oar 2 was 
removed by C and D, while E and F set up the third car and loaded it with help of A and B. A 
fourth empty car was meanwlule brought up by C and D, who then took their turn at picking. 
The cycle was completed when E and F took the third loaded car to the rear, brought back an empty 
and resumed their original position on the muck pile. Thus, each man spent two-tlurds of the time 
in tiarnming or picking muck, either of which is easier than loading, and relieves the monotony of 
shoveling In this methodical procedure there is no lost motion. Cars of 16-cu ft capacity were 
filled in an aver of 3 or 4 nun. At the Rawley tunnel (12) where a similar system was used with 
4 ehovelers, 25 17-cu ft cars were loaded in 2 hr; in another case, 20 cars in 1.75 hr, including all 
delays in making up trains. 



Fig 12. Scraper-loading Unit, Montreal Mine, Wis 



Fig 13. Shovel-typo Loader Close-coupled to Mine Car for Small Headings 


Mechanical loading is not well adapted for drilling and mucking simultaneously, 
although with small dipper loaders this may bo done as at the B. C Nickel Co’s tunnel (3). 
The routine for driving the long Eureka crosscut at the Burra-Burra mine, Ducktown, 
Teiiii, IS typical The crosscut is in schist and graytvacke, 8 by 8 ft in section. As a speed 
of 500 ft per month was all that was required to reach the objective on the desired date, 
only 2 shifts were worked, as follows (34): 

A vseraper operated by a double-drum, 25-hp elec hoist was mounted on a portable frame of mine- 
traf k gage, upon which was supported a steel incline for loading into 4-ton cars, spotted by a cable- 
reel locomotive. Sulmgs for empty cars were kept within 700 ft of the face. The few minutes 
lu'cded for switching cars caused no delay, as this time was employed in preparing the muck pile 
foi easy loading. The drill crew began at 7 a m, and, with a clean set-up, started drilling with two 
1 1 i-lb drifters mounted on columns. At 9am the round was about finished, and was usually shot 
and smoke blown out by 10 o’clock. As the ground broke well, the entire heading w as generally shot in 
one operation. Tlie mucking crow, coming on at 9, oiled and overhauled the equipment, to be ready 
by 10 o’clock to begin mucking. While mucking out, the drillers overhauled their equipment, sent 
out dull steel, brought in and sorted fresh steel, and took a short rest period. Mucking was usually 
done by noon, and a second round drilled and shot by 3 p m. Two shifts each of drillers and muck- 
ers completed 4 rounds, making an aver advance of 18 ft per day of about 20 hrs. Each drill crew 
consisted of 2 drill runners (one acting as shift leader), 2 drill helpers, and 1 steel nipper. The 
nipper helped the muckers on his shift, besides keeping the drillers supplied with steel. The muck- 
ing crew comprised a hoist man, helper at the face, and motorman who spotted and changed 
cars, hauling and dumping the loaded cars, while the drillers were at work. A foreman had charge 
of both shifts. The job was organized on basis of 2 high-pressure work periods for each crew, with 
an intervening period of rest. For completing two rounds per shift, wages were, shift leaders, 
$8.16, drillers, $7.16, scraper man, $7.16; drill helpers, $6.16; steel nipper, $5 16, scraper helper, 
$5 10, motorman, $4.08. Except the motorman’s wage, these rates were 40 to 90% above the 
standard. If the 2 rounds were not completed, the men received only the regular daily rate. 

Tho 4 100-ft haulage tunnel at the Britannia mine (2) is 10 X 12 ft. Low cost was 
more important than speed, the aim being to attain max effic with small crews. The head- 
ing crew per shift comprised 1 shift boss, 4 miners, 2 muckers, 1 motorman and 1 brakeman; 
also 1 trackman and helper and 1 ditchman on day shift, and 1 steel sharpener and helper. 
The cycle of operations was as follows: 
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After blasting, 2 miners bar down, 2 rig equipment for drilling holes for “Lewis wedges,” 2 
muckers clean out for the scraper slide, and the train crew bring in cars and slide. A hole is drilled 
in each wall at the face, wedges are driven in, a chain is stretched across, on which the tail sheave is 
hung; the mucking machine is meanwhile clamped to the rails and connected to the 440-volt 3- 
phase a c power line, and mucking begins. While a 120-cu ft or 6-ton car is being filled the train crew 
hang an empty on the car switcher, the full car is pulled back, and the empty dropped on the rails 
and pushed to the mucker. Filling cars averages 3 to 4 mm, and switching 1 to 3 mm, according 
to distance. The car switcher is moved up about every 500 ft. One side of heading is scraped out 
first; when the tail sheave is switched to the other side, 2 or 3 men clean up along the wall with 
shovels and hand scrapers. The permanent rail is kept 30 ft from the face, so that the scraper can dig 
to bottom of the ties over the whole area 

After mucking is completed, a light rail extension is laid, over which the drill carnage is run to 
the face and set up, the staging is erected, and drilling begins. Some side holes and relievers can 
be drilled as well from one machine as another, the order of drilling being such that these holes 
are drilled last. If one machine gets into trouble, another can take an extra hole and save delay. 
While drilling is in progress, 1 man cuts powder and prepares primers, 2 men blow out the holes 
while the drill carriage is being taken out, the round is loaded, the blasting circuit tested, and the 
connecting wires strung out ; holes connected m series. 

A drainage ditch, 3 ft wide and 3 ft below bottom of ties, is carried with the heading. For this 
the necessary plugging and blasting are done while drilling is in progress in the face, and mucking 
is done by hand at all points of the cycle. The ground ranges from very hard and blocky to very soft 
and highly schistose. Hard ground is often wet, and at times water pressure is so great that plugs 
must be driven into the holes to keep the powder from being forced out. Drilling time ranges from 
11/4 to 51/2 hr, but 2 to 21/2 hr is usually sufficient. Timbering was necessary m one place only for 
about 40 ft. 

Aver advance is one 6-ft round per shift, which can be maintained in any but the hardest ground. 
Total cost of this work to the present time has been $25.83 per ft, including a proper pioportion of 
all constructional and equipment expenses, such as purchase and installation of cornpressoi, erec- 
tion of steel shop, etc, and of capital charges necessary to equip the completed tunnel with 100-lb 
track and trolley wire for haulage of ore. 

With shovel loading the routine is similar to that with scrapers, as shown by the follow- 
ing examples. 

1. Ojuela Tunnel (18). Mucking was done by an air-operated Nordberg-Butler under- 
ground shovel, Model 109, which loaded into 40-cu ft cars. The cycle of operations was: 

Beginning with a clean set-up, the power shovel was pulle<l back to the pas.sing s\Mtch and the 
drill carriage pushed to the face. Each of the 4 machines drilled a prescribed number of holes. Dur- 
ing drilling the shovel runner overhauled and oiled the shovel and the track crew cleaned up along 
the side to prepare for laying track and pipe. When drilling was completed, the motor pulled the dull 
carriage back to the portable turnout and the round was blasted. After waiting 10 mm after the 
last shot, about 1 000 ft back from the face, the entire crew cleaned up the track to the point at which 
the muck pile was about 1 ft high. The shovel followed the crew and necessary connections were 
made when the muck pile w'as reached. Three men pushed one 40-cu ft car from a group of 6 empties 
from the portable turnout switch to the shovel, after which another empty was placed on the passing 
switch to be exchanged as soon as the first was filled. I^oaded cars were returned to the loaded sule of 
the portable turnout, and the tram hauled out. Empties were kept 011 opposite side of the switch. 
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2. Owyhee Tunnel No 5 (19). General procedure was as follows: the blower exhausted 
powder smoke from the face for 10 min aver; it was then reversed, blowing in fresh air. A 
train of 81-cu ft cars, w’ith mucking machine at head end and locomotive at lear, proceeded 
from nearest passing track to the face; the shovel (Conway, Type 50) started loading on 
reaching the first fly-dirt and continued until the face was clean. 3 minors and helpers then 
rigged up 3 machines on a horiz bar, and, working from a staging, put in the upper holes; 
one miner and helper, drilling from a horiz bar, put in the lifters; the drilling completed, 
the miners tore down and blew out the holes. The holes were wired by the shift boss or 
powder man, and fired with delays from a switch, the compressor-house attendant reversing 
the blower on hearing the shots. Aver time for each operation during 3 good months, 
3 283 ft being driven in 212 shifts, 15 shifts of which were devoted to timbenng, was: 
ventilating, 10 min; shoveling, 1 hr 18 mm; setting up, 31 mm; drilling, 1 hr 19 min; 
tearing down, blowing holes, loading and blasting, 1/2 hr; total time, complete round, 3 hr 
48 min. Per round: ft advance, 7.82; no of holes, 19.2; ft drilled, 172; no of cars, 16.9; 
lb powder, 146.6 (18.6 per ft advance). Per shift rounds, 2.12, ft advance, 16.6. Depth 
of holes, 9 ft. 

Table 7. Mucking Rates in Various Tunnels 


Tunnel 

Bib 

No 

Mucking 

eiiuipinent 

Aver cu ft 

Solid 

n^eaaure 

1 

per round 

Car 1 
inojusure 

Mucking, 
aver time 
per round 

Hr : min 

Car capac, 
cu ft 

Aver loading 
time per car, 
min 

Big Creek No 3 

1 

r Marion 1 
( No 20 (r) ) 

1 I40(«) 


(0 

108 


Britannia Ext 

2 

scraper (f) 

28 




120 

3-4 

B C Nickel 

3 

Butler (c) 

20 


3 

: 30 

25 


Cascade Pioneer. 

4 

[ Myers- ] 

1 Whaley (c) 1 

26 

1 


2 

: 00 

54 


Chicago Ave. ^ 

5 

scrajier (e) 

90 

220 

6 

: 00 

*27 

’V 

Colorado River 

7 

Conway (c) 

70+ 1 

110-120 

2 

: 30 

54 and 135 


Copper Basin 

7 

Conway (c) 

100 


4 

: 48 

135 


Eureka 

8 

scraper (e) 

18-29 

38 

1 

. 45 

60 


Maininoth 

14 

hand 

540 


6 

. 30 

14 

3^3. 7(d) 

MotTat No 5 

15 

Conway (c) 

22 1 

38 

1 

: 56 

54 

1.9 

Now Haven 

16 

Conway (e) 

32 

70 

5 

: 00 

48 


Ojuela 

18 

Butler (r) 

23 

30 

2 

; 30 

40 

3^4 

Owyhee 

19 

Conway (c) 

27 1 

51 

1 

: 18 

81 

1 5-2 

Sheep Creek 

71 

liand 

12 


4 

: 05 

30 

(/) 


(d) Two 8-ft heading Kuinds and one IG-ft l^ench round {b) 8-10 hr, including preparation and 
nioMiigoul (r) C'onip-.ni dri\e {<!) 3 men shoveling, 1 tramming, (e) Elec driv'e. (/) 10-12 
ton per hr, 1 muckera shoveling, 2 resting. 


9. TRAMMING AND HAULAGE 

Mucking by hand. Any delay in tramming or prompt replacement of loaded with empty 
cars affects mucking efficiency and may ui>set the entire cycle of operations. There are 
vai 10118 methods for minimizing the time reipiired to handle the cars. Due to the extra 
effort for hand slioveling into high cars, or throwing muck to the back of long ones, small 
light cars aio usually pieferable, although they involve more shifting per yd handled. Light 
cars arc cliange<l quickly, as empties can simply bo tipped off the track, to allow loaded 
cars to pass, and replaced for pushing them to the face Another method for light cars is 
to use a “slick-sheet,” beside the track and close to the face, on which an empty is kept 
always leady. When a car is loaded, it is pushed past the slick-sheet, an empty brought to 
the face, and another empty placed on the sheet. At the Sheep Creek tunnel (21) the slick- 
sheet was never more than 50 ft from the face; another sheet, a few huridied ft farther 
back, held a tiain of emi>tios. The loaded cais were run back past the empties, made up 
into a tiain and hauled out. The empties were then run singly to the sheet at the face. 
As the sheets wore set at same height as top of the rail, cars had only to be lifted the height 
of the flange. 

Mechamcal loading has brought about the use of larger cars, which are loaded by ma- 
chine as (luickly as small cai s by hand. To reduce switching delays, thus increasing actual 
loading time, special methods and equipment have been developed. The commonest are 
movable switches and passing track, and the crane car-lift (“cherry picker”). Fig 14 shows 
switches and tracks m the Ojuela tunnel (18) ; for details of car changing routine, see Art 8. 
Fig 15 shows a form of “cherry picker” employed in the Wachusett-Cold brook tunnels (35). 
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It is an air-lift hoist, traveling on a transverse beam or bar near roof of tunnel. An empty 
car is raised by the hoist, transferred to one side, the loaded car switched back, and the 
empty then returned to the track ahead of the train and pushed alongside the loader. Thus, 
for each car switched, the train moves its complete train length, backward and forward; 
plus any distance greater than normal between the cherry picker and the face; plus the 
working clearance for car and shovel at the face. Time studies at the Moffat tunnel, where 
a cherry picker and 50-cu ft cars were used, showed that actual loading consumed 28% of 
total loading time, and switching 24%. At the Owyhee tunnels (19) with same equipment, 
except that cars were of 81 cu ft capac, the number of cars to be switched was reduced by 
60%, thus saving 13 to 19 minutes per round. When loading by scraper and slide, a large 
oar can be used, although its height must be limited to allow room for the loading boom 
above it and clearance for the scraper as it passes over the boom. Fig 12 shows the equip- 
ment devised at a Wisconsin mine (33), where 2 cars 
(190 cu ft each) and a locomotive comprise a loading 
and haulage unit. With this, an aver round of 6.1 ft 
in a 9 X 14-ft crosscut was mucked out in 3 hr 9 min 
aver. The entire unit goes out to the dump, 3 or 4 
trips being required to clean up a round. Othei de- 
vices for saving time in switching are the “grasshop- 
per” and the conveyer (Sec 27), The formei, appli- 
cable only to a high tunnel, consists of a steel frame 
straddling the tunnel track and traveling on a wide- 
gage track. A hinged ramp at each end is low’eied to 
permit running a string of empty cars on and off the 
deck of the frame which is high enough to allow cars 
to pass through under it. The empties are pulled up 
the rear ramp by an air hoist, and lowered singly on 
the front ramp, as required hy the loader. The con- 
veyer may be used where headroom is less; it consists 
of a belt mounted on a framewoik sti addling the 
tunnel track. The mucking machine loads thiough 
a hopper onto the conveyer, w'hich is long enough to cover a string of cais. Table 7 
gives data on tramming and haulage time, which are virtually the same as mucking time, 
the operations l^ing concurrent. 

Type of car used will depend largely upon dumping facilities. Solid-body cars may be 
of large capac, yet low. Their first cost and repair costs are comparatively small, and spill- 
age along the track is a minimum, due to the absence of doors around 'which leakage may 
occur. These cars require a rotary dump, and involve rehandling the muck in another car 
or skip for final disposition; the extra cost of plant may not be warranted. Grauby-type 
cars (Sec 11) have certain advantages, e.specially for fast dumping, but require a fixed 
dumping ramp. In most tunnel jobs the muck is spread over a considerable area near the 
portal, simply by fanning out the pile, and for this side-dump cars are ideal, although they 
may be too high for easy hand loading, and even for mechanical loading if the tunnel head- 
room is small. Gable- or rocker-bottom cars are commonly employed in the smaller tun- 
nels. (For different types of cars, see Sec 11.) 

Haulage is usually by locomotives, which are also used for switching at the face and for 
moving drill carriages, mucking plant, timber, and supplies. Storage-battery locomotives 
are ideal for short hauls, and have the advantage of eliminating trolley wires, especially 
important at and near the tunnel face. Combination trolley-battery locos, often used in 
long tunnels, run on the batteries for spotting and switching cars near the face, anil operate 
as trolley locos for the long haul out to the dump. Cable-reel trolley locos are employed 
similarly. On some jobs a small battery-loco is used at the face for spotting and switching, 
and a separate trolley-loco for the long hauls. 

10. VENTILATION (see Sec 14) 

Adequate ventilation is a requisite for rapid and economical tunnel driving and to pro- 
tect workmen against dust and gas hazards. In tunnel work it usually implies mechanical 
ventilation, for prompt removal of gases after blasting and supplying fresh air at the face. 
Good ventilation is required during drilling and mucking, for diluting and sweeping out 
harmful dusts; under high-temp conditions, for immediate physical relief of the men; and, 
under explosive-gas conditions, for diluting and removing gas. 

During drilling, or the operation of air-driven shovels or scrapers, exhaust air affords 
some ventilation and cooling effect. Just before firing around, the comp-air line is usually 
opened to blow against the face, diluting the powder gases and gradually moving them back 
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from the face. At velocities up to about 30 ft per min, the gases move back as a cloud; 
higher velocities result in churning and dilution, without materially hastening this move- 
ment. Removal is therefore very slow unless a blower or fan is installed at the tunnel por- 
tal, it is connected to a pipeline which is suspended in an upper corner of the tunnel and 
extends as close to the face as possible without danger of its being injured by blasting. 

Blowing vs exhaust systems. The relative meiits of continuous blowing, continuous 
exhausting, and blowing followed by exhausting, are still debated. Local conditions may 
influence results obtained by different methods. Data in Table 3 indicate a majority pref- 
erence for the exhaust system. Arguments for and against may be summarized as follows. 
With blowing only, the gases are churned about at the face, but are eventually caught in an 
outgoing current of air through the tunnel. Thus even if they are quickly removed from the 
face, men returning to work must pass through a gassy zone unless they wait long enough 
for the gas to discharge at the portal. The ventilating pipe can not be carried close to the 
face, because of flying rock from the blast; but, when blowing, flexible tubing can be at- 
tached to the pipe to carry air to the face, and is quickly rolled back a safe distance before 
the blast. While with non-collapsible tubing the same practice is possible when exhaust- 
ing, it IS seldom attempted. Blowing at the face causes a rapid cooling effect on the men; 
wheteas, when exhausting, movement of air at the face is hardly felt, although the volume 
of fresh air may be the same. With straight exhaust, the movement of fresh air from the 
portal IS usually along the floor near the face, thence upward, and out through the venti- 
lating pipe. Due to the necessary distance from end of the pipe to face, the gas may take 
some time to reach the pull of the exhaust; but, when caught, it is immediately sucked out 
of the pipe, and the tunnel is clear to the portal, so that men can return to the face in fresh 
air. During drilling and mucking, blowing dilutes concentrations of dust (or strata gases, 
like methane), and sweeps them from the face, whereas exhausting often fails to reach the 
greatest concentrations. When drilling, the drill exhaust aids somewhat in driving the dust 
back to the ventilating pipe. 

In general, it would appear that max results can be obtained under normal temperature 
conditions by the following sequence: (1) blow from compressed-air line at the face during 
and immediately after blasting, thus driving the gases back to the end of the exhaust pipe, 
whence they are drawn out; (2) as soon as gases are removed by the fan or blower at the 
portal, extend flexible tubing to near the face and reverse the current, blowing fresh air in; 
(3) continue blowing during mucking and drilling. On some jobs the system is operated 
blmving for 10 or 15 min following the blast, supplementing the effect of the compressed 
air jet, and is then reversed, operating erhausting during the rest of the cycle. Under high- 
temp or explosive-gas conditions, continuously blowmg systems are preferable. 

Blowers. The high-pressure mechanical ventilation required for long tunnels may be produced 
by positivc-pres.surG blowers, low-pressure centrifugal or propeller fans installed in series, or centrif- 
ugal compressors (see Sec 14). Tunnel contractors usually prefer positive-pressure blowers, although 
some centrifugal compressors have been employed in recent years. 

11. TUNNEL SUPPORT 

Support for the tunnel roof and sides may bo required while driving. If it must be kept 
close to the face, the rate of advance is 
retarded, and the cycles of operation 
already outlined may have to be changed 
to include a tirnbeimg period. Placing 
timbers after blasting each round may 
require as much or more time than drilling 
or mucking Some ground stands well 
when treshly biokcn, though after con- 
tinued exposure it may slack, ciack or 
slab off. In such cases the placing of 
Buppoits may safely lag some distance 
behind the face, causing little if any 
hindrance to driving operations. Tem- 
porary timbering is often used during 
driving and replaced later by permanent 
supports or lining Permanent supports 
ate of timber, structural steel, or con- 
crete; brick or masonry was often used in 
the earlier R R tunnels. Concrete may 
bo poured around forms, where a strong 
lining is needed to support heavy broken ground; or, where there is no great weight 
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and it is only necessary to prevent air-slacking, a thin layer of “gunite” suffices. For 
permanent support, timber should be well seasoned and treated with preservative. It is 
easily framed on the job and quickly erected without use of special tools or equipment. 
For temporary support, in local stretches of bad ground while advancing the heading, 

timbers are readily cut and framed to suit 



Fig 17 Drainage Tunnel Set 
with Ditch uridei Tiack 


requirements. 

Timber sets comprise several timbers 
forming a framework across the tunnel sec- 
tion. The commonest form for narrow 
tunnels is the 3-piece set, consisting of a cap 
and two posts. Fig 16 shows a typK'al 
3-piece set, with posts battered to resist 
side pressure. Fig 17 is a set used in the 
Park-Utah drainage tunnel, where a water 
ditch of large capacity was required (30). 
Posts may be dapped into the ends of the 
cap, or held apart at the top by a “scab” 
piece spiked to under side of the cap. Col- 
lar and toe biaces between adjoining sets 
lesist longitudinal movement of the sets. 
The batter of the posts is 1 to 1.5 in per 
ft, which is usually sufficient to prevent the 
bottoms of the posts from pushing inwaid 
unless side pressure is excessive and the 
bottom soft. The set in Fig IS has “batter 
blocks” to piev’ent displacement of the 
posts by swelling ground. The back of the 
tunnel often stands better if aiclied (Fig 3 
and 4), especially in wide headings. Simi- 
larly, arched sets (Fig 19) are customaiy 


in wide tunnels. Where only the back 


requires support and the walls are strong, posts may be omitted and the arch timbeis set 
in hitches cut at the break-line of the arch (Fig 20). In swelling ground, whcie thii bottom 
tends to heave, an inverted arch set (Fig 21) may be used. Size of timbers and inter- 


val between sets depend upon size of tunnel, and pressuies to be withstood. The iiack 
and walls between sets may or 


may not require support by lag- 
ging. Swelling ground should 
not be close-lagged, but spaces 
left between adjacent pieces of 
lagging, through which pressure 
can be relieved. 

Routine and speed of timber- 
ing depend largely on how close 
the timbering must be kept be- 
hind the face. If each round of 
advance must be supported at 
once, timbering becomes a part 
of the driving cycle. The first 
step after blasting is to scale the 
back; and, in loose ground, to 
hold the back ahead of the last 
set by forepoling, sliding booms 
(Fig 22) or similar means, to 
protect men while mucking. 
After the round is mucked, the 
new set ia erected, blocked in 
place and lagged if necessary, 
and the drills are set up for the 
next round. This procedure ob- 
viously slows the rate of advance, 
but unless the ground is very bad, 



Fig 18. tSet with Batter-blocks iu Swelling Ground 


requiring spiling or other special methods, timbers can be standardized and a regular rou- 
tine followed. Speed is gained by having all materials and supplies at the face before work 


begins; timber for a complete set, blocks, wedges, lagging and tools, should bo brought in 
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with the crew. Where the timbering lags a considerable distance behind the face, a special 
timber crew is usually employed. With suitable scaffolding, work can proceed without 
interfering with driving operations. A 
movable scaffold, with a working deck 
several sets long and high enough to allow 
the tunnel cars to pass under it, may be 
advantageous. 

In the Claremont tunnel (37), sequence of 
operations was (1) excavation and timbering, 
interrupted from time to time to construct the 
concrete invert, (2) placing forma and pouring 
the concrete arch. Tunnel sets were 6-piece 
(arch), with 6-ft posts and were 4, 6 or 6 ft 
apart, depending on the ground. Timbers were 
8 by 8 in, later changed to 8 by 12 in. Drilling 
and blasting averaged 21/2 hr; mucking, with a 
Conway machine, 3 hr After blasting, the 
top lagging boards were driven forw^ard and 
mucking was started. After clearing out the 
face the timber set was erected and blocked in 
place, side lagging being placed where necessary. 

Advance per round, 4 to 8 ft and 24 ft total 
advance wiis often made in a day. About 5 5 
hr were required for drilling, blasting and 
mucking, leaving some 2 5 hr for timbering, thus it was possible to complete a round and timber it 
in an 8-hr shift. However, timbering close to the face usually precludes completing two rounds 
per shift, though it may not do so where the ground is not bad and the work is highly systematized. 
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In the B. C. Nickel tunnel, where little timbering was required, the timbers were set by the 
muckers under direction of the shift boss while the machinemen were drilling the lifters. At the Big 
Creek tunnel (1) it is stated that “bad sections of ground were timbered as broken, which threw the 
cycle out of gear and cut down progress.” Much of the Rawley tunnel (12) had to be timbered dur- 
ing Sept and Oct, 1912, when the advance was 390 and 185 5 ft, respectively; during June, July and 
Aug, when little timbering was reqmred, the advance was respectively 488, 555 and 421 ft. 

Concrete lining is now used in many tunnels, especially aqueducts, designed for long 
life, irrespective of immediate need for support; in the course of time many rocks disin- 
tegrate to some extent and some slabbing occurs if they are not sealed off. In most mine 
tunnels and some others which have to be timbered during driving, the concrete is poured 
around the timbers without disturbing them, the tunnel having been driven oversize, to 
leave the desired clear section inside the timbers. Sometimes 2 or 3 in of concrete over the 
face of the timbers is considered sufficient, the thickness of course being much greater be- 
tween the sets. 

In the Colorado River aqueduct a 6-in thickness of concrete was maintained inside 
timbers (Fig 236). Fig 23a shows the lining in untimbered sections of this tunnel and Fig 



a-XIntimbered section 6*Tlmber-8upportc(l scclion C-Steel-llnctl section 


Fig 23. Typical Sections of Concrete Tunnel Lining, ('oloiado River Aqueduct 


23c, a steel-lined section. Concrete is placed in separate sections after excavation has been 
completed. The curbs A (Fig 24) are poured first, then the arch B and last the invert C (7). 
“The forms used in placing the arch lining are made in 30-ft lengths and constructed so 
they may easily be collapsed on a carriage to such dimensions that the 3 ^ may pass under 
other forms in place in the tunnel. . . . The carriage is equipped with hydraulic jacks, used 

to expand the forms into position, where they 
are braced and held between the curlis by screw 
jacks placed between the forms and the haulage 
track. . . . About 8 30-ft sections are reriuired 
at each concrete pouring operation. The batches 
are proportioned by weight in quantities of 1 cu 
yd each, at batching plants outside the tunnel, 
placed in specially designed batch cars and 
pushed into the tunnel and up to the mixer by 
a locomotive. . . . The mix is dumped from the 
cylinder into an ingenious pump, which forces 
the concrete through an 8-in pipe-line up over 
the tops of the forms to the advancing aich of 
fresh concrete. . . . Another method is to wot- 
mix the concrete outside the tunnel and trans- 
port it to the placing machine inside in batch 
buckets carried on special cars. These buckets 
are elevated by an air hoist and dumped into 
the cylinder of the placing gun. The cylinder is 
then closed and compressed air introduced at a 
Pig 24. Order of Concreting, Colorado pressuie of 80-125 lb per sq in. . . . As much 

River Aqueduct as 735 cu yd have been placed in one tunnel 

in one day. In a month of 27 working days, 
14 400 cu yd of concrete were placed; an aver of 535 cu yd per day.” Where ground con- 
ditions permit, concreting follows some distance behind the heading, else it must be done 
intermittently and at greater cost, since (unless more than one heading is in progress) the 
concreting crew will be busy only part of the time. Minimum thickness of concrete is gen- 
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erally from 6 in upward, the arch usually thicker than the walls. The forms are of wood, 
steel, or wood on steel. Concrete is placed by hand, gravity, pump, or pneumatic cylinder. 
Gravity is common for sides and invert; pneumatic cylinder for the arch, even on same job. 

Gunite. Where no great weight is expected, slabbing is often prevented by a I/4 to 3 /4- 
in coating of gunite (mixture of about 2.5 to 3 parts sand to 1 cement) , applied to the rock 
walls with a cement gun. The fresh rock should be coated as soon as broken, all loose rock 
being first removed and the walls cleaned thoroughly. In the United Verde Ext tunnel 
gunite was used successfully in a 4 090 ft section, and in 1930 had held for over 10 years 
(38). The tunnel is 10 by 10 ft; a 3 : 1 sand-cement mix was applied in 2 coats. Total cost 
of labor, materials, machinery repairs and supplies, was $5,772.23, or $1.40 per lin ft of 
tunnel treated, or 46c per sq ft. 


12. DRIVING THROUGH LOOSE OR RUNNING GROUND 


Conditions range from ground which is merely loose and heavy to those where water 
under pressure may force soft-material into the heading. For the first condition, forepoling 



Fig 2.) Forepoling ■with Regular and Bridging Sets 


with or without breast boards usually suffices. Methods differ in detail, but in general in- 
volve the driving of spiling over the last set of timbeis, so that room is left below 01 (AMth 
side spiling) inside, for erecting the next regular set (Fig 25). 

Fig 26 shows the swinging false sot amUi a 3-piece arch cap for very heavy giound. It 
can be applied with even gi eater facility to the ordinary hoiiz cap There aie no tail 



Fig 26. 



Swinging False Set 


blocks, nor does the spiling have to bo driven across 3 sets of timbers, as in Fig 25. The 
weight on front ends of spiles is carried by the swinging false set, and the spiling can be 
driven with less hammering than is required with the tail blocks. The posts of the false 
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set rest and rotate on the sill of permanent set, and when first erected occupy the position 
shown by dotted lines. They carry a cap of heavy steel pipe b, which supports front end of 
spiles a. While driving, the only pressure to be sustained is that of the rock above and in 
front of a; whereas, with tail blocks, a few pounds weight on front end of a spile brings 4 or 
6 times as much weight on its supports. As the spiling is driven, turnbuckle c is slowly 
unscrewed, allowing the false set to fall forward, until the spiles are nearly horiz. When all 
spiles have been driven home, and the supporting block d placed under them, the turn- 
buckle is slacked still farther, until the swinging set loosens. Then the hanging rods are 
unhooked from the eye-bolts and the false set is advanced to its next forward position. 

This system requires that the timbers for at least 6 or 6 sets from the face shall be con- 
nected by tie rods, as shown. This is an advantage, because, by screwing the timbers up 
tightly against the braces, they can be more easily blocked in position. Also, the timbers are 
held in place so rigidly that, if hard ground occurs in any part of face, heavier charges of 
explosive can safely be used than if timbers were held in place only by blocks and wedges. 

Where there is water pressure, special methods sometimes have to be adopted, such as 
drilling holes ahead of the face and pumping in cement grout to seal off the water (see Sec 8) . 
The liquid cement is drawn from mixing tanks into a pump chamber and discharged 
through pipes into the drill holes. Pumps have been used capable of developing pressures 
up to 3 000 lb per sq in. Freezing methods (see Sec 8) and working with a shield behind 
compressed air locks are special methods seldom if ever employed m mines. 


13. COSTS 


Table 3 (Art 1) gives typical costs of tunnel excavation, but except for tunnel No 1, 
these do not cover cost of concrete linings. Concreting may cost as much as excavation or 
more. The following cost data are typical. 

B. C, Nickel tunnel (3). Section 8 1/2 by 10 ft; length, 4 629 ft, little timbering; 
Nordberg-Butler “shuveloadei progress best month, 630 ft. 


Table 8. British Columbia Nickel Tunnel (1934) 



Cost per ft 


Cost per ft 

505 ft 

4 563 ft 

5:if5 ft 

4 563 ft 

Drilling and mucking: 



Tramming 



Wages 

$ 8 02 


Wages 

$ 1 38 


Machine shop . 

24 


Machine shop . 

.16 


Drill steel loss. . 

1 30 


Supplies . 

08 


Machine drill parts 

.97 



$ 1 62 

$ 1 55 

Supplies: tools . 

.84 


Air shovel operation: 



oil 

.03 


Wages . 

$ 1 04 



[ $11.40 

$ 8.89 

Shop 

29 


Explosives: 



Supplies. . 

27 


Powder $7. 50 per case . 

$ 2.93 



$ 1.60 

2 02 

“ @ $8.75 “ “ 

2 39 


Pipe laying (air and water) 



Fuse $44 “ “ . 

.44 


Wages and supplies. . 

0 26 

.44 

Caps @ $21.50 per M 

14 


Ventilation pipe line 



liandhng exp and capseal . 

04 


Wages, shop and supplies 

0 16 

.26 


$ 5 94 

5.58 

Lighting* wages and supplies 

0 80 

.64 

Timbering: 



Compressor operation 

0 56 

.58 

Wages 

$ 0. 18 


Steel sharpener operation 

1 49 

1 36 

Supplies 

09 


Engineering 

0 19 

.25 


$ 0 27 

. 19 

Office . . . 

0 48 

.29 

Track laying (surface and 



Superintendence. . . 

0 61 

.43 

underground; : 



Carbide 

0 05 

.06 

Wages 

$ 0.62 


W. C B assessments . . 

0 46 

43 

Machine shop 

.04 


Total ... 

$26 62 

$23 76 

Supplies 

.07 


Portal expense . 


41 


$ 0 73 

79 



‘$24 17 


Halkyn Tunnel, No Wales (10). Section, 10 by 8 ft; data for 495 ft driven July 1-16, 
1933; scraper loader. 
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Table 9. Halkyn Tunnel, Cost per Ft. British currency converted at £l $4.65 



Labor 

i General 
supphes 

Explo- 

sives 

Shops 

Comp 

air 

Pov.er 

General 

exp 

Total 

Drilling and mucking 

$ 9 11 

1 $0 50 

$5 77 

$0 08 

$1 34 



$16.80 

Tnifiic . 

! • 

03 

06 

08 




1.28 

Hoisting 

76 

04 


02 


$0 17 


99 

Mine, general 

1 70 

1 16 


04 




1 90 

Surveying . 

I 40 

06 





$0 02 

48 

Drill repairs and sharpening 

13 

12 


11 

20 



56 

Overhead . 

35 

01 


01 


01 

24 

62 

Slusher repairs 

04 







04 

Tunnel support 

06 

04 






10 

Ventilation 





15 

06 


21 


$12 66 


$5 83 


$1 69 

$0 24 

~$0 26 

$22 98 

Superintendence . . . . 








1 03 









$24 01 


Kerber Creek (Rawley) Tunnel (12). Section 7 to 8 by 7 ft; length, 6 235 ft; 1 618 ft 
timbered; hand mucking; mule haulage; best month’s advance, 555 ft; aver, 351 ft. 


Table 10. Kerber Creek Tunnel, Cost per Ft (1912) 


Underground 

Labor 

Suppl and 
repairs 

Total 

Surface 

Labor 

Suppl and 
repairs 

Total 

Drilling and blasting 


$n 42) 


Power plant 


$0 18 ) 


Explosives 

$2 82 

2 01 i 

$5 25 

Fuel 

$1 07 

1 31) 

$ 2.56 

Mucking 

2 14 

02 

2 16 

Blacksmithing 

60 

13 

73 

Tramming 

1 02 

11 

1 13 

General surface 

67 


83 

Track and pipe 

44 


44 

Salaries, office, travel- 




Timbering 

87 

31 

1 18 

ing, etc . 



1 98 

General 

1 17 

27 

1 44 

Permanent plant * 



2 13 





Boarding house . 

1 


04 





Grind total 



$19 87 


$3 24 ]('8S $ I II frccht 


Mammoth Tunnel (14) Section, 9 5 by 9 ft; length 3 008 ft, mostly untinibered; hand 
mucking; aver advance, 301 ft per mo. 


Table 11. Mammoth Tunnel, Cost per Ft (1912) 


( )peratiori 

Labor (a) 

Material 

Air 

Power 

Total 

Drilling 

$4 772 

$0 131 

$1 206 


$6 109 

Mucking 

3 474 

390 



3 864 

Timbering 

069 

100 



. 169 

Piping 

271 

834 



1 105 

Explosives 

4 000 




4 000 

Making drill tools 

017 

357 



.374 

Pepainng drills (Hurlcighs) 

044 

333 



.377 

Sharpening steel 

271 




.271 

Track and wiring 

1/2 

1 266 



1.438 

Electric lights 

026 

038 



.064 

Car and locomotive repair 

051 

209 



.260 

Electric tramming . . 

814 

133 


052 

999 

Foreman 

1 165 




1 165 

Supt, engineering and olfice 

530 




.530 

Widening tunnel . 

044 




044 

Total actual work. 

$15 720 

$3~79r' 

$1,206 

$0,052 

$20 769 

Pipeline to portal 





.118 

Extension of tramroad . 





.224 

Grading for yards . . 





.523 

Misc preparation 





599 

Total cost 





$22 233 


(a) Wage rates foreman, $6; machinemen, $3.50; chuck tenders and pipemen, $3.25; muckers, 
trammers and motormen, $3. 
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Newhouse Tunnel (17). Section, 8 by 8 ft; length, 22 000 ft; 1 000 ft timbered; hand 
mucking; aver progress, 244 ft per mo; driven in 1902-09. 


Table 12. Newhouse Tunnel, Cost per Ft (1909) 



May 

June 

July 


May 

June 

July 

Advance, ft. . . 

264 

323 

305 

Fuse and caps 

$ 0 46 

$ 0 22 

$ 0 49 

Labor * . 

$7 65 

$5 59 

$6 06 

Drill repairs . . . 

1 24 

1 02 

0 93 

Transport. . 

1 42 

I 34 

1 34 

Use of machines and 




Power . 

i 2 15 

1 79 

1 86 

drill steel 

38 

62 

.66 

Blacksmithing and 




Rail, ties, air, etc 

1 59 

1 58 

1 66 

Steel sharpening 

2 35 

1 18 

1 22 

Sundries 

1 69 

0 54 

0 48 

Explosives. 

3 64 

3 83 

4 02 

Total 

$22 57 

$17 71 

$18 72 


♦Wage rates, drill runners, $3.25, helper, $3; trammers, $2.75; miners, $3; muckers, $2 75; 
timbermen, $3, blacksnuth, $4. 


Ojuela Tunnel (18). Section, 8.5 X 9 ft; length, 5 407 ft; no timbering except at 
portal; Nordberg-Butler “shoveloader” ; aver monthly progress, 714 ft; driven in 1930. 
Cost per ft, including supervision; drilling and blasting, $3.99; loading, $1.55; haulage, 
$1.44; rock disposal, $0.32; ventilation, $0.36; geneial, $2.67; air drills, steel, etc, $3.48; 
power, $0 84; explosives, $3.77; othei supplies, $2.94; construction equipment, not pi- 
eluded above, $11.92; total, $33 28. 

Sheep Creek Tunnel (21). Section, 10 X 8 ft; length, 8 707 ft; untimbered; hand 
mucking; aver advance, 596 ft per mo; best month, 661 ft; driven between Dec 1, 1912 
and Apl 1, 1914. Wage rates per hr. machinemen, muckers and carmen, 50ff , shift bosses, 
58^f; blacksmith, 60^; tool sharpeners, 50ff; tool shaipener helpers, 40^, blacksmith helpers, 
35^; compressor men, 40^; electricians, 50^; timekeepers, 45?f, carpenters, 60«f Cost per 
ft: wages, $14.72; bonus, $4.14; lighting, $0.28; explosives, $4.47; tool leplacement, $1.35; 
lumber and misc supplies, $0.75; store expense and transpoit, $0 38; power and comp air, 
$2.53; loss on boarding house, $1.17; depreciation, mining tools, $1 29; total, $31.08. 

Snake Creek Tunnel, Utah (22). Oval section, about 13 ft high, 11 ft wide at widest 
part, lined with 15 in of reinforced concrete. Table 13 shows cost of driving and concreting 
305 ft of tunnel through heavy, water-bearing ground in 1910-12. 


Table 13. Snake Creek Tunnel, Cost per Ft 


Driving tunnel 


Materials and supplies: 

Timber $5 42 

Powder . . 32 

Supphes . 2 36 

Tramnung (feed) 74 

Power ... 1 78 

Cement bulkheads 09 


Labor *. 

Supervision $6 66 

Timbering. ... . 1 3 65 

IVIucking . . . , 9 42 

Tramimng . , 3 85 

Compressormen . , . . 3 31 

Outside general ... 85 

Aspen filling ... . .57 

Blacksmith, . . I 13 

Insurance ... . . 51 

Total driving 


Reinforced concrete lining 


Materials and supplies: 


Cement 

$8 53 


Steel . . . 

5 78 


Gravel and sand . . 

10 

$14.41 

Labor: 



Placing concrete and reinforce- 



ment 

$5 89 


Gravel, sand and water . 

5 40 


Fitting reuiforeement 

70 


Plastering ditch . 

57 

12 56 

Total concreting 


$26 97 

Driving . . 


50 66 

Grand total cost 


$77 63 


39 95 
$50 66 


*Wage rates drill runners, $3 25, helpers, $3, 
miners, $3, muckers, $2 75, trammers, $2 75, 
timbermen, $3 


BIBLIOGRAPHY 

1. Big Creek Tunnel, Cal. E M J, Dec 6, 1924, p 885 

2. Britannia Extension; U S Bureau of Mine.s, Inf Circ 0815 

3. Merrett, E. J. Tunneling at B. C. Nickel Mines, Trans Can Inst Min & Met, Vol XL, 1937 

4. Cascade, Washington, Comp Air Mag, March, Apl, May, 1927 

5. Chicago Ave Rock Tunnel Methods Hercules Powder Co, reprint from Explosives Engr, p 42 

6. Bunee, W. H. Tunnel Driving at Low Cost. Min & Sri Pr, July 11, 1908, p 60 

7. Green, Arthur C. Power Loading on the Colorado River Aqueduct. Trans A I M & M E, 

Vol 126, 1937, p 162, 1936, Expl Engr, Nov 1937, p 338 

8. Eureka Rock Tunnel Methods. Hercules Powder Co, reprint from Expl Engr, p 32 



BIBLIOGRAPHY 


6-29 


9. Florence Lake. Rock Tunnel Methods. Hercules Powder Co, reprint from Expl Engr, p 62 

10. Allan, J. C Twelve-Mile Bore to Dram Halkyn Lead District, North Wales. E & M J, 

June, 1934 jP 253; Comp Air Mag, Sept 1937, p 6412 

11. Hetch Hetclw Tunnel. Rock Tunnel Methods, jp 51 

12. Russell, W. C. Driving a Long Adit, Bonanza, Col. E & M J. Feb 1, 1913, p 272, Simonds 

and Burns, Trans A I M E , Vol 45, p 147; Eng Cont, Apl 2, 1913, pp 365-367 

13. Laramie-Poudre Tunnel, Eng Kec, July 2, 1910, p 11; Jan 14, 1911. Speed of Driving, Com- 

parison of Laramie-Poudre with Recent European Tunnel Records, Proc Am Soc Civ Engrs. 
Vol 38, p 217, 707 (1912). Brunton, D. W , Laramie Tunnel, Trans AIM E, Vol 43, p 99 

14. Mammoth Tunnel. E cfc M J, Dec 21, 1912, Eng & Cont, Jan 15, 1913, pp 58- 60 

15. Moffat Tunnel, Colo, E & M J, Nov 15, 1924, p 765. Comp Air Mag, 1925, Feb, p 1133* 

March, p 1165, Apl, p 1205, May, p 1237, Min & MU, Nov 1925, p 554 

16. New Haven, Conn. Rock Tunnel Methods, p 44 

17. Bain, H F. Driving the Newhouse, Roosevelt and Gunnison Tunnels, E & M J, Apl 19, 1902. 

p 552; Min & Sci Pr, Dec 4, 1909, p 743 

18. Savage, John P. Tunnel Driving Methods at the Ojuela Unit of the Compafiia Mmera de 

Pefioles, Ojuela, Durango, Mex. Bur of Mines, Inf Circ 6480, 1931, 8 pp 

19. Hines, Pierre R. Owyhee Tunnels. A I M & M E, Contrib Paper No I, 1933 

20. Roosevelt Tunnel, Cripple Creek, Colo. E A M J, Nov 27, 1909, p 1061, Oct 2, 1915, p 545; 

Eng News, Jan 4, 1917; Proc Inst Civ Engrs (England), Vol 180, p 362 

21. Driving Sheep Creek Tunnel. E *& M J, Oct 17, 1914, p 693 

22. Snake Creek Tunnel, Min & Sci Pr, Jan 13, 1912, p 108. McKay, G. R., Lining Tunnel in 

Swelling Rock Eng Rec, May 25, 1912, p 565 

23. Lytel, J. L Strawberry Tunnel. Eng Rec, Apl 22, 1911. Zalinski, E. H. Driving Straw- 

berry Tunnel E tfc M J, June 10, 1911, p 1153 

24. Rock Tunnel Methods, p 37 

25. Palmer, L. A Utah Metals Company Tunnel, E & M J, Nov 16, 1918, p 857 

26. Rock Tunnel Methods, p 69 

27. Prelini, Charles. Tunneling, 1902 

28. Stauffer, D M. Modern Tunneling Practice. Pub by Eng News, N Y, 1906 

29. Lauchh, E. Tunneling; Short and Long Tunnels of Small and Large Section, Driven Through 

Hard and Soft Materials McGraw-IIill Book Co, N Y 1915 

30. Rock Tunnel Methods, Drilling, Blasting, Excavation, Ventilation and Lining Reprinted 

from Explosives Eniir, pub by Hercules Powder Co, Wilmington, Del 

31. Richardson, J B. Diiving a Mine Drainage Tunnel in Wales. Comp Air Mag, Sep 1937, 

pp 5412-5414 

32. Carrigan, J J. Anaconda Method of Bunch Blasting, Min d* J/ef, Aug 1936, p 381 

33. Schaus, 0 M Mining Methods and Coats at Montreal Mine, Wis. Bur of Mines, Inf Circ 

6369, 1930, 29 pp 

34. McNaiighton, C. H Mining Methods of Tennessee Copper Co, Bur of Mines, Inf Circ 6149, 

1929, p 5 

35 Corner, D C Wachu««ett-Coldbrook Tunnel, Bur of Mines, Inf Circ 6399, 1931, 6 pp 

36. Hewitt, E A Mining Metho(L and Costs at Park-Utah Mine, Park City, Utah, Bur of Mines, 

Inf Cnc 6290, 1930, 18 pp 

,37. Young, George J Driving tlie Claremont Tunnel E d* M J, May 25, 1929, p 832 
38. D’Arcy, Richard L. Mining Practice at United Verde Extension Mining Co, Jerome, Ariz 
Bur of Mines, Inf Cue 6250, 1930, p 6 




SECTION 7 


SHAFT SINKING IN ROCK 

BY 

HOMER L. CARR, mining engineer 

REVISED FOR THE SECOND AND THIRD EDITIONS BY 

JOHN A. CHURCH, mining engineer 


IRT 

PAOK 

ART 

PAGE 

1 

Crosa-sertion of Shafts . 

02 

IT) 

Concrete Framing and Lining. . . 

18 

2 

Size of Shafts . 

02 

10 

Masonry Lining 

. 21 


Sinkini? Plant 

03 

17 

Tubbing 

21 

1 

Sinking OrKanization. 

. 04 

18 

Kind-Chaudron Process 

22 

5 

Dulling 

00 




1) 

Location and Depth of Drill Holes. . 

07 




7 

I’.xplosives and Blasting. 

09 


SPEED AND COST DATA 


8 

Mucking 

10 

19 

Sm.all Shafts 

23 

9 

Ventilation 

11 

20. 

Shaft Raising 

.. 24 

10 

Sinking in a Working Shaft 

11 

21 

Working Shafts, Metal Mines 

25 

U 

Shaft Raising 

12 

22 

Working Sinifts, (’oil Mines 

. 28 

12 

Design of (Iround Suppf*rt . 

12 

21 

Witwatersrand Shafts 

. 29 

Id. 

Timbering . 

13 

21 

Shafts uith Concieta Linings . . . 

. 30 

14. 

v^teel Shaft-sets 

17 


Bibliography 

33 


Note. — Numbers in p irenthoscs in text refer to Bibliogriphy at end of this section 


7-01 



SHAFT SINKING IN ROCK 


1. CROSS-SECTION OF SHAFTS 

Rectangular section divides naturally into rectangular compartments, requires least 
excavation for given hoisting area, is adapted to fiamed timber or steel support and is 
most widely used in metal mining for sinking in rock. Inclined shafts are almost always 
rectangular, though if conci ete-lined they may have arched roof. Rounded section 
(circular, elliptical, oval) better resists lateral pressure, involves less air friction per unit 

of area, requires some foirri of lining other than 
framed support, and is adapted to rectangular 
hoisting compaitments by using the surplus seg- 
mental areas for ventilating, pipe and ladder 
spaces. Circular sei^tion has max strength and 
for air shafts requires least excavation for a given 
air volume Oval or elliptical section is stioiiger 
than rectangular and shares its space economy, 
but is difficult to keep plumb during sinking. In 
U S colliery shafts, straight sides and rounded ends (Fig 3) combine convenience of divid- 
ing into compartments with efficient air passages 

Compartments of a vert shaft may be side by side (rectangular or oval form), or m 
pairs across the shaft (all forms). Cage comjits are best m line (Fig 1), to simplify track- 
age at stations, but large modern shafts often combine cage compts of full shaft width with 

paired skip compts (Fig 2; also applied to rectangular 
form. Fig 25). Inclined shafts usually have compts 
side by side, though “double-deck” slopes have been 
sunk ; they are said to be cheaper than shafts of like 
capac but of 2-compt width. 


Fig 2. Circulai Shaft Fig 3. Modified Flliptical Shaft 

In heavy ground the oblong section (Fig 1) can be more effectively suppoited tlian the 
square; the long axes of compts should he a<*ros3 the shaft, to reduce distance betwooii 
dividers and give better support to wall plates. Oblong section favors a wide collar 
between cut holes, with economy of powder (Art 6). In steep strata the shoit axis of 
vert shaft should follow the strike, to minimize the unsupported rock span and so guard 
against movement along the dip during sinking. Forman shaft (Comstock lode) was 
L-shaped, with 3 compts m line and a service compt offset at one end; it invited unequal 
ground pressures, was costly to maintain and pioved unsatisfactory. 


2. SIZE OF SHAFTS 

Sectional dimensions depend on: purpose, required capac (in terms of product, mine 
supplies and men transported, or vol of an passed) ; amount of water to be raised; hoisting 
method (cage or skip); character of ground; and unit costs of sinking and operating. 
Sinking cost per ft of depth is minimum for a section of approx 4 or 5 by 6 ft, smaller 
sections impose cramped positions on miners and preclude the most effective placing of 
drill holes; hence cost more. 
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Prospect shafts are often of minimum size, and may have but 1 compt, for both hoisting 
and ladderway. 

Air shafts may have 1 or 2 compts, the second being a small ladderway with fireproof 
curtain wall. Single-compt shafts in solid rock are often circular and unlined, though 
smooth lining reduces air friction. Davis-Daly shaft (Butte) has an octagonal section, 
circumscribed about a circle of 6.5 ft diam inside a smooth timber lining; its coeff of air 
friction for 1 800 ft depth was 1.29 X 10“® at 90 000 cu ft per min, compared to 8 8 X 
10“* for a rectangular unlined shaft of like depth and capac. Boring a shaft full-size by 
shot dull (Sec 9, Art 23) implies circular section and smooth walls, ideal for passing air; 
an air shaft of 5 ft diam was bored at Grass Valley, Calif, to 1 125-ft depth. That section 
is most economical, for which interest on first cost, plus cost of forcing air against the shaft 
resistance, is minimum. 

Working shafts. For general service, design becomes more elaborate with depth and 
capacity. Shafts used solely for hoisting water often have no ladderway and operate 
automatically. Two-compartment shaft (one compartment for unbalanced hoisting, 
with pipe and ladderway) is suited only to shallow mines of small production, where low 
sinking cost means more than power economy at the hoist. Three-compt shaft, includ- 
ing pipe and ladderway, permits balanced hoisting, but in 24-hr duty 30-50% of the time 
IS spent in handling men and supplies, hence is best suited to moderate production. Time 
is saved for hoisting ore by adding a service compt, which may be merely part of the man- 
way reserved for a small cage (to transport mine officials and minor supplies), or a distinct 
compt with cage, often counterwcighted, for entire handling of men, timber and supplies 
(Fig 4). In wet shafts it is convenient in han- 
dling pumps; and in film ground may be long 
enough to handle timber laid sidewise on trucks 
(Fig 25) , it may serve also for further sinking. 

Four-compt shaft usually comprises 1 service 
and 2 (balanced) hoisting compts, with pipe and 
ladderway. In a five-compartment shaft, the 
service compt develops into 2 balance<i cage- 
ways, with 40-60% spare time available for 
hoisting ore; there are also 2 regular hoisting 
compts (often skipways), and a pipe and lad- 
derw’ay. ISometimes ladderway and pipeway are 
separate compts. In this w'ay, or by multiply- 
ing hoisting compts, SIX- and seven-compt shafts are developed; on the Rand a 6-compt 
shaft wuth 2 main hoists and 1 auxiliary for miscellaneous servuce has ample capac for 
the woiking area conveniently reached from one shaft, but time lost in frequent inspec- 
tion of a deep single-lift shaft may make a 7th compt advisable. The 6-compt Vlak- 
fontein No 1 shaft is 43 X 14 5 ft, the 7-compt Wolhuter shaft 46 X 9 ft Kick section. 

Size of compartment for hoisting depends upon the horiz area of cage or skip, with 
clearances (8ec 12). In U S metal mines, for cage carrying 0.75 to 1-ton oars, cageways 
may be 4 by 5 to 5 by 7 ft inside timbers; in coal mines, with larger cars, 6 by 10 or 7.5 by 
12 ft. In a seivice compt, the cage may be proportioned to size of loaded timber truck, 
not of 01 e car. 

Rock section for framed steel or timl^r support is cut to allow 3 or 4 in outride of shaft 
sets, for blocking and wedging; a greater clearance involves needless expense. For 
monolithic concrete linings, shaft walls aie diessed to allow a minimum thickness of con- 
crete. 
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Fig 4. Shaft with Service or Sinking 
Compartment 


3. SINKING PLANT 

Temporary sinking plant at a new site comprises: hoisting apparatus (wdndlass, whim 
or engine, with lope and buckets, skips or cages); tripod, derrick or headframe: provision 
for wast^ disposal; equipment for removing winter (bailing tanks or sinking pumps); 
boiler plant oi elec power substation; air compressor; and housing and accessories. At a 
working mine the existing powder supply is available, and (for deepening a shaft in use) 
hoisting service also. Temporary plant should be designed not to interfere with installa- 
tion of permanent plant; the sinking hoist is placed away (often on opposite side) from 
site of permanent engine, unless opposite a ser\nce compt for later use as a service hoist; 
the sinking headframe is designe<l to peimit erection of permanent frame and placing of 
shaft collar while sinking. ITse of permanent hoist when ready promotes sinking effic. 

Windlass and whim (Sec 12) are often used in starting a shaft and in sinking through surface 
soil before the power hoist is installed. Amount of water influences depth to which their use is 
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practicable; for depths over 20 to 30 ft their application is mainly to new work in remote regions, 
or where mechanical power is not available. 

Sinking engines should be strongly built, of duplex type; many lives depend on their 
reliability. For depths to say 500 ft, and hoisting with ordinary bucket (Sec 12), a 
friction-gear engine of 12 to 30 rated hp is ample, depending on size of shaft. A single 
deep-flanged drum of 14-in diam, gear-driven by an or steam cyls G 5 by 8 or 7 by 9-in, or 
by 25-hp elec motor, will handle 0.5-ton bucket at 300 ft per min. Greater depth reciuiies 
a larger hoist, preferably of reversing type. A 5-ft drum geared to a 200-hp a c or 150-hp 
d c motor will hoist a 2-ton bucket or a cage with 1.5-ton car at 600 ft per min; suitable 
for a 12 by 16-ft rectangular or 17-ft circular shaft to 1 000 ft depth. In deep Rand shafts, 
two drums 8-ft diam, 2-ft face, geared at 3 : 1 to 2 steam engines, cyls 10.5 by 33 in, hoist 
2-ton skip or 3-ton bucket at 1 500 ft per min; deep circular shafts have been sunk with 
two 3-ton buckets in balance (6). For a 2 500-ft shaft at Kirkland Lake, Ont, a 72 by 
36-in double-drum hoist was used, with a 150-hp a c motor, overall capac (single line), 
7.5 ton at 1 000 ft per min; for cost, see below. 

Tripod of timbers bolted together at top, where sheave is suspended, forms a simple sinking head- 
frame. A second sheave may be fastened to bottom of tripod leg nearest the hoist, to lead rope off 
horizontally. 

Stiff-leg derrick is often used for sinking through surface soil, it does not exert pressure on 
ground immediately surrounding shaft, nor interfere with placing timbering or masonry of perma- 
nent shaft collar. Donaldson (1) recommends for colliery shafts a derrick with 40-ft boom and 
30-ft mast of 12 by 12-in timber. Where derrick is used for sinking to depths of 100 ft or more, 
provision should be made to prevent it from swinging when bucket is in the shaft. 

Sinking headframe design is the same in principle as for permanent frame (Sec 12). 
It is smaller; usually has one sheave; and distance between sheave and crosshead in 
the dumping position is small. Sinking frame should embody featuies for dumping 
buckets or skips; for protecting workmen on surface and in the shaft fiom falling pieces of 
rock while dumping; and minimizing work of topmen, in dumping buckets and removing 
broken rock. A contractor’s sinking frame is poi table, easily erected and dismantled. 

Water to approx 1 000 gal per hr may be hoisted, much of it filling voids in bucket-loads 
of rock; larger volumes requiie sinking pumps. With increase of water, cost of sinking 


rises, speed decreases. Ample capac of boiler plant is moie important than steam economy. 

especially if there is danger of sudden inflows of water that may drown the pumps. 

Cost of plant. For 500-ft depth, handling 30-40 gal per mm, cost m 

1910 waa given 

as follows (1); present costs are roughly 50-75% higher* 


Hoisting engine 

$1 000 

2 buckets 

$150 

Two 80-hp boilers and setting . 

1 800 

Hope . . . . . 

150 

Pipe and accessone^ . ... 

500 

Buildings . .... 

500 

1 50-hp feed-water heater 

300 

Dump cars and rails 

300 

14-in compressor 

1 750 

Klectne lighting plant, 10 kw. 

750 

3 drills and steel 

1 000 

2 sinking pumps 

500 

Shaft bar and clamps 

too 

Small tools and sundries 

500 

Derrick 

400 



Headframe 

500 

Total 

$10 200 

Cost of erecting and dismantling plant, $1 

000 to $2 000. 


For 2 fiOO-ft depth at Kirkland Lake 

Ont, a 

shaft 17 by 9 ft rock sec required the following 

in 1931 (30), costs include installation. 




Hoad to site, 0 5 mile . . $ 

2 297 

Blacksmith shop 

$ 3 360 

Hoist (sec above) . . 

26 823 

Office and equipment 

1 420 

Compressor, 1 000 cu ft per mm .... 

8 494 

Misc surface plant . 

3 265 

Hoist and compressor house 

1 960 

Drills and accessories 

2 282 

Headframe, A-type, wood, 60 ft high. . . 

2 938 

Drill steel, 4 5 ton 

1 095 

Cars, 2 of 1 5 ton, and trackage 

510 

Buckets, 3 of 1 5 ton 


Elec power substation . 

7 086 

Sinking pumps, inotois. ...... 

3 137 

Surface pumps, motors, pipe hues 

1 269 

Total 



4. SINKING ORGANIZATION 


Two general systems of organizing underground work in sinking: (a) Machine men 
drill and blast the round, and lower-priced men handle the muck. The two crows may 
work together or on separate shifts; if together, good management is needed to prevent 
interference, and if on separate shifts, to maintain a rigid schedule. When well organized, 
this is usually the cheaper system. (6) Labor is used indiscriminately to drill and muck. 
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No interference is possible, and no rigid schedule necessary; each shift takes up the work 
as left by preceding shift. With 3 shifts, this system makes for speed, but at slightly 
greater cost per ft of shaft, because skilled labor is used for mucking. It is usual with hand 
drilling and hammer drills, both of which can be adapted to local variations in the rock and 
therefore tend toward a flexible drilling schedule. Shaft raising, and breaking ground by 
moiling present special problems. 

Es^iinples of system 1: No 5 Tamarack shaft, Mich (18); 2 drilling and 2 mucking shifts per 
24 hr with minimum interference; the former dulled and blasted a center cut and one side, muckers 
first cleared the remaining bench, and then the side already blasted, second drilling shift, beginning 
in middle of the mucking shift, then drilled and blasted the remaining bench, ready for second 
mucking shift Central 3-compt shaft, North .Stai mine, Calif, day shift, 8 drillers, 1 mechanic, 

1 tool mppor, 1 hoistman, drilled round of 40 holes for 5-ft advance, removed extension skip gmdes, 
and blasted, afternoon shift, o muckers, 2 timbermen, 1 hoistman, lowered extension guides to 
bottom, loweied the sinking bulkhead and placed next set of timbers, wedged guides in place and 
mucked about 25 skiploads of 2 5 ton per load, night shift, 5 muckers, 1 hoistman, mucked same 
amount, rock was mucked into loading pans and handled to skip by air hoists, any delay on day 
shift meant loss of 24 hr Mi PiieR'.on shaft, Ducktown, Tenn, 8 .5 by 19 ft, deepened while 
in regular daytime service, hence the sinking routine, day shift underground, 4 timbermen, 1 hoist- 
man, on surface 1 hoistman, 1 laboier, kept timbering iMthin 20 ft of bottom, took do\^n loose 
ground and left bottom safe for mucking, afternoon shift underground, 4 muckers, 1 lander, 1 hoist- 
man, loaded 3')3 cu ft rock with 8-cu ft bucket, hoisted by 25-hp elec hoist, night shift undei ground, 
4 drillers, 1 hoistman, drilled and blasted half-round of 20-24 holes, total 140 ft, other half-round 
was drilled and blasted next night 

Examples of system 2 Paii^'T II shaft, Ironw’ood, Mich, sunk with 12 hammer drills in slate 
and giamte, a round of 50-r)3 holes was fired in 2 relays, as follows drilling entire round, 6 hr, blast- 
ing first relay, 2 hr, blownng out smoke, 1 5 hr, mucking first relay, 8 hr, blasting second relay, 
0 o hr, blowing smoke, 1 .3 hr, mucking second relay 0 hr This cycle, with timbering and bailing, 
overlapped the shifts, and the shaft ciew’s performed all functions as recjuired Advance per round 
9 ft (.'oppER MOLNTviN, li C, 3-compt shaft*, shift comprised 1 boss, 7 miners, 1 hoistman, 1 dump- 
ing bucket, 1 trammer, 18 iioles per 6-ft round Cycle as follows, cleaning and barring down, 1.2 
hi , mucking, 116 hr, picking and cleaning bottom, 1 1 hr, setting up and drilling, 4 9 hr, charging 
and blasting, 0 .3 hr, blowing smoke, 1 hr, placing shaft set, 4 hr, backfill behind sets, lagging and 
extending pipe lines, 2 .3 hi , lost time, 2 hr, total, 28 S hr See also Table 1 

Special cases Da^vis-D^ly air shaft, Putte (11) (.\rt 2), was raised simultaneously from 9 
level**, eacli laise required 2 miners and one man at a small hoist m the level Mi\mi No 5 shaft, 
Aiiz, was chiefly in fissured conglomerate, which retained powder fumes and w'as therefore moiled 
without blasting, 3 men using hammer dulls wuth bull-bits broke enough rock for 4 muckers; 
monthly adiance, 100 ft Wv Dyke No 1 .shaft (same district) traversed 760 ft of conglomerate, 
MOiLFiD as al>o\e with hammer drills and bull-bits, a V-cut 12 in deep was made across the shaft, 
then enlarged to a depth of 18 in and widtli sufficient to teceive bucket, 1 driller on each bench 
then loosened rook in “bites” 8 in wide, using tlie dull to piy toward the cut, 1 mucker follow'ed 
each drill 

Delays are due to: removing drills, etc from shaft Ixittom preparatory to blasting; 
clcaiing bottom of .smoke; dealing shaft walls and timbers of loose pieces of rock and 
securing bad ground aftei blasting; lowering timbers, which may be put in place dunng 
dt illing. 

Whore pumps arc usotl, the suction is removed from bottom and pump stopjied before 
lilasting, in very wet shafts, this may result in several feet of water accumulating at the 
tune of blast, wduch acts as a cushion to proteid. timber and pumps, and absorbs much of 
the jiowder smoke. This watci must be pumped or bailed before miners can go dow’ii. 

With 2 shifts per daj*, much of the above work may bo done betw’een shifts, there is 
also time to make up lor unusual delays. With 3 shifts, no such opportumty exists; 
speed 18 increased, but at slightly greater cost per ft than with 2 shifts. 

Bonus system lends itself leadily to shaft sinking, and in many cases has increased 
speed and reduced cost jier ft. Bonus is paid (as a percentage of wages or fixed sum) per 
ft of advance in excess of a given staiidaid; thus, at McPherson shaft (see above), men on 
drilling and mucking crews received $2 per ft of excess over a monthly aver advance of 2 ft 
per day. 

Safety precautions (3). No other operations should be earned on, nor tools nor 
material raised or lowered to or from other points in shaft, wdule men are at work in bottom, 
unless they are jirotected from falling mateiial by a well constructed timber penticb 
extending over nearly the entire area of shaft, w'ith closable openings for passage of buckets. 
In deepening a working shaft, an ample rock pentice should be left, or timber bulkhead 
built before sinking begins. 

Trap doors, normally in closed position, should be provided at collar to cover shaft 
opening, with added set of trap doors when dump point is above collar, to prevent pos- 
sibility of falling rock breaking through the collar doors. At Woodbury shaft every man 
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in the shaft was provided with a felt hat stiffened with resin and shellac; these are hard 
and will resist severe blows from fragments of falling rock. 

Buckets or skips should stop at least 15 ft above bottom, until runs down by shaft crew. Ladder- 
ways should be provided to within such distance from bottom as will prevent injury to them from 
blasting; from end of these, chain, wire rope or wooden extension ladders, should go to bottom of shaft 
to assure safety of men against failure of hoisting engine, fire or inrush of water. 

When elec hoists are used.^elec lights in shaft bottom advise sinkers of interruptions in ciii;rent 
In some districts the law provides that all blasting in shaft sinking shall be done by electricity. 


Table 1. Month’s Labor Record and Time Cycle, Creighton No 3 Shaft 



Max 

Min 

Aver 


Max 

Mm 

Aver 

Advance, ft 

164 

112 

136 

Drill shifts ... . 

308 3 

267 8 

294 7 

per drill shift 

0 54 

0 39 

0 46 

Hounds 

21 

16 

18 

per round . 

8 3 

7 0 

7 5 





Ft drilled 

7 671 

6 630 

6 993 


Percent of time 

per drill shift. . 

25 3 

21 7 

23 7 





Powder, lb 

12 800 

6 150 

9 719 

Drilling . 

34.6 

26 8 

29 0 

per ft advance 

114 3 

37 4 

71 4 

Blasting . . . 

13 1 

5.2 

7 1 

Tons rock hoisted 

6 200 

3 565 

4 358 

Blowing smoke. . 

5 8 

2 2 

3. 1 

per ft advance . . . 

37 8 

28 5 

31 9 

Shoveling 

57 5 

45 4 

50 7 

per shoveler shift . 

5 7 

3.4 

4.1 

Timbering. 

3 9 

2 2 

3.0 





Setting up drills 

6 4 

4 1 

4 8 





Miscel delays . 

5 1 

0 7 

2 3 


Man-shifts 


Man-shifts per ft 

Drillers 

513 6 

417 1 

475 5 


4 2 

2 9 

3 5 

helpers 

519 0 

416 3 

481 2 


4 1 

3 0 

3 5 

Shovelers 

1080 8 

983 5 

1053 6 


9 3 

6 6 

7 7 

Surface trammers . . . 

467 0 

338 0 

373 0 


3.2 

2 4 

2 7 

Shift boses 

111 0 

95 0 

103 7 


1.0 

0 6 

0 8 

Nippers 

93 0 

82 0 

86 I 


0 7 

0 6 

0 6 

Hoistmen 

93 0 

79 0 

88 5 


0 8 

0 6 

0 6 

Timbermen 

112 7 

76 9 

98 1 


1 0 

0 5 

0 7 


Creighton No 3 shaft, Canadian Copper Co, 6-compt, rock section 35 by 9 ft, inclined 55®; sunk 
with 12 Sl/g-in piston drills on 6 columns, 2 men per drill; powder, 40% Forcite, with elec delay- 
action fuses; little timbering required, crew drilled, mucked and timbered as required. 


5, DRILLING 

Drills used in shaft sinking are: hand-churn, dingle or double hammer, and piston or 
hammer machine drills. Hand-churn drill in the hands of energetic workmen may be 
advantageous in soft rock. Hole is usually started with hammer and dtill. More care 
must be taken in shaping the bit than for hammer dulling, and a low temper is desirable. 
Hand-hammer drilling is best applicable with low -priced unskilled labor. A large 
number of shallow holes, appiox 3-4 ft, are dulled per round. 

Advantages of hand work, (a) Saving in plant, especially in beginning small operations. 
(6) Flexibility in placing boles to take full advantage of peculiarities m the face, thus 
saving powder, (c) Use of lighter charges per hole than customaiy with machine-dnlled 
holes, with less shattering of shaft walls, less injmy to timbenrig and less ovei-bieakage 
(beyond desired rock section); therefore greater ease m setting timbci. {d) Effectiveness 
when blasting the bottom in benches, for which machine drilling is loss advantageous. 
This system lightens the buiden on each hole, thus saving powder, but mteifeies somewhat 
with mucking, especially when only one hoist is used, (e) Avoidance of delays incident to 
setting up drills and removing them before blasting. 

Hammer drills (Sec 15), which work best m down holes, ate almost always used for 
shaft sinking. Advantages; (a) flexibility m placing holes, almost equal to that of hand 
work; (b) effic with high-piiced labor; (c) rapidity of set-up and transfer from one set-up 
to another, as compared with piston dulls. 

Piston drills (Sec 15) were long used in heavy shaft work, and are best suited to a 
fixed plan of locating holes, though here as elsewhere they have been largely superseded by 
the hammer drill. 

Mounting. In rectangular shafts drills maybe on shaft bars, placed across the longer 
axis of shaft. Tripods are sometimes used in U S colliery practice, but are less iigid and 
more cumbersome than bars, and for rectangular shafts have little to recommend them; 
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Table 2. Examples of Drills and Bits Used in Sinking 


Mine 

Type of drill 



Bit length (ft) and gage (in) 



ft 

m 

ft 

in 

ft 

in 

ft 

in 

ft 

in 

No 261, Caretta, 
W Va 

Rotating hand- 
hammer 


13/8 


1 1/4 


l/l8 





Pim shaft, S E Mo 

Jackhammer. 

2 

17/8 

4 

1/34 

6 

15/8 

8 

11/2 



Macassa, Ont * 

Water-Ley ner 

21/2 

17/8 

41/2 

13/4 

61/2 

1 5/8 

81/2 

11/2 



“ t. 

“ “ 

2 

17/8 

31/2 

1 13/16 

5 

13/4 

61/2 

1 11/16 

8 1 / 2 ' 

1*5/8 

Matahambre, Cuba 

S-49 Ingersoll- 
Rand .... 

2 

2 

4 

13/4 

6 

15/8 

8 

11/2 



Vlakfontein No. 1, 
Band 

Hand drifters 

3 

2 

5 

17/8 

61/2 

1 3/4 

71/2 

15/8 

81/2 

1 1/2 


* Down to 2 000-ft depth. t Beyond 2 000 ft, harder rock. 


for circular or elliptical shafts they are preferable to bars, which are then harder to set up. 
In Europe sinking frames have been devised for circular shafts, on which drills are mounted 
so as to command entire shaft section. The frame with drills attached is raised to the 
surface before blasting (22). 

Machine drill repairs. The practice of overhauling machine drills at the shop after each round 
has resulted in very low repair costs at Pyne shaft (Birmingham, Ala, 1918-19), $1 14 per ft of shaft; 
at Pabst H shaft (Ironwood, Mich, 1917-19), $2 51 per machine-month, or 0 . 5 ^ per ft of hole. 


6. LOCATION AND DEPTH OF DRILL HOLES 

For max eflic of explosive (Sec 4, 5) drill holes are located so that most of them break 
to 2 free faces. One or more key or cut holes, drilled at an angle to the face, are blasted 
before the others, which are placed to utilize the additional face thus formed. In general, 
hand -drilled holes take advantage of rock cleavages, cracks and shape of face, rather than 
follow a rigid plan; the shaft bottom is then .sometimes carried m benches stepped upward 
on either side of the cut holes Machiiic-diilled holes are usually located bv a definite 
plan, which makes for systematic work, though it may sacrifice some economy in powder. 
If a shaft-bar is used, symmetrical location enables several holes to be drilled from one 
set-up (Sec 6, Ait 4). 

“V/' center or wedge cut is commonest In simplest form it consists of pairs of holes 
inclined so as to bottom close together, and forming 2 rows parallel to shorter axis of shaft. 



C ut for Shaft Sinking F ig 6. Double “ V " or \V edge Cut 

In Fig f), rows 1 are cut holes and aie blasted first; rows 2, 3 and 4 are then fired m order. 
Fig 0 shows a double V-cut for greater depth; in hard ground this may be supplemented 
by a few shallow vert holes along the center-line of the V; in soft ground one hole of each 
pair may bo drilled only to half depth. The cut is usually midway between shaft ends, 
though m large shafts some engineers place it near one end and fire the remaining holes in 
order, retreating toward the other end. This tends to throw the muck toward the cut and 
facilitates clearing the other end for the drills, which can resume work while the cut end is 
being mucked. Local conditions, as rock cleavages, reentrant angles, and position of 
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hoisting compartment, sometimes influence position of cut. Dynamite is most effective 
when pairs of cut holes meet at the bottom and are fired simultaneously. The angle of 
the V should be as great as good results permit. 

Pyramid cut composes a ring of holes inclined so as to bottom close together and blast 
out a sump in center of shaft. It is typical of circular shafts (Fig 7) , though applied also 
to rectangular shafts of approx equal axes (Fig 8; numbers show order of firing). Davis- 




Fig 8 Pyramid Cut for 
llectaugular Shaft 


Daly octagonal shaft (Art 2) was raised with a 4-hole pyramid cut at center and S corner 
holes per round. In small shafts and favorable lock one center hole may suffice to blast 
the sump. In any case the cut is blasted first, then side and corner holes in order. 


Wedge and pyramid cuts are sometimes combined by pointing the middle pairs of V holes toward 
a common center, the outlying V holes taking their usual position At Newport mine, Mich, a 4-m 
hole was drilled at shaft center with a heavy drill, 4.75-in starting bit, the hole (about 1 ft deeper than 




Fig 10. Bench Cut at McPherson Shaft 


the regular round) being left uncharged, to provide a free break for 8 surrounding pyramid-cut holes, 
4 on 9-m radias (instantaneous firing) and 4 alternately spaced on 18-m radius (first delay) 

Bench or stope cut is sometimes used in tight ground (Fig 9) The cut alternates from side to 
side of shaft, always leaving 2 more or less free faces and thus saving powdej- Broken rock is 
thrown, not upward as with wedge and pyramid cuts, but toward opposite end of shaft, with less risk 
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of damage to timber and pumps. The bottom is always lower at one end or the other, facilitating 
mucking and drainage. A modification, in McPherson shaft, Tenn, is shown in Fig 10; the holes 
in solid lines were drilled and blasted fijrst, then those shown dotted. 

Bottom cut, like that for tunnel work (Sec 6, Art 5), is sometimes useful for flat, inclined 
shafts (Fig 11). 

Depth of hole depends on type of drill, character of rock and shape and size of shaft. 
As holes are deepened, the width of V cut ('‘collar”) is increased, reducing the number of 
side holes and total footage per round; but to secure sufficient 
diam at bottom, holes 10 or 12 ft or more in depth reqmre very 
heavy drill steel, in lengths inconvenient to handle in the 
bucket. Usual depth of hand-drilled holes is 2-5 ft. With 
PISTON DRILLS, depth should be the max consistent with pow- 
der economy, to reduce percentage of time lost in setting up, 
and in hoisting and lowering dulls between rounds. For 
each case this max should be determined Ijy test; rqiiglily, 
depth of hole may be assumed at one-half, in soft rock three- 
fourths the width of shaft. Piactice of drilling deep holes 
and blasting them 2 or even 3 times is wasteful of powder 
unless, before charging, they are partly filled with sand or 
other easily removable material. With hammer drills, ease 
of set-up makes the factor of lost time less important, but 
the steel is smaller than that of reciiirocatmg dulls, and holes 
moie (luickly taper to a diam too small to hold enough powder for good lesults; max 
dei)th of hole then depends on ability of steel to keep its gage. 

At Woodbury .shaft, Mich, 10-ft ho!e.s were possible in .soft slate.s, but in granites and quartzites, 
vith 2 J/ 4 -in .starting bit, 8 ft was niaxinuim In very hard lock at Gordon shaft, Tenn, piston 
rnachinejs drilled 5 to 7-ft holes and made approx 5 ft advance per round, the hammer type drilled 
2 to 4-ft holes with approx 2 ft advance per round, but greater sinking speed 



Fig 11. Bottom Cut for 
Inchned Shaft 


7. EXPLOSIVES AND BLASTING 

Explosives (Sec 4). In American practice, 40% gelatin dynamite is generally used for 
sinking whore holes aie dulled by hand or reciprocating drills. For shallow rounds in 
easy giound, 30% may serve; for aver louuds in difficult ground, 50 or 60%; for deep 
rounds, 60 oi 80^o ii^ holes (used at Morenci to break an 8-ft round in easy ground), 
in some districts, 2 sticks of 60^ o are placed on bottom of hole, remainder 40% ; sometimes 
2 or more .sticks of ‘‘U)0%n gelatin” aie placed at the bottom On the Rand, 60-74% 
g(‘lignite has been used in recent sinkings Proper amount and stiength of charge should 
be found by trial. Where timbenrig must be earned close to the bottom, the higher 
strengths may damage timbei . a factor in propoi tioning charge and-depth of round. 


Table 3. Consumption of Explosive in Shaft Sinking. (ExaniiJes fiom practice) 





Gehitm 1 




Gelatin 

Hock sec, 
ft 





Bock sec, 
ft 





Dip 

Ground 


l.b per 

Dip 

Ground 


r.b per 




/V 

cu yd* 




% 

cu yd* 

9 X 7 

60“ 

hard 

40 

10 0 

8 X 21 

vert 

medium 

40 

5.3 

6X12 

73“ 

medium 

40 

6 2 

9 X 17 


varied 

40-60 

5.2 

9 X 17 

70° 

soft 

40 

5 3 

8 X 212/3 


medium 

50 

5 0 

10 X 20 

25“ 

hard 

40 

4.0 

71/6 X 16 


hard 

40, 60 

4.9 

13 1/2X14 

vert 

( hard, ) 

( fraot’d j 

50 

6.9 

7 X 17 

7 3/4 X 161/2 i 


firm, hard 
hard 

60 

40, 60 

4.5 

3.8 

7 2/3 X 19 1/3 

* * 

tough 

50 

6 7 

81/2 X 19 


sw'elhng 

35 

3,5 

8 X 17 

‘ ‘ 

medium 

40 

5 5 

17X24 



40, 50 

3.3 

7 X 17 

‘ ‘ 

sheared 

40 

5 5 

8 1/2 X 28 


slabby 

40 

2.6 

8 X 161/2 

* * 

firm 

40 

5 3 







* Solid measure. 


Table 3 indicates that consumption of explosive per cu yd tends to decrease with 
increasing size of shaft section, but depends chiefly on breaking characteristics of the rock. 

Blasting may be done with ordinary cap and fuse, elec fuse igniters or elec caps, pref- 
erably of the delay-action type (Sec 4, Art 10). In some districts the law requires elec 
firing in sinking. Firing a round of holes in proper order lightens the burden on all except 
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the cut holes and lessens danger of injury to timbering. For ordinary fuse, some 
engineers advise 2 equal lengths of fuse and 2 detonators in each hole. Fuse wound around 

2 properly placed nails or hooks and cut at one nail, 



with caps crimped on the severed ends, will show by 
the mark of the other nail where it should be cut and 
spit at blasting time. 

If shot-firers begin spitting (lighting fuse) at ends of 
the shaft, and work toward the middle, they finish near 
the bucket and avoid danger of stepping on lighted fuse 
and putting it out. This method involves cutting fuse to 
different lengths, because the cut holes aie then the last to 
be spit and should be the first to explode When spitting 
begins at the cut, fuses of uniform length insure proper 
order of firing, and if for any reason the entire round is not 
spit, at least the cut and neighboring holes will explode A 
time-keeper fuse, cut to burn out about 2 min before the 
first explosion is due, serves as a warning In wet shafts 
on the Rand, fuse is spit by torch, or “cheesa stick,” made 
by splitting blasting gelatin, wrapping it around a pine stick 
18 in long and coveting with clay The resulting fumes are 
absorbed by the water without bad effect. 

8. MUCKING 

Mucking, or loading broken rock into hoisting 
conveyance, occupies 40-60% of sinking time. 
Methods: (1) hand shoveling direct into bucket or 
skip, or (2) into loading pans, dumped into bucket or 
skip by mechanical means; (3) mechanical loading 
in laige shafts with scraper or (rarely) caterpillar 
shovel 

Hand shoveling loads 9-13 cu ft per man-hr 
(measured m place), depending on character of muck, 
conditions at shaft bottom and promptness of hoist- 
ing seiv'ice. Rock in 20 to 200-lb pieces can bo 
loaded by hand faster than an equal wt of fines can be 
shoveled. Shoveling in a shaft bottom is difficult, 
though when the 2 ends are blasted altei nately, it is 
facilitated by laving steel plates to leceive the muck 
in the end not lilasted. Empty bucket should always 
be ready at bottom, to avoid delays. In largo shafts, 
where moie shovelers are employed than can crowd 
around the bucket or skip, 2 compartments may be 
used for hoisting. 

Foi VKKTicAL SHAFTS, a buckot oi skip may bo 
suspended fiom bottom of sinking cage, which has 
long guide shoes to peimit lowering below the last set 
of timber. In othei cases, sinking crossheads (Sec 12) 
are used to prevent the bucket from swinging. Double 
cross-head (Marquette Range) comprises (a) upper 
head clamped to hoisting rope, (h) lower head loose 
on rope and resting on bucket; the latter is kept 
from lotating by 2 additional ropes extending from 
upper head through the lower head to the bail. Blocks 
at lower end of guides stop the lower head and 
release the catches that attach it to the bucket, 
which, with the upper head, then continues down 
until bucket is on bottom (6) . Skips loaded by hand 
are made low at the back, to reduce lift of shovel. 
Guide shoes are either long enough to engage lower 
ends of guides when skip is on bottom, or extension 


Fig 12. Use of Loading Pan for g'ndes are provided, which may reach 45-ft length 
Mucking (AIME, Tech Pub No 324) and are removed when blasting (Fig 12 shows 


special form at North Star mine, Calif, for offsetting 


skip to one side of bottom). For inclined shafts, buckets sliding on skids, or bus- 



SINKING IN A WORKING SHAFT 


7-11 


pended from a carriage running on a cableway, and skips running on regular track, 
are in general use. Temporary track, capable of being raised on blasting, reaches from 
end of timbering to shaft bottom. 

Loading pans (Fig 12) are shallow and 
open at one end or side to facilitate filling 
by shovel. For dumping into skip, they are 
lifted by 7 to 10-hp air hoist mounted on 
timbering above or on sinking stage. They 
are loaded while skip is being hoisted and 
lowered, and save time; at the Colorada 
shaft, Cananea, they increased sinking speed 
20 %. 

Scraper (Fig 13) is suited to long, 
narrow shaft section. At Champion mine, 

Mich, it first scraped the muck to the end 
opposite loading end; a slide was then 
clamped to a horiz bar across the shaft, 
the hinged apron of slide resting on the 
bucket, scraper was then reversed for 
loading, after which the hinged apron Fig 13 Scraper in Shaft Bottom, 

was turned back, scraper rope pulled Champion Mine, Mich 

aside and bucket hoisted. Two full 

scraper loads filled a 0.5-ton bucket m 20 sec; round trip of bucket, 2.5 min. In one 
case a small Butler shovel was used to muck the shaft bottom. 

9 . VENTILATION (See also Sec 14) 

While sinking, enough air must be delivered at shaft bottom to remove powder smoke 
and rock dust, and enable sinkers to work in reasonably pure atmosphere. 

Natural ventilation, set up automatically, may serve to great depths; in some cases, 
mechanical ventilation must be adopted at the outset. Some of the factors governing 
natural ventilation are character and temp of surface atmos, temp of strata penetrated, 
and amount of water falling in shaft. Natural ventilation may be aided in several ways. 
If a small portion of shaft area is partitioned ofT by a brattice, and this compartment 
cained up into the headframe by a chimney, difference of air head will cause circulation. 
Where steam sinking pumps are used, the waimth usually suffices to establish a rising 
current, a ^team jet directed upward from shaft bottom will accomplish same result. 

It often happens that, even with no brattice, the space 
around the steam pipes is upcast, while the opposite side 
is downcast. 

Fan or blower on surface, connected to a wooden or sheet-iron 
pipe 12-18 in di.nni, reaching close to shaft bottom, may be used 
to force doA^n fresh or exhaust foul air. A fan may be used to 
exhaust blasting fumes promptly, it is then reversed to supply 
fresh air If the pipe or chimney be of wood, the boards should 
be matched and painted to reduce leakage. 

\\ here compressed-air drills are used, the exhaust generally 
removes dust jind prevents vitiation of air. Powder smoke is 
readily blown out by opening the air valve at the bottom after 
blasting. Spraying water down the shaft facilitates clearing 
powder smoke. 

10, SINKING IN A WORKING SHAFT 

Working shafts are frequently deepened while regular 
mining operations arc being carried on above. Sinkers 
should be protected from fulling objects by a rock pentice 
(Fig 14); or by a heavy timber bulkhead, sometimes loaded 
with 10 or 15 ft of waste rock. 

Fig 11. Sinking Under Rock There are two gcneial methods; (a) rock is hoisted 
Pentice ilirect to surface through special sinking compartment; (jb) 

rock IS hoisted to the lowermost working level, by a small 
elec or com pressed -air hoist, w hence it is raised to surface by regular hoisting plant. Th* 
pentice may be left across entire shaft area, in which case a short incline must be sunk 
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from the level above before the shaft is widened to full section. If the pentice is left 
across bottom of hoisting compartments only, a small opening may be cut in line with the 
ladderway, through which sinkmg is carried on (Fig 14). In large shafts, special means of 
transferring muck from the small underground sinking hoist to mam hoisting system are 
common: m extending No 5 United Verde shaft, the shaft was first bulkheaded above the 
lowest existing level, then sunk full size for 20 ft, and 2 skip pockets of 70-ton capac exca- 
vated for muck; then a pentice was formed by sinking only the manway for the next 30 ft, 
after which the shaft was widened to full size, the bulkhead removed and regular sinking 
resumed. 


11. SHAFT RAISING 

When an additional opening is needed for existing workings, a shaft may be raised 
instead of sunk. This presupposes a final plan of underground connections between shaft 
and workings, because some or all of these connections must be driven before laising begins. 
Raising m moderate lifts is faster and cheaper than sinking, because it avoids mucking 
and pumping; but 200-300 ft lifts may be difficult and costly, involve ventilation troubles, 
and in some formations (as at Magma) lead to serious overbreak when raises are enlaiged 
to full section. It is chargeable with cost of tramming muck to the hoist (unless the muck 
is used for filling), but profits by lower cost of hoisting wuth permanent plant instead of a 
small, uneconomical sinking hoist. 

Methods. For speed, raising may proceed from several levels simultaneously. The 
raise may be made of the smallest section consistent with effic, and enlarged to full shaft 
section after holing through. If raising is done in sections, errors of alinement can be 
corrected while enlarging. Tempoiary timbeimg in the pilot raise may be pai tly salvaged. 
Shafts are also raised at full section, especially if made in only one lift. 

Shaft No 2, Harold Mine, Minn, was raised 90 ft at full rock section of 18 5 by 8 5 ft, using 
the shrinkage system (as in htoping) for .suppoit, except in 2 cribbed rnanwayb at shaft corners Nor- 
mal cycle: (a) wedge-cut in center and pyramid-cut over each manway, (?>) manways cribbed to 
within 3 or 4 ft of back and wedge-cut blasted, (c) remainder of 1 end drilled, its manway cribbed 
close to back and covered with rails and lagging, and the entire end blasted, (c) manway cleared 
for access and other end drilled and blasted Only enough muck was removed to pi ovule working 
space until, when excavation was complete, it was slowly drawn down to keep pace with permanent 
timbering (17) 

For its Pilares shaft, Moctezuma Copper Co drifted to line of shaft at the 1 600, 1 700 and 1 800 
levels and drove 4 by 7-ft pilot rai.ses on shaft center-line from the 1 600 and 1 800, the former 
holing through to the sump on the I 400, 167 ft above In each raise, shrinkage sloping to full 
section was started 20 ft above the bottom and earned up the full lift, the shaft was then timbered 
downward as in preceding example 


12. DESIGN OF GROUND SUPPORT 

Types of support: (a) timber, steel or pre-cast concrete frames (“sets”), or concrete 
rings poured in place, spaced at intervals with or without lagging; (h) continuous linings 
of brick, stone, C-I tubbing or concrete poured m place designed to exclude watei, as well 
as to resist ground pressure. In the U S, brick, stone and C-1 linings are raie, formerly, 
timbering was almost universal but concreting and steel framing are increasing in use 
Choice of support depends on ground and water conditions, shape of shaft and cost of 
materials. Timbering is increasingly costly and (unless proofed) involves fire hazard, in 
swelling ground it fails slowly and with ample warning. Steel sets aie often lagged with 
wood, thus incurnng some fire hazard. Both timber and steel framing ai o typically suited 
to rectangular sections. Concrete avoids fire hazard and when poured m plaee will fit 
any section; used chiefly in shafts of long, life, except where loose ground, or surface soil, 
requires close Iming in any case. In the U S, it is the usual material foi watertight limngs 
Design for strength. There are no exact rules for computing pressures. In very 
wet ground some engineers assume full hydrostatic head, but this assumption has been 
criticized afl too severe. Limng must withstand impact of a falling cage or skip, if hoisting 
rope breaks; otherwise it is proportioned by experience, allowing for bad ground or exces- 
sive wattr, which may increase the pressure. 

Anchorage to shaft walls. Continuous concrete linings are usually poured to the rock 
at many or all points, keying into the shaft walls. Tubbing, masonry linings, and all 
framed support require special anchorage, by moans of wedging cribs or bcaier sets, resting 
on hitches in the shaft walls at intervals of say 30-100 ft. 

Shaft collar is raised far enough above surrounding surface to exclude surface drainage 
and facilitate disposal of waste rock; on level ground it may be 15-20 ft high, inalosed by 
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waste fill. Incidentally, it often provides foundations for the headframe. When the 
collar IS m solid rock, framed support begins with a collab set, of heavy members extended 
on firm ground beyond the excavation; this is virtually the first beaier set, from which 
regular sets are hung by hanging bolts, until the next bearer is placed below. When the 
collar is raised above the surface, the collar set may rest at ground level on timbers or 
concrete piers, and carry the superstructure; or it may be supported on posts and bracing 
until waste has been dumped beneath it. 

In traversing soft overburden the shaft may be cribbed (Art 13), or preferably con- 
crete-lined. Concrete lining should he sealed in bedrock to exclude water, and timbering 
may be built up inside the lining or connected to guide Ixilts embedded in the concrete. 



Fig 15 Water King for 
Timbered Shaft 


In shallow overburden, a conical pit, dug to bedrock, 
facilitates building the collar; it is refilled when collar 
is in place. 

Water rings are placed at intervals in vert shafts to 
intercept falling water, which is then led to a sump and 
pumped to surface. A groove is cut around the shaft to 
a depth of 1 5 or 2 ft, on the edge of which a dam is made 
of timber embedded m (*lay or concrete, or of clay or 
concrete alone, to form a channel behind which water is 
collected and led thence to a sump. In timbered shafts. 



Fig 10 Water King for Conerete-hned Shaft 
(Mines Min) 


water is guided into the ring by short planks placed in an inclined position to intercept 
its fall (I'lg 15) In conciete-hned shafts (Fig Kb, the lings are placed behind the lining, 
watci being led to them by lines of tile pipe, placed vertically in or liehind the concrete; 
a small piojection on inside of lining serves to catch the water falling in shaft. The ring 
should have sufficient giade to the outlet pipe. 


Grouting behind a rontinuouH hniiiK is often elToctive in cheeking inflow of \\ater. For grouting 
in udviinee of sinking, see Hib 8. 


13. TIMBERING 


Cribbing consists of timber, loimd, heu 
against the shaft walls. In large shafts it i 
though in heavy ground it is sometimes 
earned to depth. Small shafts are often 
cribbed throughout. 

In .simplest, form cribbing is of undressed 
timber, eut to length but not framed, held m 
place skin to skin by vert strips nailed insido 
the otih corners, or plank is set edge to edge, 
with ends halved into each other, or cut square 
and held by nailed strips In close cRinniNu, 
timbers, skin to skin, aie framed as in Fig 17, 
18, 10, 20, where A — half the thickness of 
piece, that is, .4 “ 2/i In oven ciunniNci, .1 
exceeds half the thickness, and some space is 
left between crib timbers (Fig 19), that is, A is 
greater than 21} 

If ground permits, several feet of cribbing 
are placed at a time, each section being built 
up from a set wedged in place at bottom, other w 


u <ui 2 .sides or squared, built cril>-fashion 
s used chiefly m traversing soft oterbiirden, 



Fig 17, 18, 10, 20 Cribbing Joints 
ise, sots are placed singly a.s sinking proceeds. 


Vertical-shaft sets. Each set (Fig 21) comprises 2 wall plates and 2 end plates, 
respectively on the longer and shorter sides of shaft section, and 4 corner posts or 
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8TUDDLES, to preserve spacing and support the sets. All members are usually of same 
timber size. Compartments are separated by dividers (bun tons) , usually of same depth 
as plates, but narrower. Posts are also generally placed opposite the ends of each divider, 
of same size as the divider, or smaller. 

Guides are bolted to end plates and dividers, into which guide backing posts are some- 
times framed (16) just behind the guides, to stiffen and support them; or guide girts (16) 
may be framed into studdles between sets, like extra end plates or dividers. Sometimes 
space is provided for a 2 or 3-in filler between guide and end plate or divider; then, if the 
set is distorted by ground pressure, alinement of guides can be preserved by varying the 
thickness of filler. 

For shaft sets, sawed timber is preferable to round, in permitting more accurate framing 
of joints. Timber sizes: 6 by 6-in for small shafts in firm ground; to 14 by 14-in for large 



shafts in heavy ground; under aver conditions, 10 by 10-in plates are common Vert 
spacing of sets varies with character of ground, often in the same shaft; 6-7 ft clear is max 
for solid rock; 4-6 ft is usual; in bad ground, intervals are smaller. 

Details. For plates, tenons (horns) are 0.5 the thickness of piece Wall plates are always 
mortised in the upper half, end plates in the lower; whence the former cany the latter when assem- 
bled. A 1-in hole may be bored in center of tenon, with a 
wooden pin to hold plates together during assembly To bring 
wall and end plates in contact for their full depth, they are 
sometimes given a 45° bevel at base of each tenon (Fig 21), at 
Butte, tenons are shortened by 0 25-0 5 in, to assure full con- 
tact between beveled surfaces when sets are wedged in place 
Dividers are usually framed with a V-teiion at each end (Fig 
21), so that the wt of the piece tends to hold it in place Some- 
times only one side of tenon is sloped, the other side being vert 
Shoulders on either side of tenon provide bearing against the 
wall plate for its full depth If a long wall plate must be 
spliced, the splice is best made at the divider separating lad- 
derway from hoisting compartment (Fig 22) Posts are squared 
at the ends and brought to a true bearing on the plates Plates 
and dividers are usually gained to receive ends of posts, which 
thus resist side press. If gains are omitted, posts are blocked 
and wedged 

Framing must be accurate, to avoid cutting and trimming underground Accuracy 
is seci^red by using a timber-framing machine or carefully made template; or failing these, 
by first drawing a center line lengthwise on the best of the 4 faces of a timber and referring 
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all framing measurements to this line as a base. If no face is true, one may be trued for 
the purpose. The side on which base line is drawn should face inward after assembly . 

Hanging bolts (Fig 23) aie chiefly to facilitate assembly. A bolt consists of 2 dupli- 
cate parts; threaded ends are passed through the respective wall plates and secured by 
washers and nuts; the other 
ends are hooked to each other. 

For adjustment, the bolts 
are 3-4 in longer than re- 
quired by the exact spacing 
of sets when in final positum 
Diam of bolts varies from 
0 75 to 1.25 or 1 3 /g in. Large 
C-I washers prevent nuts 
from cutting into timber; 2 
or 3 bolts per wall plate are 
required, depending on length 
of plate. 

Assembly. Shaft bottom 23 Bearing Timbers (16) 

is earned as far as possible in 

advance of timbering, to minimize injury to timbers by blasting and permit timber 
and drill crews (if separate) to work simultaneously, under precautions for safety of the 
men below. 

Details. Temporary ptaging at proper height is placed across shaft section, hung from timbering 
above, or laid on special stulls, or blasting set (see below), if decked, in large work a sinking stage 
or platform (with opening for bucket) may hang constantly above the bottom, and serves for placing 
sets The right- or left-hand wall plate is lowered into horiz position on the staging, usually by 
timber dovis or rope shng ILuiging bolts having been put in both the new plate and the corre- 
sponding plate in set above, the hooks are engaged When both wall plates are in position, the end 
plates are put m, their tenons resting on tenons of w'ull plates (temporary wooden pins sometimes 
used) Dividers ami posts are then placed, and hanging bolts screwed up until the new set is in 
accurate position The set is blocked and w'edged against the rock walls until proper ahnement is 
secured Wedging is done'at corners and opposite ends of dividers. 

In bad ground timbering is earned close to bottom, tiinbermen sometimes standing on the muck 
pile If there is no room for swinging a long wall plate into horiz position under sets already placed, 
the plate is spliced, or diMdors are temporanlv omitted from the hist few sets; but since the tenon 
of a diNider extends under the post above, the divider can be placed subseiiuently only by cutting a 
recess in the post just above its base. This recess is later filled by a block spiked in place. 

Bearing sets, or bearers (Fig 23), placed at intervals of 50-100 ft of depth, furnish 
imchorage for the eiitiie shaft structuie and cairy its wt if the blocking and wedging of 
regular sets l>i*come loose Noimally, wc*dging should hold the regular sets as solid as 
bearers, but alternate wet and dry periods may loosen them. Bearers may be regular 
seta, with end plates extended and wedged into hitches in the shaft w'alls; or (preferably) 
extra timbers, of same breadth as plates but deeper as desired, hitched into the walls 
directly beneath certain timbers (usually end plates) of regular sets, which rest on them. 
In the lattci case, plates aie framed as usual, but the gam or dap on lower face of wall 
plate, instead of receiving top of post, now fits a similar gam in the l)earer, which is also 
gained on its lower face to receive top of post. With heavy timbering, or in ground where 
it is difficult to cut a reliable hitch, extia lx‘arers may be placed under the dividers. Some- 
times bearer and end plate or divider are bolted together. Bearers may possibly carry the 
full wt of timber to the next bearing set above, and if necessary are built 2 and even 3 
timbers deep. Instead of individual hitches, a continuous hitch may be cut all along the 
shaft wall to carry a sill (Fig 23), on which the bearers are seated and wedged. 

Lagging is necessary except in solid rock free from tendency to spall off. Materials: 
round poles placed skin to skm, saw’-mill slabs, or oi dinary 2-in plank; galvanized cor- 
rugated steel and buckled plates have been tried. 

tViiere ground permits, lagging is out to length.^ spanning 2 or more sets, and put behind wall and 
end plates after several sets have been placed If each set must be lagged as soon as placed, 2 by 2-m 
LAOCJINO STRIPS (Fig 21) are nailed to outer faces of plates, and lagging in single lengths is placed 
with ends abutting on these strips Space between lagging and shaft walls is packed with filling to 
prevents walla from "starting” Cleats may be spiked to upper and lower faces of plates, and 
lagging placed behind these cleats, standing between instead of behind the seta. Cleats facilitate 
renewal of lagging, but are structurally weak and unfit for heavy ground. 

Vertical-shaft alinement of timbering. Shaft sets are first alined roughly with a 
straight-edge placed on inside faces of 2 sets above; final alinement is by at least 2 plumb 
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lines, set by permanent reference points in timbering above. Vert marks are made in 
selected places on timbers by saw or scratch awl, and, by carpenter’s square and wedging, 
the marks are brought into same vert plane as the plumb line. Blocks are sometimes used 
as gages where lines are hung near shaft corners. 

In timbering a large Mich shaft, one pair of plumb lines was hung 3 in from wall plates on the 
shorter center line of shaft, and another pair 3 in from end plates on a line parallel to long center 
line, but 6 in to one side of it, to prevent interference with guides After the 4 corners had been 
blocked, a honz line touching second pair of plumb lines was stretched lengthwise of shaft and just 
above the dividers, measurements were taken to midpoint of divideis, and wedges driven opposite 
divider ends to aline them. 


Inclined-shaft timbering. Where hanging wall requires no special support, single 
posts or Stulls are used as needed, with toe set in footwall hitch and the head wedged against 
a head board on hanging wall. Stringers or cross ties are always added to support skip 
track, pipes and ladders. Where hanging wall tends to spall, but sides are firm, honz 
timbers are set close to roof and hitched into sidewalls; for long spans, they may be sup- 
ported at midpoints by posts between compts. Where both hanging wall and sides are 
weak, or both require lagging, 3-piece tunnel sets are used (Sec 6). Compartments are 
formed by placing additional posts as required. Where footwall is bad, the 4:-piece tunnel 
set is sometimes used. 

In heavy ground, inclined shafts are timbered like vert shafts, with sets placed approx 
normal to dip of shaft. If end plates are inclined more steeply than the true normal, movc- 

‘ ment of hanging wall along the dip wedges them 
more tightly in place; in general (9), head of 
plate may be raised above normal position 
^8-1/4 in (30°-45° dips), or 1/4-3 /g in (50^-75° 
dips), per ft of plate length. For dips greater 
than 70°“75°, framing differs from that of vert- 
shaft sets. Cap and sill (coi responding to wall 
plates) usually extend beyond end plates, w'hioh 
may be framed with V-tenons (Fig 24) or, if 
studdles are used, with square tenons, end plates 
are thus held in position during blocking and 
wedging. For strength, cap is often of deeper 
section than sill. Cap, sill and end plates may 
be gained or mortised to receive s(iuaie ends or 
tenons of studdles, which m a flat shaft are lightly 
loaded and small. A collar set and bearers are 
used, the latter generally spaced at longer mtoi- 
vals than in vert shafts. Hanging bolts are used 
only for steep dips. 

Inclined-shaft alinement of timbering. Azi- 
muth and dip of an existing shaft are found by 
setting a transit at shaft collar and sighting a 
target at the bottom (or some inter mediate) set, 
with target and telescope offset at fixed distances 
New timbering is often alined with spirit level, carpenter’s 



Fig 24. Inclined-shaft Timbering 
(after Truscott) 


from sill and end plate, 
square, plumb line and straight edge, checked every few days by transit. 


In each cap and sill, before assembly, a tack is driven at the same relative point, then, tacks 
on the new sill, the sill last preceding, and a third several sets above, are alined with a stretched 
string, the new sill being wedged to alinement and leveled with spirit level For tlie cap a second 
string is stretched as befoie, with plumb line attached at the last preceding set; the cap is wedged 
until plumb line touches the sill string Dip is maintained with stiaight edge, which should span 3 
seta and is often triangular, with its top horiz when the bearing edge is at required dip To aline 
new timbering with transit, the instrument is set over or under a tack some distance above, back- 
sighted for azimuth and sighted on new timber, which is shifted by wedging until its tack is cut by 
the vert cross-hair Telescope is then set at established dip, its height measured and slant height to 
plane of sills calculated; target of leveling rod is set at this slant height, the rod grounded on the 
new sill and rested against new cap (thus lying normal to line of sight), and the set wedged up or 
down until the horiz cross-hair bisects target Corners of set are then tested with square, and sill 
with spirit level, corrected if necessary, and again checked by transit In deep shafts this method 
permits slight errors in the compt farthest from transit, hence, a set-up is made and tacks driven 
in the end hoisting compt, usually 1-2 ft from shoulder of cap or sill, errors being thrown to ladder- 
way. Steep dips require an auxiliary telescope; the tnpod is often replaced by a bracket screwed to 
timbers, or by a stretcher bar (Sec 18, Art 3). 
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Swelling ground is difEcult to hold unless provision is made for cutting away pro- 
truding rock and easing the timbering. This is best done, without interrupting hoisting, 
by making the shaft opening large enough to allow a 2.5 to 3-ft space outside of the shaft 
sets. Auxiliary or jacket sets (16) are then placed and wedged around the regular sets. 
Floors may be laid on jacket seta and lagging placed outside of them in the usual way; 
occasionally, regular sets are also boxed in with plank. In the space thus provided, work 
of easing timbers proceeds as required. 

Cylindrical shafts may be lined during sinking by lagging driven behind wooden or 
steel rings placed at vert intervals of 4-6 ft (23), which in turn are kept in place by wood or 
steel distance pieces. Steel plates are also used. Such linings afford temporary support 
before placing permanent metal or masonry lining. 

Timber preservatives are sometimes used to combat decay and fire hazard Timber for an 
Alaskan shaft was pressure-treated with zinc chloride against decay; specified retention, 1 lb dry 
chloride per cu ft of wood. Timber for the Capote shaft, Cananea, was treated against decay and 
fire hazard with a hot solution of 27% tnolith (00% NaF, 6-7Vo potassium or sodium bichromate, 
and phenol) and 73% sea salt; max temp in treating tank, 100-200° F, wood preheated for 12 hr, and 
soaked in solution 24 hr. Timber may be fireproofed by coating with guiute; for details (Tramway 
shaft), sec Art 16. 

Protection during blasting is required when timbering must be carried within 20-30 ft 
of shaft bottom. Logs swung by loops of chain close under timbers of lowest set are often 
enough For Ijctter protection, a bi^stino set is hung below the lowest shaft set and 
lowered as needed, e g by chain blocks; it may be of green timber, sometimes half-round, 
or (at Macassa mine, Ont) S-iii channels, fiamed to match the shaft sets in plan. At 
Copper Mountain, B C, a blasting set of H-beanis w’as used, open in center compt, covered 
over end compts with 2 thicknesses of ^/g-m punched plate. For blasting set at North 
Star mine, Calif, see Fig 12; end compts solidly covered, center compt with non door. 


14. STEEL SHAFT-SETS 


Steel sets are of structural shapes, arranged and named like the members of timber 
sets. Shapes aie selected that furnish convemeiit iiveted or bolted connections (Fig 25). 

Wall and end plates act as beams 
under lateral jiress, and as columns 
under axial pi ess of giouud. Norrn.iily, 
dnideisiii vcit shafts act as columns, 
but m moving giound, or inclines 
subject to ciecj) of hanging wall, they 
ma}' also resist bending, due to ngid 
connection Posts act as eolurnns, 
uiiless distortion of shaft support pro- 
duces bending stiess Plates and 
divideis must theiefoie have lela- 
ti\ely huge least ladn of gyration 
(See 13, Art 2S), and for hear v duty 
aie often H-beanis, jihieed with flanges 
vei t foi max rc'sistanee to lateral 
giound pi ess. Angle posts peimit 
easy eonrieetion (Fig 25) and eliminate 
permanent hanging liolts. l-l>eams 
are common for bearers. Steel cross 
ties, and 'F-iails alone or reinforced 
bv angles, have been used as plates, 

I-beams, paired channels and Z-bars 
as buntons, and lails as posts wdiere 
wt of shaft framing is earned by low er 
bearers. (Jomposito sections involve 
a shop cost that single shapes avoid. 

Guides are often of wood, though 

steel has l>een used, cast -steel racks, sometimes Ixilted on steel guides to engage safety 
dogs, seem of doubtful value, as they must function under heavy impact. If size of 
compartments and space under the previous set permit, a steel set is framed at surface 
and lowered intact; otherwise it is shop-nveted in parts and assembled underground, 
with bolted connections. Chain blocks are used to swing the framing into place. 



Fig 25. Steel Timbering for 5-compartment Shaft 
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Preservation. Shaft steel may be painted with a mixture of 8 parts coal tar, 1 kerosene 
and 1 Portland cement, applied hot to cleaned surface. Steel has been coated with gunite 
(Art 15) ; first cleaned and covered with chicken wire for reinforcement. Trough ed shapes, 
as H- and I-beams, placed with flanges vert, should be concrete-filled between upper 
flanges, to prevent collection of water. 


15. CONCRETE FRAMING AND LINING 

Concrete may be pre-cast above ground in reinforced members like those of a timber 
set and similarly put in place; or poured underground in a succession of rings around the 
shaft (with bare rock between) virtually as monolithic sets; or poured in a continuous 
lining; or used in the form of pre-cast blocks for wallmg. Linings poured underground 
or walled are equipped with wood, steel, or pre-cast or monolithic concrete dividers. 
Gunite, or sand concrete applied by air jet, is used as protective coating on timber and 
steel (Art 14), and even as shaft lining in firm ground. 

Pre-cast shaft sets, with members corresponding to those of timber sets, have been 
successfully used in both vert and inclined shafts. 
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Fig 26. Reinforced-concrete Shaft Sets (34) 


Oliver Iron Mining Co, Mich, used a 1 : 2”: 3 mixture, poured wet, in molding sets for vert 
shafts; Ahmeek Mining Co, Mioh, a 1 ; 3 : 6 mixture for plates and dividers, and 1:2*4 mixture 
for studdles of an 80° inclined shaft. After removing forms, members were allowed to harden 
for several weeks before placing. Reinforced concrete slabs, of a 1 : 2 3 or 1 : 2 : 4 mixture, were 

molded for lining between successive sets and as partitions between compartments Where used as 
lagging between sets, the slabs generally rest on offsets on the plates, space between slabs and rock 
walls being filled with broken rock or other material. Slabs used as compt partitions may be bolted 
to dividers 

After blocking a set into alinement, it is sometimes bonded to the rock by placing a wooden 
bottom and filling around the set with fresh concrete, thus approaching the ring method Members 
may be molded with reinforcement protruding from ends or outer faces, to be embedded in the fresh 
concrete bond; Fig 26 shows stirrups of web reinforcement (Sec 43, Art 14), protruding thus from 
wall plates. Holes are cored for assembling and hanging bolts. Due to their wt, concrete sets 
require more labor for assembly than timber sets, and long wall plates may be cast in 2 or more 
sections. 

In a 3-oompt shaft of Ahrneek mine (20), concrete sets (Fig 26) replaced 12 by 12-in timbers. 
Costs (prewar) per set delivered at shaft mouth: timber, $37 60. concrete, $22 50 Unit costs: 
timber, $28 per M; crushed stone, 35^ per cu yd; sand, 60^ per cu yd, cement, $1 15 per bbl, rein- 
forcement, $12 per shaft set 7 men placed 1 set per 9-hr shift. At American shaft, Zaruma, 
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Ecuador, with cement at $2.85 per 94-lb sack and reinforcing (0 5-in deformed bars) at 4.5jJ per lb, 
coat of casting 2-compt set (reported 1925) was $15; 3-compt, $22. Cost per ft of shaft, including 
removal of old timber: labor, $23.57, supplies, $34.09; members were placed orib-fashion, 6 in apart. 

Ring method provides monolithic concrete lining in horiz bands, separated by intervals 
of bare rock. In the cylindrical City Deep shaft, Rand, rings 18 in high at 10-ft intervals 
furnish entire support in firm rock 
and serve as anchorage for con- 
tinuous brick or concrete lining in 
heavier ground ; each ring is bonded 
with 20 steel pins sunk in the 
rock. 


A square shaft at Jerome, Ariz, 13 
by 13 ft in clear section, was continu- 
ously lined for 1 550 ft and ringed for 
450 ft below Rings 30 in high on 6-ft 
centers were each reinforced with 
5 3/4-in horiz and 10 ^/g-in vert bars, 
spot- welded at shop Bottom form was 
a wooden sill with projecting pieces of 
ship-lap shaped to rock prohle, forms 
for inner face w'ere of steel, well braced 
Concrete was poured to rock, not less 
than 8 in thick I-beam and channel 
dividers (flanges up) and angle attach- 
ments for wooden guides completed 
the “set ’’ Costs (1925), Table 4. 

Continuous lining is combined with dividers of various types (5) . Partition walls may 
be cast with the lining; they have openings at intervals to relieve suction of passing cage 
or skip, arc equipped for attachment of guides, and designed for impact due to possible 
breakage of rope. Walls may he thinner if carried at intervals on steel beams. Dividers 
of steel, timber or pre-cast concrete are common. If seated with ends eml>edded in the 
lining, they are difficult to replace, whence, hitches are often cored for them, or they are 
supported on short lengths of steel l>eam embedded in the concrete; in either case they are 
bolted in place. If used to support guides, pre-cast concrete dividers are reinforced against 
impact and vibration. 

Reinforcement of lining may be of standard structural design (Sec 43), or of old drill 
steel, rails or hoisting rope. Inward pressure causes compression in a circular lining, but 
may induce tension at inner face of a rectangular or flat oval lining; where lining of any 
form IS exposed to local thrust, the principal factor is apt to be shear. Steel rope, resist- 
ance of which is purely tensile, tliiis finds its max value as horiz reinforcement near the 
inner face of a flat w’all, but due to stretch, may not take full tension until adjacent con- 
crete has begun to fail. Reinforcing bais are preferable. 

In main portion of auxiliary shaft, Gallup American Coal Co, N M, 25 by 10 ft clear, horis 
reinforcement comprLsed 0 75-m round bars, 10 5 and 18 5 ft long (2 ft lap) on sides, spaced on 9-in 
centers, and 12 5 ft long on ends, spaced 12 in apart Vert reinforcement, 0 5-m round bars 14 ft 
long, spaced 24 in apart and lapped 2 ft Tloiiz end and all vert bars placed alternately near inner 
and outer faces of wall. In concreted portion of a hoisting shaft of Lake Superior ('oal Co, W Va, 
reinforcement comprised 0 75-iu square coirugated bars, spaced 6 m apart when laid horiz and 24 in, 
apait when placed vert. 

Anchorage of lining poured to rook depends on skin friction, aided by leaving points of 
rock projecting into the concrete. This is usual practice, but linings have also been formed 
ill the clear and anchored only at intervals. 

In traversing a shear zone, 200 ft of the Barron shaft, Pachuca, Mex, were concrete-lined to 
elliptical section, with axes 14 and 10 ft in.side lining The lowest 9 ft were poured to rook as a base; 
106 ft higher a second base was cast, 3 ft high, and 41 ft above this a third, 5 ft high, between these 
bases, and for 35 ft above the third, lining was formed clear of the rock and intervening space back- 
filled. The last 3.5-ft lift joined a rectangular section above In the rectangular Chief Consolidated 
shaft, Utah, in heavy ground, a lining 8 in thick was formed lu the clear for 1950 ft of depth, with a 
RING poured to rook every 10 ft and a heavy reinforced bearer-section deeply hitched every 100 ft. 

Details. Mixtures range from 1 : 2 : 4 to 1:3:0. Wall thicknesses are 8-18 in. 
Before concrete is placed, flows of water should be stopped by grouting or vented through 
pipes laid in the forms, to prevent separation of cement and aggregates. 


Table 4. Cost of Ring Method of Lining 



Per ft of depth 


Exca- 

Con- 


For rings: 

vation 

creting 

Total 

Labor 

$52.07 

$ 16 60 

$ 68 67 

Supplies 

7 68 

26.51 

34 19 

Explosives . . 

8.47 


8.47 

Comp air . 

2.08 


2.08 

Shop work. 

0 26 

5.90 

6 16 

Repairs . . 

6.55 


6.55 

Engineering . 


1 05 

1 05 

Miscellaneous. 


0 05 

0 05 

Total . 

$77 11 

$ 50 11 

$127 22 

Continuous hmng 

68. 17 

146.84 

215 01 

Saving by ring method, per 

ft. 

$ 87 79 

Per cu yd of concrete. 



Ring method (mix 1:2:4) . 


$61.39 

Continuous limng (mix I 3 : 

5) 

58 80 
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Mixing and placing. Concreting is best carried upward from below, although in a 
deep shaft, it may proceed in several horizons at once, to allow time for setting without 
delaying the crew. 

On small jobs, the mixer may be located in nearest underground level; on large work it is usually 
at or near the surface, and if located a few feet below level of supply, can receive raw materials by 
chute, with convenient use of measuring-hoppers Batches are delivered to the forms by cage or 
bucket, or by piping In one case a hopper car was used, discharging through the cage floor into a 
short telescoping pipe erected at the forms, buckets may deliver to forms direct. In many large 
shafts concrete has been piped from mixer directly to place In the 380-ft Songo shaft, Birmingham, 
Ala, a 4-in pipe without gaskets delivered into a 5-in Y, with bottom plugged and a branch discharg- 
ing to forms through sectional spouts of 18-gage iron, concrete was thus placed for $3 less per ou yd 
than in the nearby Pyne shaft, where a bucket was used The 5-compt Sacramento shaft (36), 
Bisbee, Ariz, was lined 1645 ft during time spared from hoisting, a mixer in the end service compt 
discharged into a 4-ia column, composed of 10-ft lengths with flanges carefully faced, to reach 
farthest skip compt, an expanding elbow was inserted at pouring level and connected to a 6-in honz 
pipe, which discharged through a 45° malleable elbow into 1 length of 8-in galv-iron pipe leading to 
the forms Compressed air was admitted at back of expanding elbow to blow concrete through the 
horiz pipe 67 lengths of 4-in column and 6 C-I elbows required renewal during the work 

Cyprus Mines concreted a circular shaft, 14 75-ft inside diam, working dowmwaid A steel 
bulkhead, of diam 6 in greater, floored with wood and provided with door for bucket, was hung below 
lining by four 5-ton chain blocks, a 175-in angle, rolled to 13 75-ft diam, was bolted through 
washers to the deck, with 1,5-in clearance between, through which 1-in boards were extended to rock 
and wedged in place, as a base for concrete, the bulkhead being centered by 3 radial arms sliding in 
guides. Forms of flanged corrugated steel, 16 in high, in 36-in sections, were bolted in place, after 
which the bulkhead was pulled up snug; usually 3 tiers of forms were placed and poured at once, 
with steel shaft dividers placed in the middle tier of every alternate pour; concrete was piped from 
Burface, mucking proceeded during concreting. 

Forms are of wood or steel, 2 5-12 ft high; aver about 5 ft. If greased, they are easier 
to strip, and leave better suiface. On large jobs, and where curtain walls aie cast with 
the lining, standardized steel forma save time; they are made m sections, each sometimes 
comprising several hinged parts, and designed for rapid assembly. 

At the Sacramento shaft (36), steel forms 5 ft 9 in high were used for a 5-ft course* bolts were 
embedded near upper edge of each course to engage holes along lowei edges of forms when latter w'ere 
placed for next course above, thus securing almement and holding forms against pres.suie of wet 
concrete Steel forms are much used for circular and elliptical linings If the shaft is timbered 
for safety while sinking, the lagging may serv'e as the inside forms. 

Gunite (21) is sand concrete applied by a “gun,” which pipes the dry materials under 
air press to a movable nozzle, where water is added and the resulting paste sprayed in 
place as a thin coating. Uses: to preseive timbei and steel (Art 12, 13), to hieproof 
timber, to prevent air slacking of rock, and as .shaft lining m firm ground. Suiface to be 
coated is thoroughly cleaned; to secure bond, timber and steel aie covered with wiie mesh, 
and timber may be wet before coating. Mixtures vary from 1 2 5 to 1 5 at the gun, 
but are enriched during placing, due to rebound of the saml, 1 : 3 mixture at the gun 
becomes 1 : 2.5 in place. One bag of cement yields 32 sij ft of 1 : 4.5, or 22 sq ft of 1 : 3 
nominal mixture, 1 in thick m place; 0.6 cu yd of coating reijuires about 1 cu yd of mate- 
rials. The 1 ; 2.5 nominal mixture is used to w’aterproof , its ultimate compressive strength 
18 4 500, that of 1 : 3 mixture is 4 000 lb per sq in. Cement should be screened, sand 
should be clean, not over 0.25-in size, and not quite dry. Usual sizes of gun reiiuiie 
110-225 cu ft free air per min at 40-75 lb press; the an should be dry. 

Tramway shaft, Butte, was fireproofed by coating to 2 000-ft depth; lagging was removed 
just above and below each level and coating carried to rock, thus scaling the timber in a 
series of air-tight sections; timber was covered with 27-gage diamond-mesh rnotal lath 
and wet just before coating. Mixture 1 : 3, applied in two 0.25-in layers; teats showed 
that keeping the coat damp for several days prevented shelling off under beat 4 men 
with gun coated 100-150 sq ft per hr; 100 sq ft required 3.5 sacks cement, 0 K5 ton sand, 
94 sq ft lath, 1.6 lb staples and nails, and 23 man-hr m all (3.0 for lathing, 2.7-4 for coating). 

In 1918, 900 ft of colliery slope, including timbers, w'ere coated with 0 5 in gunite, at $3 09 per ft; 
100 sq ft required 1 67 sacks cement, 5 sacks sand and 2 4 man-hr (shaft and compr^s-ior crew only). 
In Cary A shaft, Wis, steel sets and wood lagging were covered for 263 ft of depth wnth meshed 
reinforcement and coated 1.5 in thick, in 1 to 3 layers, total cost, $13 60 per 100 sq ft, requiring 3 8 
sacks cement, 0 6 cu yd sand and 1 24 man-days labor, 1 foreman and 6 men coated 14 260 sq ft of 
wall and 3 750 sq ft of steel in 32 working days A hoisting shaft of Lake Superior Coal Go, W \'a, 
was lined for 185 ft with reinforced gunite Gunite rings 10 in thick, were made every 10 ft 
and reinforced with bars 12 in apart grouted into holes in the rock, in shattered ground heavy 
concrete brackets wore substituted for gunite rings Between rings (or brackets) gunite walls were 
3 in thick; mixture, 1 : 3. Gunite also used as facing for 55 ft of ordinary concrete lining. 
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Concrete-block walling, used chiefly m Europe, is adapted to circular shafts. Except 
for shallow depths, it is divided into lifts, each built on its own curb ring, best made of 
concrete poured to rock as in the ring method. Blocks are segmental, from 6 m thick, 9 in 
high, 12 in long on outer face, of 1 . 2 : 4 mixture (6), to 3.2 in thick, 30 in high and about 
36 in long, as in a circular shaft at Charleroi, Belgium. The blocks were dowelled for aline- 
ment and reinforced; after placement, rods were passed thi'ough ring bolts protrudmg 
from the outer face, and bonded in the concrete backing; mixture, 1:1 : 2. An inter- 
locking reinforced block in Z-form has been used in Belgium. Walling is built clear of the 
rock, and space behind filled with concrete. 

16. MASONRY LINING 

In Europe, circular shafts in dry or moderately wet ground are often lined with hard- 
burned brick or cut stone, laid in lime mortar or, in wet ground, cement mortar. Brick 
and stone are preferably shaped to the required curve, though for diams over 12 or 14 ft, 
ordinary brick may be used. Lining is backfilled with clay, sand, cinder or other fill, 
rammed in place. Large volumes of water, not too great for pumping, are excluded by 
COFFEHINO, which in simplest form consists of brick laid in cement and carefully back- 
filled, or moie elaboiately of concentric walls, up to 8 in number, filled between with clay 
or concrete; both honz and vert joints are bioken. For concrete block lining, see Art 15. 

Anchorage is provided at intervals by a C-I 
WALLING CRIB (Fig 27), which IS cast in Segments, 
usually 8 to the circle, wedged or bolted together 
on a continuous hitch cut m the rock and dressed 
level. Ring is made WLatoi tight by fir sheathing 
driven into the joints. 

Placement. Shaft is sunk with temporary 
wood lining (Art 13) to firm rock, and a walling 
crib placed, on which the wall is built to surface 
fiorn a stage hung m the shaft. Coirect curva- 
ture is maintained by wooden templates, and alinement by plumb lines. On resuming 
sinking, a shelf of rock is left under the cub until wall has been brought up from next 
crib below. The shelf is then cut away a little at a time and leplaced by walling, 
using temporaiy props for cub above For coffering, w'edging cribs 
like those used m tubbing (Art 17) may bo employed. Walling cribs 
are sometimes of wood, and in fiim giound may be omitted, masonry 
resting duectly on rock. 

Walls (single) are u.sually 9-lS in thick; coffering may be designed 
(23) for Iiydiostatic head, and is thicker. Water rings (garlands) are 
of wood or C-I, often cast integrally with walling ciibs (Fig 27). At 
each ling, lining may be gradually offset as in Fig 28, to leave shaft 
area clear. AVeep holes are left in the masonry; in coffeiing these 
may be lined with wood or C-I plug boxes, sealed Mhen masonry is 
completed 

Cost. For diam of 18-21 ft, Redma 3 ’ne (22) in 1925 estimated 
cost of sinking and lining, excluding wall material, at $3 25 per ft of 
diam per ft of depth; for diam less than 18 ft, slightly less; for labor 
only, $1.65 per ft diam per ft of depth. In England before 1915, 
a walling crib cost $2r)-$5(); ordinary brick lining per ft of depth, 
75fi-$l per ft of diam, with brick approx $5 per M ; coffering in one 
shaft 18 ft diam cost $33 per ft; another, 16 ft in diiun, $17 per ft. 

17. TUBBING 

Tubbing is a watertight lining of C-I rings for circular shafts, used in very wet rock 
formation uiuioilaid by an impervious stratum, to wliich lining can be sealed above 
mineral deposit. Vol of water must not bo too great to be pumped during sinking. 

Rings are cast to shaft radius in flanged segments approx 4.5 ft long. If D = shaft 
diam (ft), P = hydrostatic head (ft), measured to outcrop of w'ater-l>earing strata (which 
may bo above shaft collar), then thickness (m) of w^eb or flange = V^P(0 05/) 0.125) Hr 

14.14, minimum 0.5 in; width of flange (in) = -j" Ifi) 35.09, increased to nearest 

in or half-m above; minimum up to 10-ft diani == 0.684\/P; after Lupton (26). Acid 
water calls for extra thickness. 



28. Walling 
Crib and Water 
King in Place 



Fig 27. Walling Crib and Water Ring 
Combined 
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Flanges may project inward or outward; if inward, they are faced by machine and 
bolted together with lead gaskets (segments 18-36 in high); outside-flange segments 
(30-60 in high) are rough castings wedged against the rock, with pine or lead gaskets in 
the joints. Inside-flange tubbing is the stronger and avoids stress due to wedging, but 
being bolted, may incur abnormal stress in shifting ground due to its rigidity. Space 
between tubbing and rock is best concreted. A cored hole in each segment aids handling 
and vents water during placement. 

Placement. Anchorage and sealing against water are provided by wedging cribs 
(usually ring castings, Fig 29) projecting outside the lining and seated in a continuous 
groove around the shaft. The seat is dressed level and covered with pine sheathing 
(0.5-0.75 in thick) and tarred flannel, or with fresh concrete; on this the crib segments are 
assembled, with pine or tarred flannel gaskets. Between crib and rock, small pieces of 
oak are placed and packed with dry moss, into which wooden wedges are 
driven ; finally chisels are used to open the way for more wedges until 
no more can be driven, the crib having been propped down against the 
wedging until secured by wt of lining. Placing then jirocceds upward; 
except with suspended tubbing, hung from crib above, and used where 
ground requires support close to bottom. Air or gas trapped behind the 
lining may exert abnormal pressure and is earned past the sealed enb 
through by-pass pipes; or better, vented through a check valve in the 
crib itself, finally escaping at top of tubbing. Wedging cribs are usually 
30-75 ft apart, or wherever rock affords an effective seal. In sinking 
by freezing (Sec 8), with no room outside shaft circle for hitches, tubbing 
has been anchored by a few rings with deeply corrugated outer faces, 
concreted in place. 

Costs in England before 1915 were $40-$100 per ft of depth, in- 
stalled; castings, $25-$35 per ton ; placing, $6-$10 per ton. Costs per 
ft for a 14-ft shaft: 0.75-in tubbing, $44; placing, $5; gaskets, wedges, etc, $2. Prepar- 
ing seat and placing wedging crib, $200. Costs are now approx twice the above (22) . 



Fig 29. Wedging 
Crib and Outside- 
flange Tubbing 


18. KIND-CHAUDRON PROCESS (2,25,27) 

Conditions for use are as for tubbing (Art 17), but with inflow of water too great to bo 
pumped during sinking. Such conditions are rare in the U S, but common m Europe. 

Method. The shaft is excavated under water, by massive drop tools, called trepans, 
the method being an extension of the rod system of boring (Sec 9). The water stands at 
its natural level until the work is finished. A small shaft may be bored first and enlarged 
to full diam, or the full section bored m one operation. On completing boring, the Ixittom 
is cleaned with a special tool, and the lining (inside-flange tubbing, Art 17) is put together 
at the shaft mouth and lowered as rings are added. The lowest ring is the moss-box 
(see below), specially designed to seal the lining to the underlying impervious stratum. 
When lining is in place, the space between it and the shaft wall is filled vith cement 
grouting, lowered in trip-bottom boxes, and the shaft is pumped out. An effective seal 
is essential. 

Plant required consists of a suitable headframe (with facilities for handling the heavy 
boring tools), power plant, boring rods, small and large trepans, sludgers and special tools. 

Trepans are massive steel frames, to the lower edge of which are attached chilled-steel 
bits weighing about 100 lb each. Bits are placed unsymmctrically to cover entire area of 
shaft bottom as trepan rotates; they are also set to slope the shaft bottom towards center, 
thus facilitating removal of cuttings. Trepans are inspected frequently and dull bits 
removed. Wt for a small bore, 2-15 ton; for large, 15-30 ton. An enlarging trepan 
(Fig 31) has a projection extending into advance bore, and a crosshead fitting the shaft, 
to preserve alinement; the crosshead may carry bits to dress the shaft wall. Strokes per 
min 8-25; length of stroke, 6 m to 2 ft. Tools are suspended from the walking beam by 
rods and temper screw (Sec 9), which feeds down as boring progresses. 

Boring. Usually the shaft is started by ordinary methods, and a shallow hole, of 
diam of small trepan (Fig 30), is made at shaft center. In this the trepan is started, and 
cuts an advance bore of 4 to 10-ft diam, usually kept at least 30 ft ahead of the enlargement, 
sometimes cut to full depth before enlarging begins. Cuttings from the small trepan are 
removed by sludger (Sec 9) ; those from large trepan are caught in a bucket suspended in 
the advance bore. Where shaft walls cave badly, they may be lined temporarily with 
sheet-steel casing, hung from the surface or rested on a shoulder of rock left for the purpose. 
Diam of shaft below must then be reduced. 
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Permanent lining. Moss-box is a double telescoping ring with outside flanges, 
between which dry moss is placed and secured while lowering by means of wire netting. 
When seated, the wt of tubbing telescopes the rings and compresses the moss against the 
shaft wall, forming a watertight joint. Sometimes concreting alone (without moss-box) 
is depended on for sealing; special bits on the enlarging tiepan then cut a level seat for 
bottom flange of regular tubbing. 

With deep shafts and excessive wt of tubbing, the lining as a whole is made buoyant by 
placing above the moss-box a false bottom or diaphragm, m which a vert equilibrium 
PIPE IS inserted, equipped with valves for admitting water as desiied and thus controlling 




buoyancy. When lining is finished and sealed, and shaft pumped out, w^edging cribs 
(Art 17) aie placed below the moss-box and sinking proceeds by ordinary methods. 

Speed and cost. Aver lato of sinking to 600 ft depth in northern France (24), 12-33 ft 
per month, cost (befoie 1915) $66-$200 per ft. 

Costs of sinking 14.5 ft diam shafts m the Ruhr district, Germany, to mean depth 
between 164 and 1 148 ft piior to 1915, were (27) * plant and equipment, 50% of first cost, 
$25 000 to $35 000; miscellaneous, $12 500 to $25 000; tubbing per ft, $90 to $195; 
concrete per ft, $12; power and supplies per ft, $60 to $105, labor per ft, $135 to $210. 

Kerr (23) gives cost of sinking only, exclusive of tubbing, at $83 to $250 per ft, ordinary rate of 
advance, 9-12 in per day In general, pre-war cost of 12-ft shafts ranged from $100 to $300 per ft, 
14 to 16 ft shafts, $250 to $500 per ft. 


SPEED AND COST DATA 

Of the following cost examples, all but three are dated 1920 or later, and fall within 
the period of higher wages and prices that followed the World War. Costs prior to 1916 
should he increased 50-60% for use as guides to current practice. For cost examples 
of steel shaft support, see Ross shaft, Art 20, and Matahambre No 2 shaft. Art 21. 


19, SMALL SHAFTS 


201-ft prospect shaft, southwest U S, 5 by 7.6 ft, no water. Hoist and 6 by 8-in vert compressor 
powered by tractor engines; 25-ft headframe cost $165. Drilling and blasting 3 hr, mucking 6-7 hr, 
timbering 6 hr. Round, 8-13 holes, aver of 40 sticks, 1 t/g by 8 in, 40% dynamite. Seta 6.6-ft 
centers, 4 by 6-in plates, 4 by 4-in posts and dividers. Sunk in 98 days. Cost (reported 1936) : 


Labor . . 

Inaurniico 
Kxploaive 
Lumber. . 

* For blacksnnthing. 


T otal Per ft 
. $2 267 50 $11 28 

135 00 0 67 

175 00 0 87 

381 35 1.90 


Taghts 
Gasolene . 

Oil, grease, coal * 
Pipes, bolts, nails 

Total 


Total Per ft 
$ 6 60 $ 0 03 

35 00 0. 17 

9 65 0.05 

33 35 0 17 

$3 043.45 $ 15. 14 
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Alaska- Juneau No 03 prospect shaft (7), 7 by 9-ft rock section, 60® incline, sunk by contract for 
300 ft through hard rook. Shaftmen earned aver of $9 28, hoistmen $4.60 per shift. Round, V-cut, 
24 holes, 5-6 ft deep. Powder, 40% special gelatin, 23.5 lb per ft. Timber, 8 by 8-in plates, 6 by 
8-m dividers, sets 6 ft apart, 37.5 bd ft per ft. Costs per ft (1931). 


Labor: 


Supplies: 

1 

Power; 


Shaftmen 

. $20 19 

Explosive . . . 

$4 97 

Dulling 

$ 0 80 

Pumpmen . . 

4 27 

Timber. . 

0 98 

Hoisting. . 

0 40 

Timber framing . . 

0 69 

Pipe lines. 

0 11 

Ventilation, lights . . 

0 05 

Steel sharpening 

0 42 

Drill repair . 

. 0 25 

Total power. 

$ 1 25 

Miscel 

0 12 

Miscel 

1 20 

Supervision 

$ 1 00 

Total labor. 

$25~69 

Total supplies . . 

. $7*51 

Total direct cost. . 

$35.45 


Davis-Daly air-shaft, Butte, Mont (11)* depth 1 806 ft, comprising 1 607 ft of raising, 90 ft of 
stations and 108 ft of sinking, timbered solid with octagonal frames circumscribing a 6.5 ft circle 
(1920-21) Miner’s wage, $5 75, aver day’s earning on contract, $6 28, explosives per lb, 20jf; 
timber framer, $6; timber per M, $37. Cost per ft for raising only: 


Timber for shaft frames 

$ 7.48 

Compressed air 

$ 0 

86 

Framing 

0.76 

Drill repairs 

0 

69 

Timber for chutes, etc 

1.47 

Steel consumption 

0 

39 

Cutting chute timber 

0.37 

Steel sharpening 

0 

28 

Blocks, wedges, etc 

0 99 

All other supplies 

0 

33 

Total cost of timbering 

11 07 I 

Labor 

14 

76 

Explosives 

2 33 1 

Total per ft. . . 

. . . . $30, 

,71 


20. SHAFT RAISING 


Bunker Hill and Sullivan No 2 shaft, Idaho (7) ; 3-compt, inclined about 50®, rock 
section 8 by 16 ft; raised 295 ft from 19th level in medium hard ground V-cut round, 
24 holes. Powder, 35% gelatin, 12.2 lb per ft of shaft Timber, 10 by 12-in caps and 
sills; 10 by 10-in posts, 6 by 10-in dividers; sets at 5-ft centers, total bd ft per ft of shaft, 
153.3 Man-hr and costs per ft (1927): 


Labor* 

Man-hr 

Cost 

Supplies 

Cost 

Bosses® $7 50 

0 06 

$ 0 47 

Explosive 

$ 2 05 

Timbermen ® $5 50 

0 61 

3 30 

Tiinbei 

3 68 

Shaftmen @ $5 00 

1 08 

5 41 

Miscel 

0 17 

Helpers ® $4 50 

0 11 

0 41 

Total 

. $ 5 90 

Timber framing 

0 21 

0 64 

Power* 

Sharpening steel 

0 10 

0 35 


Total labor 

. ... 2,17 

$10 '58 

Drilling 

Hoisting 

.$111 
0 33 




Total 

$1 44 




Total direct, per f( 

. $17 92 


Pilares shaft, Sonora, Mex (7). 345 ft of pilot raise.s, 4 by 7 ft; enlarged to full rock section of 
12 by 20 ft; see Art 11. Total completed depth, 379 5 ft Powder, in pilot raises, 5 lb per ft of 
raise; total, 10 lb per ft of shaft. Costs (1924-25). 



Per ft 

Pei ft of full .section shaft 


of raise 

Raises 

Enlarging | 

Timbering 

Miscel 

Total 

Labor: 







Breaking 

$2 45 

$2 23 i 





Mucking 

0 67 

0 61 





Total shaft 

$3 12 

$2 84 

$4 82 

$ 

$ 

$ 7 66 

Shop labor . . 



0 08 

0 66 

0 34 

1 08 

Framing timber . . 




3 76 


3 76 

Placing timber 




8,33 


8 33 

Sundry labor 





3 18 

3 18 

Total labor . 

1 $3.12 

$2 84 

$4 90 

$12 75 

$ 3 52 

$24 01 

Explosive 

1 92 

1 74 

1 14 


0 30 

3 18 

Timber 

[ 0.33 

0.30 


29 30 

4 24 

33 84 

Incline charges. 




0 11 


0 11 

Supplies. , . 

Drills and tools 

0.08 

0 08 



’ 2 71 

2 79 

2 32 

2 11 

1 46 


0 29 

3 86 

Total . . 

$7 77 

$7 07 

$7 50 

$42 16 

$11 06 

$67 79 
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Ross shaft, Homestake Mining Co, So Dak (28) ; 6-compt, 14 ft by 19 ft 3 in outside 
steel sets; designed for 6 200-ft depth; sets installed at end of 1934 for 3 242 ft. Sunk 
from surface, 137 ft; raised full size for 250 ft from 800 level, but wt of broken rock crushed 
the timbering; shaft was raised elsewhere with 6 by 6-ft pilot raises in center of shaft area, 
then enlarged to size. Steel sets (6-ft centers): plates and dividers, 6-in 25-lb H-beams; 
posts, 3.5 by 3 by ^/s-in angles; the 2 skipways laced with 14-gage galvanized corrugated 
steel; ladders and sollars of steel; all steel specified to contain 0.20-0.25% copper. Upper 
308 ft of shaft concreted solidly outside of sets, at cost of $46.27 per ft; total of 150 ft con- 
creted below in sections of 1 to 3 sets; elsewhere the shaft walls were gunited. Costs per 
ft of 3 241.5 ft of steel -supported shaft (1933-34): 


Excavation 

Pilot 

raises 

Enlarg- 

ing 

Total 

Steel support 

Shapes 

Corrug 

lacing 

Total 

Mining I.abor 

$ 9 19 

$13.77 

$22 96 

Invoice cost 

$21.13 

$6.35 

$27 48 

Explosiv'os 

2.73 

3.11 

5 84 

Unloading, etc. . 

2.08 


2 08 

Air and drills . . 

3 20 

2 54 

5.74 

Installing' 




Timbering 

4 24 

0 67 

4 91 

Labor . .... 

6.92 

1.06 

7 98 

Trackage 

0 34 

0 56 

0 90 

Hoist labor 

2 15 

0.11 

2 26 

Pipe 

0.49 

0 25 

0 74 

Power 

0.33 


0 33 

Hoist and hoisting . 

1 82 

1 26 

3 08 

Air and drills . 

0.12 


0.12 

Haulage 

0 85 

2 87 

3 72 

Miscel suppl 

3 21 

0 13 

3 34 

Elec supplies. . 


0 05 

0 05 

Chpe for fastening 


0.39 

0 39 

Miscel 

1 13 

1.43 

2 56 

Total , 

$35.94 

$8.04 

$43.98 

Surveying 

0 12 


0 12 




2 52 

Total 

$24.11 

$26.51 

$50 62 

Shaft doors, guides, chiiirs . . 


3 50 





Surveying . . 



0 32 





Total per ft 



'$'50 32 

Total cost 




Stations . 



$ 5 49 

Excavation (above) 



$50 62 

Piping and wiring 



13 82 

Steel supports (above) . 

, ... 

50 32 

General construction. . 



0 66 

Concreting and gumtiiig . 


11.40 

Total per ft 




$132.31 


21. WORKING SHAFTS, METAL MINES 

Typical estimate of total cost i>er ft, including supervision and general maintenance, of 
sinking a veit 3-coinpt shaft 8 by 17-ft section to 1 000-ft depth is given by Elsing (29): 


Labur 


Explosive. 

$ 5 50 

Shaft 

$30 00 

Timber . .... . . 

7 50 

Plaek.siiuthing 

2 00 

Power . , 

2 25 

Timber fianung 

2 75 

Insurauoe 

2.00 

Hoisting 

2 75 

Miscel aupphe.*^ 

7 00 

Total labor 

. $U 50 

Gener.al expense , 

3 25 



Total 

$63.00 

IModeiate flow of water will increase cost 19-15 



United Verde No 6 shaft, Jeiome. Ariz 

Kcvtiingular .section 7 by 14 ft; sunk 

in 1925 

from 2 400 to d 150-ft le 

vcl through medium 

(luurtz porph\ry' 


Drilling six'ed, in per inin 

10 

Water pumped, gal per hr 

5 000 

Per round 


Cost per ft 


Advance, ft 

4 5 

J^abor (drill, imiek, timber) . . . 

$31.85 

No of liolea 

32 to 35 

r.xph>si\c (except caps and fuse) , . 

5 20 

Sticks of powder 

.260 

Total cost j)er ft 

$52 70 


Butte district, Mont (15), operating more than 60 vshafts, affords steady employment 
to specialized sinking ciews. linking m 1920 cost approx $100 per ft. including equipment. 
Anselruo mine shaft, 3-cornpt, 19 by 6.5 ft outside timbeis, was then being sunk in altered 
granite and ihyolito poiphyry. Labor, 5 miners per shift, on contract at $40 per ft; also 
1 shift bos.s and 1 topmaii per shift. Clipper drills (4, in hard rock 5) made round of 
30 holes in 4 hr, in 10 rows of 3 across tho shaft; V-cut holes 9.5 ft deep, pointed at 45® 
from 4 5-5 ft collar; side holes 5.5-6 ft deep; after finishing a round, drills were overhauled. 
Powder, 40% gelatin, 100-125 lb per round. Timber, 12 by 12-in; set placed in 1.5-2 hr. 

Water Lily shaft (12) Eureka, Nev, 3-coinpt, 15 5 by 6.75 ft outside timbers, W£U8 sunk 427.5 ft 
in 31 days (Sept, 1920) through porphyry and 60 ft of limestone; in another month, 416 ft, all in 
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limestone. Rock hoisted through 2 compts, partly lined to prevent buckets from catching on tim- 
bers; non-rotation ropes, no crosaheads. A bonus was based on monthly advance. 3 shallow drill 
rounds were more effective than 1 or 2 deeper rounds. Sets of 8 by 8-in timber placed 6-ft centers; 
lagging, 2 by 12-in. Data for record month: aver advance per day, 13.8 ft; shaft sets placed per 
day, 2.8; rounds per day, 3; holes per round, 23.9; buckets (17 cu ft) per shift, 72.6; 9 hammer 
drills on the job; aver number in use at one time, 6; gelatin, 36% in porphyry, some 60% in lime- 
stone, lb per ft, 16.26. Regular daily wage: shaftmen, $5 25; hoistmen, $5; topmen, $3.75. Shaft- 
men per shift, 6.7. Timbermen per day, 4.8. Total delay for month, due to repairs and failure of 
power, 13 hr 

Porphyry shaft, Inspiration Mine, Ariz, rock section 17 2/3 by 13 1 /s ft, timbered. 2-4 
unmounted Clipper drills made aver round of 30 holes in 4 hr. Record advance for 7 
months, Feb— Aug, 1922, 1 037 ft, in a total of 1 403 ft. 



Ft 

sunk 

Cu yd 
rock 

Man-shifts 

Shifts per ft advance j 

Shifts per cu yd 

Shaftmen 

Topmen 

Hoist- 

men 

Shaft 

Top 

Hoist 

Shaft 

Top 

Hoist 

Max month 

209 

1823 

936 6 

179.0 

93 

7 3 

1 3 

0 8 

0 83 

0 15 

0 08 

Min month 

128 

1116 

653.0 

164.2 

84 

3 1 

0 8 

0 4 

0 36 

0 09 

0 05 

Aver month 

148 

1292 

833 4 

169.2 

90 7 

5 6 

1 1 

0 6 

0 64 

0 13 

0 07 


Bisbee Queen shaft, Ariz (29), 8 by 17 ft, 3 compt, no water. Sunk 823 ft from surface; 
best month’s advance, 235 ft. Contract price for labor and explosive, $40 per ft, con- 
tractor paid $8 per man-shift ($9 if month’s advance reached 200 ft). Insurance, ^. 5 % 
of payroll; elec power, aver, 2^ per kw-hr; powder, 16.5«f per lb; timber, $30 per M bd ft 
delivered. Cost per ft (1927) . 


Labor: 


Power . 

. $ 2 39 1 

Supplies: 


Shaft 

... $30 93 

Insurance 

2 15 

Explosive 

. $ 5 49 

Blacksmiths. . . . 

... 2 07 

Trucking . . 

1 31 

Timber. . 

7 60 

Timber framing. . 

2 84 

Office and general. 

2 06 

Misc supplies. . . . 

... 7 40 

Hoistmen 

2 77 

Prelinuuaiy exp ... 

2 14 

T otal 

. $20 49' 

Total . . . . 

.. . $38 61 

Total . 

"$T0 05 

Grand total 

. $69. 15 


Wisconsin zinc district (14). In 1920, 2- and 3-compt shafts, traversing 10 -40 ft of overburden 
and varying depths of rock, with not more than 500 gal of water per min, were sunk at usual rates of 
65-85 ft per month and cost $20-$50 per ft 

Ajax shaft. Cripple Creek, Colo (10), vert, 3-compt, 15 ft by 6 ft 2 in outside timbers, was deepened 
602.5 ft below 1 481 ft in 1915-16 Labor 2 8-hr shifts, each of 4 shaftmen, 1 hoistman, with topmen 
and skippers as needed, day shift drilled, blasted and timbeied; night shift mucked and sometimes 
timbered; overtime as needed. 4 hammer drills made 40 holes per round, aver depth, 4 ft Plates 
and corner posts, 10 by 10 in, dividers and interior posts, 8 by 10 in Drill bits per lound, aver, 
126.5. Total time, 293 days, max monthly advance, 95 ft, aver ft per round, 3 03. Per ft advance, 
aver: machine-shifts, 1 3; sinking hoist-shifts, 0 86. 


Aver wage Per ft 

Drillers $5 25 $ 6 51 

Muckers 4 50 6 47 

Timbermen 5 25 5 11 

Hoistmen 4 13 3 75 

Shift bosses 5 00 151 

Machinist, blacksmith 4.50 0 49 

Topmen, skippers 4 00 119 

Pipemen, repairers 4.00 0 74 

Total labor ~i25 ~77 

Hoisting waste, @ bOji per skip 

Air for drills, @ $2 per machine shift. ... 

Air for sinking hoist, @ $2 50 per shift 

Sharpemng steel, @ lOji per bit 

Total cost per ft 


Per ft 

40 and 60*^0 powder, 20.71b @ 19 42(i. . $ 4 02 

Fuse, 1 43 ft ^ 0 6^5 . . 0 86 

Caps, $1 75 per 100 .... 0 24 

Timber, 232 bd ft, $28 33 per M 6 57 

Machine drills I 79 

Pipe. I 53 

Iron and steel 101 

Miscel 0 91 

Total supplies $16.93 


$5 61 
2 65 
2 14 

4 18 J4 58 

77 . 7 .' $57 28 


Macassa mine, Kirkland Lake, Ont (30). Vert 3-compt shaft, 0 by 17 ft rock section. 
Timbering, 8 by 8-in, sets at 7-ft centers; bd ft per ft of depth, sets 85.0, blocking 17.2, 
sheathing 5.0, guides 12.5, total 119.7; plus 18 linear ft of 8-in poles for lagging. 38 holes, 
300 ft drilled per round by 4 drills. For cost of sinking plant, see Art 3. Wage scale: 
shaftmen $6 plus bonus, aver about $8.50 total; hoistmen $5.20, deckmen $4.15 per shift, 
topman $150 per month, all plus bonus; blacksmith $7; surface laborers 40^ per hr. 
Man-hr and costs per ft (1931-32) : 
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Cost per ft of depth, Apl, 1932 



Man-hr 
per ft 
depth 
(171 ft) 

Sinking 

labor 

and 

super- 

vision 

Drills, 
repairs, 
steel; air 
and water 
lines 

Power 

Ex- 

plosive 

Timber 

Con- 

creting 

collar 

Other 

sup- 

phes 

Total 

Drilling and blasting , 

8.52 

$10.38 

$6.62* 

$2.90 

$6.37 

$ .. 

$.... 

$0 22 

$26. 49 

Mucking 

11.53 

10.88 






0 17 

11.05 

Timbering 

2.61 

3.54 




6.09 



9 63 

Hoisting . . 

4.44 

2 99 


2.97 




2 22 

8.18 

Decking and disposal 

7.90 

3 57 






0 03 

3 60 

Ventilation 

1 


’ l' 52 

005 





1.57 

Pumping and drainage 

0*65 



0.54 




i *. 70 

2 24 

Concreting collar 
Supervision and work- 


1 


.... 



0 22 


0 22 

men’s compensation 

2 80 

4 81 1 







4.81 

Miscellaneous 

4 21t 



0 *12 




*6.51 

0 63 

Total direct i 

42 66 

$36 17 

$8 14 

$6 58 

$6 37 

$6 09 

$0 22 

$4 85 

$68.42 

Proportion of general charge 
Total cost per ft 

s 







2 51 
$70 93 


* Iiif’ludes $3 06 labor, $3 56 material f Includes 3 28 man-hr of blacksmithing, steel sharpen- 
ing, drill repair and general surface 


Magma No 7 shaft, Anz (7); 7.5 by 16.5 ft. Costs for 1 465 ft of depth (1931): 
Preparation and plant expense j Sinking crew (per ft) 


Labor Supplies Total 

Hoist installation $886 $568 $1 454 Jiggers $4 39 

Headframe . .... 976 574 1 550 Shaftmen .... ... 10 37 

Collar ... . . I 623 Toplanders ... 2 62 

Change room . 318 440 758 Bonus 22 03 

Stations . 928 211 I 139 Total $39 41 

Tail drifts 913 232 1 145 

Total . . . $7 669 

Total per ft of shaft $5 24 

'Fotal cost per ft Labor Supplies Power Total per ft 

Preliminary $ I 71 $ 1.19 $. . . . $ 2 90 

Sinking crew (abovx) . 39 41 . . 39 41 

Explosive . . . . 5 54 5 54 

Timber 1 42 10 20 .. , 1 1 62 

Comprt^ssed air .... .... .... 1 16 1 16 

Hoisting 4 84 0 71 0 22 5 77 

Pumping ... . 0 08 0 05 0 13 

Air and water lines 0 12 0 64 ... 0 76 

Power lines . 0 03 0 02 0 05 

V’entilation . . . 0 02 0 34 .... 0 36 

Dump 0 26 0 05 0 31 

Miscellaneous 1 1 2 0 87 ii__ ^ 

Total direct . $49 01 $19"!^ ““$1 38 $7F^ 

Preparation and plant expense (above) 5 24 

Total cost per ft $75. 24 


Magma No 5 shaft, Ariz (31), vert, 4-comp, 8 by 21-ft rock section, sunk from surface 
to 2 531-ft depth. 24-hr cycle: setting up 0.5 hr, diillmg 5.5 hr, blasting 1 5 hr, mucking 
13 5 hi, timlxMing 3 hi. Timber, 10 by 10-in, sets 4-8 ft apart. Powder per ft, 25 lb 
40% gelatin. Costs (1925-28): 


Sinking plant expense 

Labor Supplies Total 


“ 500 ” hoist* . 



$ 3 242 

“ 2550 ” hoist* . 

.$ 921 

$ 776 

1 697 

Towers 

. 1 201 

1 629 

2 830 

Collars and sheaves . . 

. 850 

2 463 

3313 

Skips and cages 

. 2 935 

810 

3 745 

Pumps and motors. . . . 

. 3 206 

8713 

11 919 

Change and dry room. 

. 3 171 

303 

3 474 

Total 



$30 220 

Total per ft of shaft, 



$11.94 


Sinking crew (per ft) 


Jiggers ® $6 OOt $ 3 85 

Shaftmen @ $5 50t 16 39 

Toplanders @1 $4 I3t 2 96 

Trammers @ $4 13t 0 58 

Sinking bonus 29 76 

Total $53. 54 


* Installation cost, t Base wage. 
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Total cost per ft 

Sinking crew (above) 

Explosive 

Timber 

Compressed air 

Hoisting 

Pumping 

Air and water lines 

Power lines. ... 

Ventilation. 

Dump 

Miscellaneous ... ... 

Total . . . 

Sinking plant expense (above) 


Labor 

Supplies 

$ 53.54 

$ 

” 2.08 

4.12 

14.76 

4 84 

” o .38 

5 96 

0.71 

0 84 

1 72 

0 58 

2 13 

0 08 

1 38 

1 14 

0 53 

2 20 

2 28 

$71 26 

$28 01 


Power Total per ft 



$ 53 

34 


4 

12 


16 

84 

61 

2 

61 

30 

6 

52 

32 

7 

99 


2 

56 


2 

71 


1 

46 


1 

67 


4 

48 


$5 23 $104 50 

II 94 


Total cost per ft. 


$116 44 


Matahambre shaft No 2, Cuba (32), vert, 8 by 25-ft rock sec, 4-compt, sunk 2 057 ft 
from surface; water, max 5 gal per min. First 70 ft concrete-lined; sux>ported below 
with steel sets, plates and dividers, 6-m 25-lb H-beams; posts, 3 by 3 by 3/g-in angles. 
Below 1 050-ft depth, double end plates used, the outer plates overlapping the ends of 
wall plates. 12 bearer sets of 12-in 31 8-lb I-beams under wall plates and dividers. Total 
steel, including pockets and stations, 541.3 lb pei ft of shaft Lagging, 2-in plank. 
Holes per round, 32-33; ft dnlled per ft of shaft, 44 5; advance per round, 4 92 ft. 
Powder, 30 and 40% gelatin, 28 3 lb per ft. Power, 918 kw-hr per ft (1929 -31). 


Cost per ft of preparing site, and sinking equipment 


Eng’g and supervision 
Preparing site 
Concrete collar 
Transformers and line 
Water and air lines. 
Hoist and headframe 
Hoist cables 
Hoist house. 


Labor 

Suppl 

Total 

$0 

51 

$0 

08 

$0 

59 

0 

29 

0 

04 

0 

33 

0 

74 

1 

48 

2 

22 

0 

43 

1 

01 

1 

44 

0 

36 

1 

70 

2 

06 

0 

61 

5 

66 

6 

27 

0 

01 

0 

50 

0 

51 

0 

08 

0 

29 

0 

37 


Blower 

Bin and dumping gear 

Buckets 

Drills 

Drill hose 

Drill steel 

Total 


Labor 

Suppl 

Total 


$0 64 

$0 64 

$0 24 

0 47 

0 71 


0 24 

0 24 


1 57 

1 57 


0 33 

0 33 


0 83 

0 83 

$3 27 

$14 84 

$18 11 


Man-hours and total cost per ft 



Man-hr per ft 

Direct 

Indirect 

Total 

Engineering and supervision 

9 16 


9 16 

Drilling & blasting 

8 55 

4. 18 

12 73 

Smoke delay 

1 71 


1 71 

Mucking 

17 97 

3 25 

21 22 

Shaft support 

7 92 

7 15 

15 07 

Ladders, guides 

2 36 

1 22 

3 58 

Concreting . 

1 78 


j 1 78 

Hoisting 

9 63 

3 46 

! 13 09 

Dumping and rock disposal 

3 19 

4 86 

t 8 05 

Ventilation 

0 16 

0 90 

1 06 

Water and air lines 

1 07 


1 07 

Explosive 




Contract bonus and crew exp 




Shop charges and misc repair 





63 50 

~2VW 

Ts 52 


Cost pt r It 


Total 

labor 

Supplies 

Power 

(icncral 

expensf' 

1 

Total 

1 

$ 6 

80 

$ 0 

04 1 

$ . 


$ 


6 

84 

10 

42 

0. 

93 

3 

69 



15 

04 

1 

40 

.... 






1 

40 

16 

90 


45 

t 




18 

35 

12 

34 

45 

05 

! 




57 

39 

2 

93 

3 

74 





6 

67 

1 

46 


85 





2 

31 

9 

00 

4 

19 

7 

17 



20 

36 

3 

02 

0 

44 





3 

46 

0 

87 

3 

21 

0 

70 



4 

78 

0 

88 

0 

03 

0 

10 



1 

01 



6 

70 





6 

70 







16 

72 

16 

72 







4 

50 

4 

50 

$66 

~oT 

$66 

Tr 

ITT 

*6^ 

$21 

22'| 

$165 

53 


Preparing site and sinkinp equipment (above) 
Total cost per ft 


18 II 
$183 64 


22. WORKING SHAFTS, COAL MINES 

No 261 mine, 2 hoisting shafts, Caretta, W Va (33). Skip shaft, rectangular with 
oval ends, 12 by 28 ft on axes of rock sec, 563 ft deep Manway shaft, same shape, about 
16 by 29 ft, 572 ft deep. Both sunk from surface through sandstones and shales, water- 
bearing for first 300 ft; about 200 ft in each shaft were grouted. Concrete-lined, steel 
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buntons; no temporary timbering required except near surface. Concrete, cu yd per ft 
of shaft: skip shaft, 3.87; manway 4.48. Powder 40% gelatin, lb per ft: skip shaft, 
15.3; manway, 19.8. Man-hr and costs (1922-23): 


Man-hour per ft 

Skip shaft 

Manway 

Man-hour per ft 

Skip shaft 

Manway 

Drilhng, blasting 

17 0 

22 2 

Rock disposal and miscel 



Mucking 

32 1 

43 8 

surface 

0 6 

3.4 

Guides, buntons 

5 4 

10 2 

Miscel, including grouting 

9 6 

9 8 

Concreting. . 

17 4 

26 6 

Supervision. ... 

10 6 

15 3 

Hoisting 

10 6 

15 3 




Pumping and piping 

2 0 

5 3 


105 3 

151 9 


Cost per ft 

Skip shaft 

Manway shaft 

Labor 

Supplies 

Total 

Labor 

Supplies 

Total 

Excavation 

1 $ 57 50 

$ 50.74 

$108 24 

$ 74 00 

$ 65 90 

$139 90 

Concrete 

25 30 

37 00 

62 30 

27 10 

42 88 

69.98 

Guides 

1 34 

2 53 

3 87 

1 93 

2 19 

4 t2 

Buntons . 

3 06 

4 61 

7 67 

4 65 

6 95 

11 60 

Formwork (surface) 

0 20 

1 0 13 

0 33 

0 16 

0 II 

0 27 

Heinforoemeut 


3 58 

3 58 


3 69 

3 69 

Grouting 

18 80 

5 80 

24 60 

'*20 29 

6 91 

27 20 

Piping 




0 25 

0 45 

0 70 

Miscellaneous 




2 17 

1 46 

3 63 

T otal 

$106 20 

$104 39 

$210 59 

$130 55 

$130 54 

$261 09 


No. 261 mine, air shaft (33), oiroular, 19 ft rock diam, concrete-lined to 17-ft inside diam, 563 ft 
deep, sunk from .surface near the preceding Grouting for depth of 168 ft Concrete, cu yd per ft 
of shaft, 2 62, po\^dor, 40% gelatin, 13 7 lb per ft. Man-hr and coats (1922-23): 


Sevier Valley shaft, l^tiih, (7), vert, 3-compt, 17 by 25-ft rock sec, 182 ft deep; 


coiicieted 

(’ojits pei ft (192 

4-26) : 




lioshcs. 

9 / uu 

i.aoor 

♦su 

lU 

uaDor » sz uu 

Shaftmon 

18 50 

Explosive 

.. . 3 

56 

Bonus, eng’g, super- 

Hoistrnen 

5 00 

Miscel 

,. . . 7 

94 

vision 5 43 

Topmen 

4 60 

Total 

$51” 

60 

Supplies . 117 50 

Other . . 

5 00 




Total concrete . $164 93 

Total. . . 

$40 10 




Total sinking . 51 60 






Total cost, per ft $216 53 


23. WITWATERSRAND SHAFTS 


Man-hr per ft 


Drilling, blasting 

18 4 

Mucking 

32 5 

Guides, buntons 

3 4 

Concreting 

18 3 

Hoisting 

II 6 

Pumping and piping 

3 5 

Rock disposal and inisccl surface 

1 9 

Miscel, including grouting 

4 8 

Super\ ision 

11 6 

Total 

106 0 


Costa per ft 



Labor 

Suppl 

T otal 

Excavation 

$5! 90 

$45 57 

$ 97 47 

Concrete 

16 30 

23 70 

40 00 

Formwork (surface) 

0 08 

0 06 

0 14 

Reinforcement 


0 15 

0 15 

Grouting 

11 19 i 

I 82 

13 01 

Piping 

1 00 

1 80 

2 80 

Miscellaneous 

1 68 

1 12 

2 80 

Total 

$82 15 

$74 22 

$156 37 


Shafts of large capacity on the Witwatersrand, So Africa, rectangular and timbered, 
were estimated (19) in 1920-21 to cost approx £40-£50 per ft, or, at aver sterling exchange 
of $3.75 then prevailing, $150-$190 per ft. 

City Deep, Ltd. Low hoisting capac and cost of sinking and maintenance in heavy 
ground precluded use of inclines below 5 300-ft depth; hence, for 7 000-ft depth, a vert 
circular shaft of 20-ft clear diam was designed to hoist 2 000 ton ore daily, handle all men 
and supplies and pass 300 000 cu ft air per min. Hoisting planned in 2 stages of 2 600 and 
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4 500 ft, lower stage being the shorter to reduce size and heating effect of underground 
electric hoist. Shaft comprises 2 cageways, with pipe and cable space (no ladderway) ; 
concrete-ring supports (Art 15) carry wooden sills outside cageways, for attachment of 
pipes, cables and guides, the latter acting only on one side of cage, without central dividers. 
Sinking plant. 18 by 64-in diiect-actmg steam hoist, drums 7 by 3 ft; 15 by 30-in geared 
hoist; 18 by 48 bailing engine; 3-ton buckets; 40-in Sirocco fan. 9 water-fed sinking 
Leyner drills made 35-40 holes per round; aver advance, 2 ft per 8-hr shift. Water, 
30 000 gal per day. First 2 950 ft (in firm rock), sunk in 1920-21, cost £29-6s per ft, or, 
at aver sterling exchange of $3.76 then prevailing, $110 per ft (19). 

Government Gold Mining Areas. Southeast 7-compt shaft was sunk 233 ft from 1 738 
to 1 971 ft, during Mch, 1912. Rock: 155 ft quartzite, 78 ft shale. 7-lb hammers used in 
double-hand drilling (benches drilled single-handed). Ventilation by brattice. Water 
was hoisted. (An example of smking with hand di illmg, now lai gely replaced by machine) . 


Labor per shift: 

I White foreman 
I White assistant foreman 
82 Native drillers (a) 

4 White timbermen (a) 

1 1 Native helpers 
Size, rock sec . 

Number holes per round 


45 by 10 ft 
40 to 45 


Depth holes 
Aver advance per mo 
Water, gal per nun 
Timber, pitcli pine 
Wall plates 
End-plates . . 
Dividers 
Guides . ... 


3 5 to 5 ft 
194 3 ft (6) 
21 0 


9 by 9 in 
9 by 9 m 
7 by 9 in 
4 by 8 m 


(a) Timbermen worked 1 shift per day, drillers 3 8-hr shifts (b) Aver of Jan, Feb, Mch, 1912 


Randfontein ventilation shaft, circnlai, 23 5 ft 
rock diam, 22 ft inside lining. Crew, white fore- 
man and 40 natives per shift Round, 58 holes 
Lined with concrete, lowered in self-dumping buckets 
to sinking platform. Costs per ft (1925-27) aie 
converted at aver sterling exchange then prevailing 
of $4.85. 


Sinking 3 421 ft of shaft . 

$ 71 

78 

Conoieting 3 071 ft of shaft. 

37 

20 

Hoisting 

14 

93 

Shaft e<iuipn\cnt . . 

9 

98 

Surface equipment 

24 

05 

Total cost per ft 

$157 

94 


Simmer & Jack Mines, Ltd; 6-compt, 13 5 by 38-ft lock sec, designed for 6 350-ft 
depth, started 1934. Water, 400 gal per mm, pumped into skips Smking crow, 2 whites 
and 60-66 natives per shift Drilling avei round of 104 hole.s, 5 ft deep, with 18 drills, 
requires about 3.5 hr; mucking, 4.5 hr. More than 5 000 ft of shaft was sunk at aver of 
204 ft per month. Timbering, 9 by 9-m pitch pine, 239 Imeai ft per set, interval of sets, 
6 ft. Bearers of steel H-beams every 100 ft 

Vlakfontein No 1 shaft, vert, 6 compts in line; 14.5 by 43-ft rock section. Round of 
100 holes* cut holes, 7 ft deep; others, 6 ft; 18-20 hand-held drifter drills, drilling 
time 2 hr, 46 natives at shaft bottom. Mucking crew, 80 natives; mucking time for 
225 tons, usually 4 hr. Period from blast to blast, 7 to 9, usually 8 br. Advance, 13 T4 ft 
per day; month of Mch, 1936, 422 ft; aver for 8 months, Feb-Sept, 1936, 350 ft. Pitch 
pine timber: 9 by 9-in plates and dividers; 8 by 8-iii corner posts, 4 by 10-in inner posts, 
sets 6.75 ft c-c Steel bearers under end plates, and under dividers between compts 2 and 
3, 4 and 5, and 5 and 6. Bearers for compts 4, 5 and 6 placed every 100 ft, others every 
200 ft. Timbering crew, 2 timbermen and 16 natives, working during drilling period. 
This is one of the most recent shafts sunk on the Rand. 


24. SHAFTS WITH CONCRETE LININGS 


Edith shaft, Jerome, Ariz (35), 3-compt, rock sec approx 17 by 8 ft, was concrete-lined 
in 1921 ; mixture, 1:2: 5. Upper 575 ft and 2 stations (Section A, see below) lined by 
contract, company paying actual expenses, contractor receiving bonus of half the saving 
below successful bid; in lower 630 ft with 5 stations (Section B), lalxir received bonus 
based on aver daily progress for entire job. In both cases ground was practically the 
same, and shaftmen received current shaft wages aside from bonus. See following table 
for details. 
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Section A: 575 ft depth; 1231 
cu yd concrete; aver ad- 
vance per working day, 
7.2 ft 

Section B: 630 ft depth; 1174 
cu yd concrete; aver ad- 
vance per working day, 
9 1 ft 

Labor, 

including 

super- 

vision 

Cement, 
sacks 
@ $1.10 

Sand and 
gravel, 
cu yd 
@ $2 50 

Power, 
kw-hr 
@ 2^ 

Reinforce- 
ment, lb 
@ $0.10 

Lum- 
ber for 
forms 

Bonus 

Total 
cost 
per ft 

Per ft lined: 

Section A: quantity 

cost 

j 

$15.35 

1 

11.4 

12.56 

2.6 

6 51 

44 1 

0 88 

10 

1.00 

1 

iiso 

5.35 

43.15 

Section B: quantity. . . 
cost . 

S 8.04 

9.9 

10 92 

2 3 
5.69 

46 5 

0 93 

10 

I 00 

i.’so* 

’ 3 ! 26 

3l’34 

Total hmng: quantity . 
cost. 

$11*53 

10 6 
n 70 

2 4 

6 08 

45 4 

0 90 

10 

1.00 

1 50 

4 26 

*36 97 

Per cu yd concrete: 









Section A; quantity. . . 


5 3 

1.2 

20 6 

4 7 




cost 

$ 7.17 

5 87 

3 04 

0 41 

0 47 

6*70 

2*50 

20 16 

Section B: quantity. . . 


5 3 

I 2 

25.0 

5 4 




cost . 

$ 4*32 

5 86 

3.05 

0.50 

0 54 

*0*80 

*1 75 

*16.8*2 

Total hmng quantity . 


5 3 

1 2 

22 7 

5 0 




cost 

$ 5 78 

5 86 

3 05 

0 45 

0 50 

0 75 

2*13 

18 52 


Cost of supervision: Section A, $10 per day, Section B, $225 per month 


Sacramento shaft, Bisbee, Ariz (36) Timbering replaced by concrete lining (1915-16) for 
1 645 ft of depth 1 service, 2 skip and 2 cage compartments, concrete walls cast between skipways 
and bet\^een skip and oageways, pre-cast concrete dividers, 10 by 10 m and 6 ft 2 in long, between 
cageA’ays Shaft remained in service 14 hr daily, with 10 hr allowed for concreting Aggregates 
were stored in special bins on top, trammed through adit to shaft at 71 ft below collar and chuted to 
mixer located 1 set below 
For dehvery to and design 
of forms, see Art 14 Aver 
wall thickness, 15 in, thin 
lining and all partitions 
reinforced Concrete poured 
at 3 dijterent horizons in 
rotation Shaft crew 2 
men in each compt, 1 pipe- 
man, 1 foreman, total 12. 

Mixer crew 1 man mea- 
suring aggregates, 4 tram- 
ming, 1 helping to dump 
cars and measuring cement. 

1 tripping to mixer ana 
measuring water, 1 fore- 
man discharging mixei , 
total 8, when mixer was 
idle, lis crew pre-cast the 
dividers or handled timber 
Aver time per .Vft course 
loading tool.s and cleaning 
shaft, 30 nun, renio\ing 
timbers, 98 nun, raising 
and setting forms, 84 nun. 
connecting concrete pipe, 

28 nun, mixing and pour- 
ing, 78 min, unloading 
cages and cleaning tools, 

17 nun, miscel, 39 nun. 
total, 6 hr 14 min At hrst, 

1 course was completed in 
8 hr, later 2, and once 3 
courses in 10 hr Aver 
wages per day shaftmen, 

$5 47, pipemen, $6 22, 
electricians, $5 22 , laborers 
at quarry, $2 40, laborers 
mixing concrete, $2 

Speculator shaft, Butte, Mont. In places, bad ground required use of jacket sets 
outside regular timbering (Art 13), and kept special crew constantly on shaft repair. 
500-ft section of timbering replaced by concrete lining, anchored by bearer rings 6 ft high, 
hitched deeply into rock walls, with 15-m wall between bearers formed clear of rock and 
backfilled. Mixture 1 : 2 : 4. Comparative repairs: when limbered, 32 man-shifts per 
day, $5 833 per month (1920 equivalent); when concreted (aver of 6 months in 1920). 
2.4 man-shifts per day, $389.75 per month (34). 


Cost per cu yd of f.mshed concrete (6 270 cu jd) | 

Liiimg and partitions 



Pre-cast dividers. 


Qu.irr>ing and crushing 

$1 

13 

Aggregates 

$ 1 69 

'Pransport to bins 

0 

22 

Cement 

4 13 

Cost of bins . 

0 

34 

Labor mixing . 

5 02 

Cost of aggregate 

$1 

69 

Reinforcement. . 

3 12 

Cement 

3 

44 

Pipe cores 

0 80 

Mixing 

0 

56 

Forms 

0 39 

Cost of piping 

0 

39 

Miscel 

0 58 

Cost of forms 

0 

75 

Total 

$15 73 

Total 

$6 

83 



'Potal expenditure $42 796 

47 

$3 663 32 

I Cost per ft of shaft 

26 

01 


2 23 1 

Cost of concreting per ft of shaft depth (1 645 ft) 

Shaft and surface altera- 



Miscel supplies 

$ 4.98 

turns 

$0 

73 

New’ guides, ladders' 


Aiming guides . . 

0 

34 

Labor $0 93 


Shaft labor' 



Timber. .. 0 41 

1 34 

Removing tiinber$3.08 
Setting forms 3 04 

Pouring concrete 2 62 
Pipework 1 41 



Hoistmen 

Supervision 

Accident compensation 

1 13 

2 05 

0 05 

On power cables. 1 00 

n 

15 

Total 

$50 71 

Concrete (as above) 

26 01 

Credit timber . . . . 

1 70 

Pre-oast dividers (as 



Net total cost per ft . 

$49 01 

above) . 

2 

23 



Reinforcement 

0 

70 
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Granite Mountain shaft, Butte, Mont (34), caved from 1 700 to 2 800-ft level after a 
fire in 1917. To reopen m 1918, caved section was concrete-lined for 1 340 ft, of which 
813 ft were first steel-framed for immediate support. Steel sets: plates, 7 700 ft of 6-in 
12.5-lb I-beams; vert members 8 130 ft of 10-in 25-lb I-beams; connections, 3/g-in angles 
and splice bars, with ^/g-m rivets. Shaft sec, 4-corapt, 20 ft 9 in by 7 ft 6 in outside of sets. 
Concrete lining: anchored with bearers at selected points; wall, 15-20 in thick, formed 
clear of rock between bearers, and backfilled except for clearances of 4 in or less, wheie 
concrete was poured to rock. Solid partitions: 10 in thick between main hoist compts, 
9.5 in thick between main hoist and man hoist, 9 in thick between man hoist and pipeway. 
Mixture 1:2:4; total cu yd in place, 6380; cement 38 280 sacks, sand 3 190 cu yd, 
crushed rock 1 075 cu yd, slag 4 655 cu yd, reinforcement of 376 tons. 7 sections in prog- 
ress at one time. For costs see following table. 



With steel frame j 

[ Without steel frame 

Day’s work 


15 



30 


Ft of shaft concreted 


82 5 



75 


Cost per ft 

T.abor 

Material 

Total 

Labor 

Material 

Total 

Forms. . 

$ 9 65 

$ 1 34 

$10 99 

$ 3 40 

$ 0 25 

$ 3 65 

Reinforcing ... 

6.55 

10 90 

17 45 

5 20 

14.10 

19 30 

Strip and set forms . . 

20 50 


20 50 

16 70 


16 70 

Concreting 

17 60 


17 60 

7.95 


7 95 

Handling material 

9. 15 


9 15 

9. 15 


9. 15 

Cement. . 


13.35 

13 35 


11.50 

11 50 

Sand . .... 


2 26 

2 26 


I 1.60 

1.60 

Slag 


1 4.90 

4 90 


3 45 

3 45 

Concreting per ft. . 

$63 45 

$32 75 

$96 20 

$42 40 

$30 90 

$73 30 

Structural steel 


31 40 

31 40 




Placing steel 

4 80 


4 80 




Total per ft 

$68 25 

$64 15 

$132 40 





Denn shaft, Ariz (37), 2 242 ft deep, of which 2 230 ft were concreted to replace old 
timbeiing; work done during a shutdown. Shaft has 3 compts to 1 360-ft depth, including 
2 hoist and 1 large compt for piping and dinky hoist; below 1 .350 ft, 4 full compts. Con- 
crete lining: thickness 10-36 in, depending on the ground, with 8-m curtain walla rein- 
forced in heavy ground with I-beams. Concrete placed, 9 9.34 cu yd, requiring 10 934 bbl 
cement, 5 991 ton sand, 9 052 ton crushed rock, 55 750 lb celito, which facilitated removal 
of forms and kept aggregate in suspension; mixture, 1:3:5. Batch, i /s cu yd, containing 
1.51 cu ft cement, 4.59 cu ft sand, 7,56 cu ft rock, total, 13 66 cu ft of mateiials for 
9 cu ft of mix. Mixed on surface and delivered by 4-in pipe to a sinking bucket with dis- 
charge spout, thence by iron launder to the forms. Crew, 7 men and shift boss; 3 men on 
mixer and charging chutes at surface. Ft of .shaft lined m 30 days, 455 max, 115 mill 
(heavy ground), 234 aver. Total cost (reported 1932), $178 972, including about $30 000 
due to shut-down, and with no credit for salvage, of which there was some Following 


costs for concreting per overall ft of shaft do not reflect change in shaft plan below 1 

350 ft. 

costs per cu yd are absolute. 









Per 



Per 


Total 

Per ft 

cu yd 

Total 

Per ft 

cu yd 

Cement 

.. $33 569 

$15 05 

$3 38 

Direct labor. . $ 46 1 59 

$20 70 

$ 4 65 

Sand 

6 157 

2 76 

0 62 

Eng’g and supervision 4 496 

2 02 

0 45 

Rock 

11 863 

5 32 

1 20 

Hoisting . . 19 250 

8 63 

1 94 

Celite 

793 

0 36 

0 08 

Water and light . 3 373 

1 51 

0 34 

Steel . . . . . 

1 807 

0 81 

0 18 

Miscel 13 358 

5 99 

1 34 

Timber . , . . 

2 495 

1 12 

0 25 

Total concret’g .. . $162 539 

$72 89 

$16 36 

Miscel 

522 

0 23 

0 05 

Plant (below) . . .. 16 433 

7 37 

_l 66 

Total material . 

. . $57 208 

$25 65 

$5 76 

Total $178 972 

$80.26 

$18 02 

Guide pockets 

3 989 

1 79 

0 40 




Handling materials 

. 1 1 337 

5 09 

1 14 

Cost of concreting plant 


Testing materials . . 

. . 2 057 

0 92 

0 21 

Mixing plant 


$ 1 586 

Plant maintenance . . 

1312 

0.59 

0. 13 

Plant for handling materials 


2 141 





Concrete forms 


10 824 





4-m pipe column 


1 882 





Total . 


$16 433 





Total per ft concreted. . . 


$7.37 





Total per cu yd 


$1.66 



BIBLIOGRAPHY 


7-33 


BIBLIOGRAPHY 


1. Practical Shaft Sinking. F. Donaldson McGraw-Hill Book Co, N Y, 1910 

2. Shaft Sinking under Difficult Conditions J Riemer. Trans by Corning and Peele. John 

Wiley jc Sons, N Y, 1907 

3. Rules and Regulations for Metal Mines Bull No 75, U S Bureau of Mines, 1915 

4 Safe Mechanical Equipment for Use in Shaft Sinking. R H Kudlich. Tech Paper No 276, 

U S Bureau of Mines, 1922 

5 Present Practice in the Design and Sinking of Shafts R G Johnson Coal Age, Sept 13, 1923 

6 Shaft Sinking Eqmpmeiit L Eaton E & M Jour, Mch and Apl, 1932 

7. Shaft-Sinking Practices and Costs. E D Gardner and J. F Johnson Bull No 357, U S Bur 

of Mines, 1932 

8. Recent Developments in Mining Practice on the Witwatersrand. R. S. G. Stokes. Trans 

Inst Mm & Met, Vol 45 

9 Inclined-Shaft Timbering A Neustaedter. E & M Jour, Feb 22, 1919 

10 Cost of Shaft Sinking at Cripple Creek E dt M Jour, Aug 15, 1925 

11 Octagonal Ventilation Shaft of Davis-Daly Copper Co. J L Bruce. Trans A I M E, Vol 66, 

p 2.52 

12 Breaking the World’s Record m Shaft-Sinking W Fitch, Jr Min & Set Pr, Nov 26, 1921 

13. Shaft Sinking in Extremely Tough Rocks W Y Westervelt Eng & Con, Mch 10, 1915 

14. Development Practice in the Wisconsin Zinc Dhstrict E R Shorey Mtn & Met, Aug, 1920 

15 Shaft Sinking Method.s m the Butte Dmtiict II Drullard E & M Jour, Mch 20, 1920 

16 Shaft Sinking Methods at Butte N B Braly Tranh A I M E, Vol 46, p 151 

17 Shaft Raising at the Harold Mine C F Jackson E cfc M Jour, Apl 7, 1917 

18 Sinking No 5 Shaft at the Tamarack Mine, Michigan. W. E Parnall, Jr. Proc Lake Sup 

Min Inst, Mch, 1901 

19. Scheme for Working the City Deep Mine at Depth of 7 000 Ft E H. Chfford. Trans Inst 
Min & Met, Vol 30 

20 Concrete Timbering of Mine Shafts E R Jones Coal Age, Oct 26, 1912 

21 Application of Cement Mixtures by Machinery G J Young E & M Jour, Mch 26, 1921 

22 Modern Practice in Mining (Vol 2) R A S Redmayne Longmans, Green <fe Co, London, 1925 

23 Practical Coal Mining Geo \j Kerr Griffin <fe Co, London, 1914 

24 Practical Coal Mining (Vol 1 & 2) W S Boulton Gresham Pub Co, London, 1907 

25 Cast-iron Tubbing A Lupton Iron dc Coal Tr RfV, Feb 1, 1895 

26 Sinking by Kind-CJhaudron Process. Proc Instn C E, England, Vol 71, p 178, Rev Univ des 

Mmct, Oct, 1902 

27 Leistungen und Kosten Schachtabteufen im Ruhrbezirk L Hoffmann GlUckauf, Vol 37, 1901 

28 Con.stiuctiun and Equipment of the Ross Shaft, Homestake Mining Co Bjorge, Ross, Johnson, 

Staple and Wiggert A I M E, Tech Pub 621 

29 Cost of Shaft Sinking M J Elsing E <& M Jour, Oct 26, 1931 

30 Shaft Sinking Methods and Costs, and Cost of Pl.ant and Ecjuipment at the Macassa Mine, 

Kirkland Lake, Ont G A Howes and C F Jackson, Inf Circ 6674, U S Bur of Mines 

31 Mining .Methods and Costas at the Magma Mine, Aiiz. F W Snow, Inf Circ 6168, U S Bur of 

Mines 1929 

32. Sinking and Equipment of the No 2 Shaft at Mina.s de Matahambre D D Homer and R 11 
(?romwell Explosives /'Jngjm c; , Feb, 193.^ 

33 Shaft Sinking .Methods, Practices, and Costs of the Consolidation Coal Co at its No 261 Mine, 

Caietta, W \a L E Kelley Inf ('vc 6602, U S Bur of Mines, 1932 

34 Use of Cement and Concrete in the Underground Workings of the North Butte Co. R Linton 

Proc Eng So(’ of VVo^tetn Pa, Vol 38 

35 (^ost of Concreting .Mine Shafts E E Campbell Eng and Con, Nov 16, 1921 

36 (5)ncteting the Sacramento Shaft at Biabee Mui A* Sci P>, Oct 7, 1916 

37 Concreting the Denn Shaft F. P Brunei. E dc M Jour, Dec, 1932 




SECTION 8 


SHAFT-SINKING IN UNSTABLE AND 
WATERBEARING GROUND 


BY 

FRANCIS DONALDSON, M. E. 

REVISED FOR THE SECOND EDITION BY 

EDWIN S. JARRETT, C. E. 

AND LARGELY REWRITTEN FOR THE THIRD EDITION BY 

RALPH H. CHAMBERS, C. E., D. ENG. 


ART PAGE 

1. Difficulties and Available Expedients 02 

2 Sheet -pi ling . , . 03 

3. Drop-shafts . . 00 

4. Pneumatic Method 12 


ART PAGE 

r>. Forced Drop-shafts and Honigniann 

Method . . .16 

0 Freezing Method . . 20 

7. Omentation and Grouting Methods.. 23 
Hibliography . . 24 


Note. — Numbers in parentheses in text refer to Bibliography at end of this section. 


8-01 



SHAFT-SINKING IN UNSTABLE AND 
WATERBEARING GROUND 


1, DIFFICULTIES AND AVAILABLE EXPEDIENTS 

Underground water is the principal cause of difficulties arising in sinking a shaft in 
unstable ground, as sand, gravel, clay, or silt. Even in dry soils, the removal of lateral 
support around an excavation may cause a fall, or flow, of the material into the excavated 
space, and when water is present this tendency is greatly increased. The first requisite 
of the shaft is, therefore, a lining or wall; but, if water is pumped out the giound-water 
will flow under the lining into the excavation, carrying with it the finer particles of the 
soil; or partially liquefied clay or silt may be forced up into the shaft by the superincumbent 
weight. In such case, continued excavation and pumping may cause a continued flow, 
with slips and falls of the ground, distortion of shaft lining, subsidence of the surface 
around the shaft mouth and settlement of the sinking equipment and adjacent buildings. 
This situation may prevent further progress, except by a change of method. Hence, 
sinking methods requiring pumping have been largely replaced by those in which pumping 
18 unnecessary. 

Boulders in soft ground often cause trouble and expense. They may force the shaft 
out of plumb, or their removal may require excavation to some depth below the lining, 
at the risk of flow of the surrounding giound with the consequences noted above The 
presence of many boulders may cause large and unforeseen increase in cost, or even 
jeopardize success. 

Seal to rock. The shaft having been sunk to rock, or other stable and impervious 
stratum, a watertight seal must be made between the shaft lining and the rock, and this, 
at a depth where the hydrostatic pressure of the ground-water is a maximum, may bo 
difficult. 

Lateral pressure against the shaft lining varies in different kinds of ground and increases 
with the depth. Pressure per sq It above ground-water level is usually not moie than ,'1() 
lb per ft of depth below surface; below ground-water level, larely more than 00 lb per ft 
of depth below surface, except that in partially liquefied clay or silt it may reach 901b. 

Borings. The success and cost of shafts are so dependent upon the nature of the ground 
that careful preliminary study of subsurface conditions must bo made. The boiiiigs are 
often too few in number or too inconclusive, and a shaft is sunk under adveiso conditions 
which might have been avoided by locating it elsewhere, or which could have been more 
easily and cheaply surmounted by adopting some other im^thod. Borings in soft ground 
are usually of the kind known as “wash borings” (Sec 9), which may be of little value unless 
properly sampled in their original and undisturbed position in the ground strata 

Methods of sinking m unstable ground aie now well standaidized Older methods, 
such as vertical poling boards (anahigous to the method used for tunneling), lining the 
shaft by horiz timbers suspended from trusses across the shaft mouth, or veitical shields 
jacked down below the timber lining, have been replaced by cheaper and moie reliable 
methods. Among these are. 

(а) Wood or steel sheet-piling, braced by horiz timliers or steel beams; or wood lagging 
placed horizontally between the flanges of steel beams, which are drivim in advance} of the 
excavation These methods may be used to depths of 50 to 75 ft, or more, in dry ground, 
or wheie the water level has been previously loweied by pumping 

(б) Drop-shafts, with walls of reinforced concrete built above th(‘ surface, which sink 
as excavation advances. This is usually the cheapest and most reliable method for depths 
of 50 to 200 ft, or more. 

(c) The pneumatic method, which is generally used in connection with drop-shafts 
in sinking through quicksand, or strata of boulders below the giound-water levid, or when 
the sealing of the shaft to rock may be difficult. The limit of depth attainable by this 
method is about 115 ft below the ground-water level. 

(d) Forced drop-shafts, for depths not attainable by ordinary drop-shafts. 

(e) Freezing method, which is used for very deep shafts also. 

(/) , Grouting methods. 
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2. SHEET-PILING 




12 X 12 Framed sets 


Wood sheet-piling may be used as a temporary lining for small depths above water- 
level (Fig 1). This consists of planks, 10 to 12 in wide and 3 to 4 in thick, driven vertically 
around the sides of the excavation and braced by horiz timbers. The edges of the plank 
are usually tongued and grooved (Fig 2), or splined (Fig 3). The piles are set up in the 
bottom of a prehminaiy pit, around two sets of honz bracing which serve as a guide frame, 
and are driven by hand, or by steam or air hammers, as excavation advances. Usually 

the piles are not more than 24 ft long 

and, if this length is not sufficient, two 
or more diives of piles are made, succes- 
sively deeper. As each drive, below the 
first, must be set to clear the breast 
timbers above, the necessary excava- 
tion 18 thus increased. If cross-bracing 
IS required it will interfere with the 
driving of the piles below, and it is 
therefoie desirable, when the honz di- 
mensions of the shaft permit, to drive 
the piles around octagonal f rames (Fig 4) . 

Lowering the ground-water level, by 
use of well-points, is often possible with 
w’ood piling. Well-points are perforated 
pipes, usually 2 G in outside diam and 3.5 ft 
long, connected with 1 5 to 2-in pipes and 
driven 3 to 5 ft apart around the space to 
be excavated The tops of the pipes are 
joined to a header pipe, just above water- 
level, and a pump is connected with the 
header The bottoms of the well-points 
should not be much more than 25 ft below 
the pump Pumping should begin some 
time in advance of the excavation, depend- 
ing upon the nature of the ground Lowering 
the ground-water level is most successful in Pig i Vert Sheet-piling 

medium and coarse sand and gravel In 

very fine sand, clay and silt it is rarely feasible. The location of the well-points, when used in 
connection with wood sheet-piles, is shown in Fig 4, 5. 

Wood lagging is a method of temporary shaft lining, which has recently come into iiso 
(Fig 5L It consists of sijii are-edged wood planks, 10 to 12 in wide and 3 to 5 in thick, 
placed as the excavation advances behind the flanges of previously driven vert steel 
H beams. The steel beams are braced by sots of honz timbers or steel beams They 
may be 12 in deep, 63 lb per lineal ft, or larger or smaller, as required; driven to their full 
length in advance of the excavation, by steam or compressed-air hammers, and may be 
pulled out and salvaged on completion of the jiermanent lining. This method is appli- 
cable to depths of 50 ft or more, in dry ground, or to about 26 ft below original giound- 

water level, wdien this can be pie\iously 

iL jL 1 1 lowered by well-points, as already described. 

^ ^ feasibility of the method depends 

ES ^ upon whether the steel H-beams can be di iven 

in proper location. With many boulders 
^ , ... tliis ma.v Hot bo posslblo. The ground-water 

Gi coved «heet Pile lowered lielow the tops of 

the w^ell-points, and w'hen these are driven to 
rock the water level may be 4 or 5 ft above the rock, in which case it may be necessary 
to use vert sheet-piles, wood or steel, to complete the excavation to rock. 

Steel sheet-piles can be used as a temporary or permanent lining. These are rolled, 
with edges which interlock with each other (Fig 6 ), in a great variety of widths and weights, 
and in flat, U-shaped and Z-shaped sections. Widths are from 8^/2 to 19 ^/s m, weights 
per ft, from 21 to 04 lb, and the section moduli from 1.4 to 9.3-in cubed. They are 
rolled by Carnegie-Illinois Steel Co, Bethlehem Steel Co, Inland Steel Co, and the Jones 
& Laughhn Co, in the U S, and the Larsen, Kloeckner and Hoesch sections in Germany. 

The special advantage of steel sheet-piles is that they are driven in advance of the excavation to 
their full length, down to rock or other impermeable stratum. There is thus a shield between 




Fig 2 Tongue and 
Giooved Sheet Pile 
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the surrounding ground and the excavation. Steel sheet-piles are braced by sets of horiz timbers 
or steel beams, placed as excavation proceeds. In very soft ground the piles when exposed by 
excavation may be bent inward by ground pressure, to obviate which temporary bracing may be 
reqmred at short vert intervals. Joints between sheet-piles are not entirely watertight and pumping 
is often necessary. The piles are threaded into each other and set up in a preliminary pit around 
two sets of the horiz bracing, used as a guide frame. They are driven by steam or compressed-air 
hammers, 2 or 3 ft at a time, successively around the frame until all are down to their full length. 
A permanent concrete limng may be built inside of the sheet-piles, after which the piles may be pulled 
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Fig 4 Sheet-piling with Octagonal Frames 

and salvaged. Shafts can be sunk to 75 ft depth by using steel piles, except in presence of many 
boulders. 

In general, a combination of methods is used for sinking (Fig 7) • wood sheet-piles, or wood lag- 
ging between vert steel beams, down to water-level, and steel sheet-piles below Most of the 
excavation by any of these methods can be done by clam-shell or orange-peel buckets, operated by 
a stiff-leg derrick and a three-drum hoisting engine. The boom of the derrick should be at least 
60 ft long, so that the mast and hoisting engine may be set far enough from the shaft mouth to be 
unaffected by the sinking operations. 

Cost of sinking is usually least for horias wood lagging. Steel piling costs more than the 
other modes of support, but can be used in partially liquefied clay or silt, where other 
methods are not feasible. At present-day prices and hourly labor rates of 40 cts for com- 
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Fig 5. Wood Lagging on Sheeting 
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mon labor, 75 cts for carpenters and $1 for hoisting-engineers, the cost of a 40-ft shaft, 
sunk by each method, is about as follows: wood sheet-piles, $13 GOOijwood lagging, $12 100; 

steel sheet-piles, $14 900. Each of these shafts would 
be 14 ft square in inside horiz dimensions. The cost, 
— including a permanent lining of reinforced concrete and 


Fig 6. Lackawanna Steel Sheet Pile 


contractor’s profit, is based on the assumption that the 
steel piling and steel Il-beams used in the wood-lagging 
method, would be salvaged. The cost of a shaft with 
steel sheet-piling, also 14 ft square, but 75 ft deep and 
55 ft below ground-water level (Fig. 7), would l>e about 
$33 600, including concrete lining and conti actor’s 


profit. In this case, however, it is assumed that the steel piling would be left in place. 


3. DROP-SHAFTS 

Shafts 50 to 200 ft deep, or even more, are now usually sunk by this method. The 
shaft walls are built above the ground surface and sink as excavation proceeds. As no 
pumping IS required, the water press in the surrounding ground is balanced and, except 
in soft clay or silt, theie is little tendency for outside soil to flow into the excavation. 

Reinforcing. Drop-shafts are usually of reinforced concrete. The cutting edge at 
the bottom is usually V-shaped in section, so that it will sink into the ground below the 
excavation level. To prevent injury to the cutting edge by boulders or by blasting, it is 
shod with steel plates 1/2 m thick, or more. These plates should extend up on the outside 
of the walls 3 to 5 ft, and to an equal, or greater, distance along the sloping inside faces. 
They are connected together through the concrete by steel diaphragms placed at freiiuent 
intervals, and the whole shoe should be w'ell anchored by steel bars to the concrete walls 
The shaft walls should be reinforced horizontally throughout their height, to sustain the 
ground pressure and any unbalanced loads. Vortical reinforcement should also be pro- 
vided for bending stresses, and for the suspension of the low’er part of the shaft from the 
upper, m case of inflow of ground at the shaft bottom (Fig 8) 

Friction. In order that a drop-shaft may sink as the excavation proceeds, and thus 
furnish lateral support to the suriounding ground, the friction which develops between 
the ground and outside surface of the w’alls must be overcome. Friction increases with 
the depth below the surface and varies in different kinds of ground, least in silt and suc- 
cessively greater in sand 01 giavel, clay and boiildeis. The aver friction, between the 
surface and bottom of a drop-shaft, may be from 100 to 1 000 lb, or more, per sej ft of con- 
tact surface. With many boulders the friction may be very great, so that the drop-shaft 
becomes permanently locked between them. Usually the friction is from 350 and to 700 
lb per sq ft, and in most cases it is safe to estimate the aver at 500 lb ^ler sq ft for depths 
of 100 ft or less, and 700 lb below 100-ft. To overcome or reduce the Iriction, then^ are 
several expedients. The walls aie built thick enough to sustain the ground pressuie and 
also to furnish the weight necessary to overcome friction, taking into account loss ot 
weight due to buoyancy of the ground-w^ater. 

Drop-shafts are asually sunk from the bottom of a preliminary pit, 15 to 20 ft deep, thus rodueing 
the area of contact between the ground and shaft walls d'he pit is backfilleii after the shaft is 
finished. If the friction is greater than anticipated, additional weight, in the form of pig iron, or 
sand, can be loaded upon the walls above the surface Friction may sometimes be reduc#d by rais- 
ing the level of the water m the shaft above that of the ground- w'ater, thus causing a back flow 
under the bottom of the walls and up around them, or, the water in the shaft may be pumped down 
below ground-water level, thus causing a flow of ground-water into the shaft. This must be care- 
fully done becaiLse of the danger of an inflow of .soft ground 

Jetting around a drop-shaft by water or compre-ssed air is often effective in reducing friction. 
Piping for thus purpose must be installed in the walls as the drofv-shaft is built Jetting nozzles 
are usually placed at two levels, one o to 8 ft above the bottom of the walls, the other 8 to 12 ft 
above the first The nozzles are 1-m diam and discharge horizontally, or upwards at an angle of 
22 1/2 degrees from the vert. Each set of nozzles is connected by 2-in pipes with a horiz header 
2 1/2 to diam, and each header is connected wnth the top of the shaft by a 4-in riser. The 
nozzles should be about 6 to 7 ft apart horizontally; sometimes an additional set, discharging 
vertically downw'ards, is placed in the shaft walls. 

When other means are not effective, light charges of dynamite, exploded in the shaft bottom, 
may start downward movement. This may be done in combination with the other expedients. 

Sinking. Excavation is done by orange-peel or clam-shell buckets, operated by the 
equipment described in Art 2. The shaft must be kept vertical and, in uniform ground, 
this can be done by excavating uniformly around the cutting edge. Deviation from the 
vertical may be remedied by excavating on the high side, or placing additional weight 
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on that side. It is especially important to keep the 
shaft vertical during the early part of the sinking. 
It is sometimes desirable to sink a deep shaft in two 
sections, the lower section from the bottom of the 
upper section. An example of this is a shaft for the 
St. Albert Colliery, St. Albert, Canada (Fig 9). 

If boulders are encountered, the ground under them 
may be cut away until they roll into the excavation, 
but care must be taken to avoid an innish of ground 
and displacement of the shaft. Drilling and blasting 
by divers may be required. It is important to keep 
the weight of the shaft well in excess of the resistance 
due to friction, or to make use of the other expedients 
already mentioned, so that the cutting edge may 
always be buried in the ground below the bottom of 
the excavation. This is especially necessary in very 
soft ground. 

Sealing to rock. When the cutting edge has 
reached rock or other firm stratum, a watertight 
connection must be made between the shaft bottom 
and the rock. Just aliove the rock level there is 
often a stratum of boulders, gravel and sand, through 
which the ground-water flows under hea\T press. It 
may then be necessary to use the pneumatic method 
(Art 4). It 18 possible, however, to seal the whole 
bottom of the shaft with concrete and grout with 
cement around the shaft bottom, through holes dulled 
through the conciete. The concrete is then removed. 

The sealing of the vSt Albert shaft is an example The 
upper section of shaft was sunk 107 ft through sand and 
clay, and Id ft into a 2.")-ft stratum of clay, the presence 
of which made it easy to pump out the upper shaft, and 
start the lovser, which was sunk through the clay stratum, 
and sand and gravel below it, to rock at 200 ft depth. As 
the rock was soft shale it w us excavated by orange-peel 
bucket until the cutting edge reached a depth of 215 ft. 
A weighted wooden box of conical shape tFig 10) was then 
lowered, and concrete (12-1 mixture) placed around and 
over the box until the w'liole shaft ht>ttom was sealed. The 
concrete was placed by covered buckets, lowered through 
the water and emptied through their tripping bottoms. 
After allowing the concrete to set the shaft wa.s pumped 
out and cement grout was forced into the sui rounding 
ground through holes drilled through the concrete When 
the grout had set the concrete plug and the wooden box 
WOK' ri'movod in si’ctioius (Fig UP Only a small infiltra- 
tion of water oiaairred, whn*h was somi stopped by fine 
materials flowing in from the surrounding ground. 

Cost. At present dav piiees and labor i.ates 
(vVrt 2) and inehiding eonti ai’toi ’s piolit, the cost of 
adiop-shaft, 14 ft bipiare m mside dimensions, sunk 
and sealed without unusual difliculty, would be $450 
to $500 per vei t ft In Ait 2 the cost of a shaft 
14 ft squjue inside and 75 tt deep, sunk with steel 
sheet-piles, was given us $3J GOO. A shaft of .same 
size, sunk as a drop-shaft, would cost about $37 200. 
In the first case the depth is almost the limit to which 
a shaft can be sunk by piling, while di op-shafts can 
go to much greater dejiths at a deci easing cost per 
linear ft, as depth inei oases. In presence of boulders, 
sinking by steel piling would involve diflieulties that 
might prove insurmountable, wdiereas, with drop- 
shafts boulders are readily handled unless present in 
great numbers, and (‘ven then they can lie removeti 
by using the pneumatic method (Art 4). For very soft 
ground, however, steel piling has a very definite place. 

I- i) 



Fig 9 Drop-shnft in Tw’o Sectiom 
St Albert Colliery, Canada 
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I. Shaft 2, Roundout siphon, Catskill aqueduct. The caisson for soft-ground portions of shaft 
was cylindrical, 26 ft outside diam, walls 2 ft 6 in thick. Shoe was built of 0.5 by 20-in steel plates, 
with 4 by 1-in filler at cutting edge, and was anchored to concrete by 80, 8/4 by 30-in rods, attached 
alternately to inner and outer plates. Concrete consisted of 1 cement, 2 sand, 5 stone. Inner 
and outer forms were of 2 by 6-m vertical wood lagging, supported by angle-iron rings, tied through 
walla with B/gdn rods. Caisson was bmlt in 5- and 10-ft lifts to full depth of 55 ft, lifts being 
bonded together by 1-in vertical reinforcing rods, 4 ft c-c. 

Finished shaft was 10 ft 8 in by 22 ft in clear. Borings showed 60 ft soft ground, the upper 
6 ft being sandy loam, and the rest a material resembhng blue clay when dry, but was completely 
saturated in place, flowing “like cold molasses and very sticky.” On bed rock, and surrounded by 
soft soil, were numerous hard boulders of all sizes. The shaft site was leveled, shoe assembled upon 
short planks laid on ground, and concrete forms started. 5 ft of concrete was placed and allowed 
to set for a week; 10 ft more was then placed and when sufficiently set, sinking was begun Mud 
was loaded into shaft buckets, sometimes with shovels, sometimes with water buckets, by men 
standing on plank rafts Concrete was added as caisson sank. At a depth of 45 ft a layer of very 
soft mud was encountered, which ran in under one side of shoe, throwing caisson 2 ft out of plumb. 



Opeiationsto be followeil in numerical oiUcr; 

1. Make giout holes and giout up as Inillcated 

2. Cut away first section of plug as shown 

3. K-xcavate and place portion of ilning before cutting plug to full size 

4. Cut away second section of plug as shown 

5. Cut away thiid and last section of plug to full opening and commence 
lining upuaids 

Fig 10 Method of Opening the Seal, St Albert Shaft 

A trench was therefore dug through surface loam on high .side of caisson, the material from it w^as 
piled against low side, and when sinking was resumed the caKson straightened up. About 0 ft 
from rock, the shoe was stopped by boulders for long enough time to allow mud to stick to caisson 
walls, so that after boulders were blasted out it was necessary to load caisson with 200 tons of clay, 
and also to agitate the mud with compressed air blown through 1.25-in pipes built into the wall. 
A layer of hardpan was found just over the rock, into which the cutting edge sank deep enough to 
seal the caisson automatically. Average progress, from building shoe to sealing of caisson was 1 2 ft 
per day, including concreting and delays. Cost per ft, before 1914. concrete and shoe, )^61. labor 
excavating, $39; general expense, $32, total, $133 Before sinking was stopped by boulders, at 
depth of 50 ft, skin friction was less than 380 lb per sq ft, afterward, at same depth, over 500 lb 
II. CoUiery shaft for D, L & W RR Co, near Wilkes-Barre, Pa (Fig 11). Caisson was of concrete, 
rectangular section, with rounded corners, and divided into 3 compartments by cross walls. End 
compartments were arranged to permit further subdivision by timber buntons. Outside dimensions, 
28 by 591/2 ft; total height 90 ft Thickness of walls at bottom: sides 7 ft, ends, 5 ft 4 in, outer 
surfaces vertical, inner surfaces stepped, in lifts of 9 ft 8 in, thickness at top, 2 ft 8 m, mam walls 
reinforced vertically and horizontally with 1- and 1 25-in rods. At 7 ft above shoe, caisson was 
closed by an air-tight deck, for sealing caisson to rock under air pressure (12) 

Ground was leveled, shoe assembled, and 20 ft of concrete placed. Sinking was carried on day 
and night, each shift consisting of a foreman and 16 men in shaft. After shoe reached rock, the 
soft ground was held back temporarily with timber blocks wedged into place under horizontal 
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PLAN 

Fig 11 Del, Lack <fe Western Colliery Caisson {Eng News) 


portion of the shoe. As this stratum nnos not firm enough to make a permanent seal, the shoe was 
undercut and shaft excavated 4 to 5 ft larger all around 
than in.side section of caisson at bottom In blasting, groat 
care was taken not to break the lodge under shoe and block- 
ing Sound rock was found lo ft below cutting edge, and a 
wall WHS built up to underside of caisson. Drain pipes dis- 
posed of water breaking through blocking, and were grouted 
after wall was finished and concrete had set. During con- 
struction of this wall, water was led to the pipes by building 
a small brick dam upon the ledge. Total depth of soft 
ground, 70 ft; average progress, including bmlding of caisson 
and construction of temporary seal, about 7 in per day. Skin 
friction, somewhat less than 700 lb per sq ft. 

III. Colorado River siphon, Arizona (17). Shaft 30 ft 
outside diam, Walla 3.5 ft thick, except for 10 ft above 
cutting edge (Fig 11a). Shoe was assembled on bottom of 
a pit 10 ft deep, and concrete walls w^ere carried up 10 ft 
before mnkuig began. Excavation by hand to depth of 73 ft. j, Cutting Edge of Shoe, 

making 62 ft sunk and about same height of walls built m (^'olorado River Caisson (Rivets on 
71 days. Pumps were used for lower 45 ft. When inflow outside countersunk) 

amounted to about 1 000 gal per min, inrushes of ground 

under shoe prevented further progress; the caisson w'aa then flooded and dredged with a V 2 *^ti yd 
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clam-shell bucket Ground was quite firm, and after caisson had sunk 5 ft farther it stuck, although 
all material that dredge could reach was dug out to depth of 10 ft below shoe Advance of 11 ft was 
made by lowering water level inside caisson, and a further advance of 2 ft by exploding dynamite 
charges in pipes jetted down on outside to depth of 5 ft below shoe 10 ft more were gained by 
blasting underneath shoe, with dynamite placed by divers Caisson then stuck fast, being held 
by skin friction of over 400 lb per sq ft The 34 ft done by dredging to this point took 60 days 
Successful attempt to relieve skin friction by water jetting around the outside was now made, 
by which, and with use of dynamite, the caisson was sunk to final depth of 139 ft, a further penetra- 
tion of 32 ft in 38 days From completion of first 10 ft of wall above the shoe, 128 ft of caisson was 
built and sunk in 160 days Max skin friction about 460 lb per sq ft even when caisson was flooded 
IV. Two shafts for Norwood-White Coal Co, near Des Moines, Iowa (1921), both 8 by 12 ft, 
sunk through 110 ft quicksand Premoulded reinforced concrete sections 12 ft high, with simple 
cutting edge on bottom sec, were placed as excavation by clam-shell proceeded Good joint secured 
by cutting edge settling in impervious material over rock Mam shaft was nearly water-tight 
and only 8 in out of plumb Air shaft m poorer alinement and more leaky Life of nune being 
estimated at 10 yr, expensive shafts not warranted (20) 
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This IS generally used in connection with the drop-shaft method where there is danger 
of an inflow of soft ground, when there aie many boulders below water-level, or when mak- 
ing the seal between shaft lining and rock proves diflScult The procedure is exactly the 
same as described in Art 3, except that provision is made in the shaft for an air-tight deck, 
to be put in if the pneumatic method becomes advisable The space below this deck is 
filled with compressed air, to drive out the water from the interstices of the ground, so 
that men can work in the shaft bottom 

Special equipment. The deck is of timber or reinforced concrete, designed to withstand 
the maximum air pressure that may be required, or to sustain the weight placed upon it 
for sinking Edges of the deck project into a notch m 
the shaft wails It is usually necessary to pump down the 
water before installing the deck, which is preferably placed 
7 or 8 ft above the cutting edge It may be advisable to 
provide an upper notch in the shaft walls, in which the deck 
can be set if the lower notch is 
under water 

Access to the w orkmg cham- 
ber below the deck is through 
a cylmdncal steel shaft, bolted 
to the deck and extending ver- 
tically to a point above ground 
water-level This shaft is usu- 
ally 30 to GO in diam and 3/g m 
or more m thickness, as may 
be required to withstand the 
air piessure It is made in sec- 
tions 10 to 15 ft long, bolted 
together with ruhbei gaskets 
at the joints The shaft is 
equipped with laddei rungs 
To prevent cs( apo of com- 
pressed air through the shaft 
an an -lock is mounted on the 
top This 18 essentially a chamber with two doors and means whereby compressed air 
can be admitted to or discharged from it When the lower door is closed and the upper 
door open, men or a bucket can enter the lock The uppei door is then closed and com- 
pressed air IS admitted until the pressure w'lthin the lock ecpials that m the working 
chamber On opening the lower door, the men go down the ladder to the working chamber, 
or the bucket is lowered To leave the working chamber, the operation is reversed 
Several types of air-lock have been devised, but at present those generally used are the 
Mattsen lock and the Moran lock (F'lg 12, 13) 




The upper door of the Mattson lock is in the side, opening and closing by rotating about the axis of 
the lock The rope by which the bucket is hoisted runs through a stuffing-box in the top The bucket 
can not, therefore, be hoisted through the top, but must be dumped tiiroiigh the side door, or the 
hoisting rope may be detached and another hooked to the bucket The upper door of the Moran lock 
IS m the top, and is in two sections which close around the hoisting rope, or, m another form, there 
is a single door closing around a slot provided with a staffing-box, which is vertically above the 
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center of the lower door. When a bucket is lowered into the lock it is swung over until the hoisting 
rope enters the stuffing-box, and the door is closed. The air in the lock having been equalized, 
the lower door is opened and the bucket lowered into the working chamber Usually, only one 
shaft and air-lock are required; men, buckets and materials passing through the same lock. Air- 
locks should be placed above the level of the ground-water, so that in case of a sudden loss of air 
pressure and the flooding of the working chamber, the workmen can escape into the lock. 

Excavated materials are shoveled 

into buckets and hoisted from the ■* ~To hois t 

working chamber by a derrick and Rotating door ^ .Glasf buU’s eye 

double-drum hoist at the surface. ValvcB\irlfc/ 

Buckets are 24 to 33 in diam and 33 Original surface E1.43.7\l|m!r / Section holding trap-door 


into buckets and hoisted from the 
working chamber by a derrick and 
double-drum hoist at the surface. 

Buckets are 24 to 33 in diam and 33 Original gui 

to 40 in high, depending on the shaft m imm iirT ^ 

diam and size of the lock. To facili- Mi 

tate dumping, they have a steel bail 
at the top and a ring on the bottom. g 

When the excavated material 
is granular, or is soft clay, and the 
air pressure is sufficient, the spoil f, 

can be discharged from the working pL 

chamber to the surface by a blow- | 

pipe. This IS a 4-in pipe running 
vertically from a point above the H 

surface, thiough the deck and into M 

a water-hlled pit in the bottom of ^ 

the working chamber. A quick- 
acting valve is placed in the pipe ^ 

just below the deck. The exca- 
vated material is piled around the 
Ixittom of the pipe, the valve is 
opened for a short interval, and 
the air pressure forces the spoil up 
and out of the uppei end of the 
pipe. The stream of spoil issuing 
from the blowpipe is deflected by 
an elbow, the back of which is of 
chilled cast-iron to resist wear and 
IS lenewable. 

Cornprcs.sed air is supplied to the 
working chamber by a lov\ -pressure 
compressor, with a standby in case of 
breakdown. The piping, 3 to l-in 
diam, should he in duplicate. For 
drilling, a high-prevssure compressor 
may also be neces.sary Smaller pipes 
are provided for electric light wires 
and a signal whistle. The principal ^ 

features of a drop-shaft equipped for 
the pneumatic method are shown in Spaoe filled wltb^ 
Fig 14. mud and grout ^ 

Weighting. To cause the shaft EL-2I).4-^ 

to sink, by overcoming the uplift I I mortar^ 


TrptwUlon 
sect too 


Weighting. To cause the shaft 
to sink, by overcoming the uplift 
of the compiessed air plus the ex- 
ternal friction, the walls must usu- 
ally heavier than those of an 
oidinary drop-shaft; or weight is 
added on top of the shaft, or on 
the deck But, the escape of the 
compressed air under the cutting 
edge and up the outside of the 


Jiti J- 2' grout pipes^ 
T" k orking chambe^^ 


1 .2 collar 
^Steel ahoe 
f;fy£L.26.2 

Bottom 
of seal 


CITY TUNNEL 

CONTRACT 67 SECTION 8 SHAFT 19 
COMPRESSED AIR CAISSON 


Fig 14. Drop-shaft equipped for Pneumatic Method 


shaft may mateiially reduce the exterior friction. In ground other than soft clay or 
quicksand, the shaft may sometimes l^e started by suddenly reducing air pressure in the 
working chamlier (the men havnng left it). 

Air supply. The air pressure may be greater or less than corresponds to the depth 
below ground-water level. A thick bed of clay may cut off water and so reduce the 
pressure; or the water may he below such a stratum, artesian in character and under 
heavy pressure. Greater depths than would otherwise be attainable can be reached in 
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gravel, boulders or loose rock, by maintaining a lower pressure than is required and 
blowing out through blowpipes the water entering the working chamber. Or the water 
level may be lowered by pumping through holes in the shaft walls above the deck. The 
supply of air for ventilation (30 cu ft per man per min) is usually less than is necessary 
to replace air escaping under the cutting edge. 

Physiological effect. Men can usually work in compressed air, up to a pressure of 18 lb per 
eq in (equivalent to 41.6 ft below ground- water level), with little inconvenience. At higher pres- 
sures, the working time in each 24 hr must be reduced, and time spent in passing from the compressed 
air to the normal air must be increased The maximum pressure in which men can work is about 
50 lb (equivalent to ll.'5.5 ft below water level). All men who are to work in compressed air should 
be examined and qualified by a physician (see Caisson Disease, Sec 15). 


Table 1. Requirements of New York Law for Caisson Work 


Pressure, lb 
per sq in 
above, normal 

Shifts and rest intervals 

Decompression 

Total hr 
worked per 

24 hr 

Max length 
of shift, 

2 per 24 hr 

Mm time in 
open air, hr 

Pressure, lb 
per sq in 

Mm rate, 
lb per mm 

Up to 18 

8 

4 

1/2 

Up to 15 

3 

18-26 

6 

3 

1 

15-20 

2 

26-33 

4 

2 

2 

20-30 

11/2 

33-38 

3 

I V2 

3 

30 and over 

1 

38-43 

2 

1 

4 1 



43-48 

1 1/2 

3/4 

5 1 



48-50 

I 

I/O 

6 




Sealing to rock by the pneumatic method is similar to that for ordinary drop-shafts, 
except that the men in the working chamber have direct access to the work, which therefore 
can be done in a more positive manner. The problem is to stop the inflow of water, 
while still preventing the escape of compressed air below the cutting edge into the sur- 
rounding ground. This may be done by plastering with moist clay, or by a strip of water- 
proofed canvas, but grouting, with cement or chemicals is often necessary. 

Fig 15 shows the procedure m sealing a number of shafts sunk in connection with the NY City 
tunnel, of the Catskill aqueduct The ledge rock was leveled, the shaft walls supported on posts, 
and excavation carried 3 ft into the rock, one ft larger in diam than the shaft shoe The rock walls 
were lined with a 1 to 2 mortar wall, with a 3 / 4 -m clearance outside the shoe. Grout pipes imbedded 
in this lining were sunk into the rock. A thick layer of oakum was placed under the cutting edge 
of the shoe, and the posts supporting the drop-shaft were shot out, thus allowing the shoe to drop 
on the oakum. Grout was then injected into the rock through the pipes imbedded in the shaft 
walls. 

Wages of compressed-air workers. At the present time (1937), union wages of compressed-air 
workers in N Y City and vicinty are $12 per day for pressures up to 18 lb per square inch above 
normal. For each increase in pressure (approximately as in Table 1) the rate is increased by 5U cts 
to a maximum of $15. For placing concrete in the working chamber, 50 cts are added to the rate 
paid at the working pressure. Gang foremen receive $1 additional. Double time is paid for 
work on Saturdays, Sundays and holidays In other parts of the U S, particularly 111 the South 
and Middle West, rates are considerably lower. 

Costs of shafts sunk by the pneumatic method vary greatly with their diam, character 
of ground and depth sunk under compressed air. To the ordinary cost of the drop-shaft 
method must be ^ded cost of assembling, installing, repairing and dismantling the sinking 
equipment (air compressors, air coolers and receiveis, boilers or electrical connections 
and the special equipment already described); fuel or electric power; maintenance of 
compressed-air supply; experienced supervision; dressing and bathing facilities for the 
compressed-air worker.?; and the greatly increased cost of excavation done under com- 
pressed air. A shaft 14 ft square inside and 125 ft or more in depth, sunk m part and sealed 
by this method, may cost, including contractor’s profit, $550 to $600 per vertical ft, or 
more, depending upon character of the ground. 

Advantages. Notwithstanding its higher cost, the pneumatic method, within the 
limit of depth for which it can be used, is the most reliable. The men have direct access 
to the work; boulders can be blasted and the excavation made without danger of influx of 
the surrounding ground, or displacement of the shaft. Even if a drop-shaft becomes 
looked in the ground by boulders and refuses to sink farther, a now shoe can be assembled 
below the first one and jacked down, using the weight of the shaft walls as a reaction. 
Walls can be built on the new shoe as it moves downward. For these reasons all drop- 
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shafts should be provided with notches in the walls, at one or more levels, so that, if 
necessary, a deck can be put in and the pneumatic method used. 

I. Shaft 19, N Y aqueduct (Fig 14). For structural reasons not related to sinking, both vertical 
and horizontal reinforcement of concrete was made unusually heavy. The wall thickness of 2 ft, 
for a required inside diam of 15 ft 4 in, was at least 1 ft less than ordinarily required for a caisson 
of same depth. The deck was a 3-ft slab of reinforced concrete, cast integral with caisson walls, 
and was cut out after seal was made. Except for the concrete deck, the design was typical: a 36-ln 
circular opening was provided in deck and a vertical line of 36-in flanged steel pipe (air shaft) was 
led from opening to top of caisson, where air lock was attached. Opening was formed by casting 
bottom leqgth of air shaft into the deck; (where deck is of wood or iron, the lower flange of air shaft 
18 bolted to It). Air shaft was long enough to keep lock always above ground-water level, so that, 
in case of accident to lock or to air-compressing plant, the caisson men would not be trapped by 
rising water. Air shaft had ladder rungs so arranged as not to interfere with operation of bucket. 



Position of shoe when mortar Is 
being placed 

8-2 grout pipes around 
perimeter at 5'above shoe 


Tcmi)orary wooden struts 
^ eupporting caisaon 


8-2 grout pipes around 
perimeter at 3'above shoo 


- grooves in mortar collar 
formed by nailing b^'tound 
strips to form V’crtlcal 
groo> es, esery 6 ft around 
perimeter, connect the hori* 
zontal grooves the whole 
forming a grouting dramago 
. system. Just prior to grout- 

iKum , blown into clean 

^,,lau 14 iluck s^^Vfacos 

I A total of C-2 'plpos around perimeter 
' two at each gtoo\c 


C"*! OVooden blocks capped with 
plate, j)laccd at -I'intcrcals torcceise sbo> k of dropping 
caisson I ue inches ol oakum placed uuJcr the entire 
perimtter prior to dropping, to insure water tuhtncss. After 
caisson is dropped, grouting is immediately atarted. 
S^O^collar may be toduced to 2 0 collar 
depending on ruck conditions and ground 
water level 


CITY TUNNEL 
CONTRACT 67 SECTION 8 
COMPRESSED AIR WORK 
sealing caisson in 
EARTH TO ROCK 

I 1 1 1 

0 0 in 1 ft 2 ft 



Fig 15 Sealing Details for Drop-shafts 


Fig 16 Caisson for Kidder Shaft, 
Cleveland-ClilTs Iron Co 


Besides the air shaft, one or two 3-m inlet air pipes, fitted at bottom with check valves, a 0.75-in 
whistle (signal) pipe, a high-preasure air pipe, a conduit for electric wires, and sometimes a 4- or 
0-in discharge or “blow" pipe, are led through deck. In deeper caissons, 2 air shafts were pro- 
vided. fitted respectively with a material lock and a man lock. 

II. Kidder shaft, Cleveland-Cliffs Iron Co, Mich. Caisson was 24 ft outside diam (Fig 16). 
Air shaft, 10 ft diam, was used first as a dredging shaft for a clam-shell bucket, which excavated 
to a depth of 87 ft. As it then became necessary to use compressed air, a deck and air lock were 
bolted to the top. Ledge rock was reached at 104 ft. Shoe w'as sealed to rock at 113 ft. Average 
progress, 0.72 ft pet day elapsed time 

III. Two colliery ghafts, near Terre Haute, Ind, 16 and 20 ft inside diam, were sunk in 1923 
by pneumatic caissons, through 140 ft of sand and gravel, 111 ft of which were water-beanng. 
Caissons and working chamber roofs w'ere of concrete Air press reached 51 lb per sq in. One 
caisson landed on a coal stratum and then penetrated fireclay before reaching rock. Lubricating 
pipes were used. Shafts were near Wabash River and water conditions were probably affected 
by this proximity. Some difficulty m controlling the sinking of the caissons. 
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Table 2. Details of Sinking 5 Reinforced Concrete Caissons, Catskill Aqueduct 



Shaft 19 

Shaft 20 

Shaft 22 

Shaft 23 

Shaft 24 

Outside diameter, ft 

191/3 

191/3 

19 1/3 

24 

24 

Inside diameter, ft 

151/3 

151/3 

151/3 

18 

18 

Total height, ft 

45 

105 3 

100 

123 

105 6 

Number of locks 

1 

2 

2 

2 

2 

Concrete proportions, ce- ) 

11/3:2:4 

11/3:2:4 

/ I 1/3 : 2 : 4 

1 1/3 : 2 : 4 to 

11/3:2:4 to 

ment: sand: stone J 

(to 1:2:4 

1:2:4 

1:2:4 

Depth sunk under com- 






pressed air: 

In sand, ft 

11 

77 

50 3 

105 

59.5 

In rock, ft 

Average progress: 

142 

33 7 

13 7 

14 

10 

Concreting, ft per work- 






ing day 

3 75 

2 85 

3 56 

3 23 

3.08 

Sinking under pressure 
in sand, ft per hr. 
Sinking under pressure 

0 0275 

0 0346 

0 0393 

0 0591 

0 028 

in rock, ft per hr 

0 0035 

0 0075 

0 0056 

0 004 

0 0025 

Hours constructing seal 
Average progress, ft per 

64 

35 

51 

51 1/2 

51 

day elapsed time, from 
placing shoe to comple- 
tion to total depth . , 

0 82 

1 18 

1 25 

1 20 

1 22 

Maximum air pressure, lb 






per sq in 

17 

39 

28 

46 

29 5 

Weight of caisson, tons . 
Weight of caisson, with 

460 

1 050 

978 

2 323 

1 780 

max load of sand and 
pig-iron, tons 

700 

2 100 

2 470 

4 612 

4 046 

Frictional resistance, lb v 



( 630 at 81 
( 751 at 95 

(1411 at 45 

1 685 at 49 

per sq ft of outer sur- | 
face, at various depths f 
of shoe J 

300 to 400 

630 

1 202 at 86 

1 872 at 1 16 

1 101 at 79 

945 at 93 5 

Contract price per ft for 






sinking only (concrete 
and reinforcing steel 
paid separately) 

$466 

$471 

$456 

$735 

$614 


Note. — All these caissons were weighted with excavated sand piled on top of deck around air 
shafts In each case, a pit was excav'ated and timheied square to depth of about 20 ft. The shoe 
was set on. bottom, and caisson built to its full height before sinking was staited. Contract price 
allowed a fair profit to contractor. 

6. FORCED DROP-SHAFTS AND HONIGMANN METHOD (?.(>-35) 

Until it becomes necessary to reach the more deeply buried orebodios, American 
practice can furnish no such examples of deep shaft sinking in soft soils, by freezing, 
cementation and forced drop-shafts, as are common in Europe. There, exhaiLstioii of 
the easily accessible deposits has compelled high development of the art, intensive study 
of methods and large expenditure of money. Hence, for detailed information, it is 
necessary to consult the large volume of European technical literature on this subject. 

General description. To penetrate depths of quicksand and other unstable, water- 
bearing material, beyond the limit of open or pneumatic caissons, a method has been 
developed in Germany of jacking down a telescopic series of iron drums, inside of and 
reacting against a previously installed concrete curbing. The latter is strong and heavy, 
and built into it, near the top, is an internal cast-iron flange, the beacti’ion ring. This, 
anchored by vertical rods extending to the shoe, resists thrust of the jacks, which are 
attached to and bear against under side of ring. The caisson is sunk by dredging in 
the open to a depth of 50 or 60 ft; then a concrete floor (seal) is placed in the bottom 
(under water if necessary), and shaft is unwatered. A cast-steel shoe, with an outside 
diam slightly less than inside diarn of curbing, is set on the concrete floor, and a cylindrical 
drum, of flanged and bolted cast-iron segments (similar to shaft tubbing, Sec 7) is built 
up from shoe to under side of the jacks. The concrete seal is then broken, thus admitting 
water to natural level, and the drum is jacked down, the material being excavated under 
water by grab bucket, “ mammoth ” pump, or sack borer (described below). Finally, the 
jacks are removed and more segments of lining added as required. With hydraulic jacks, 
a drum 20 ft outside diam can usually be forced down 250 to 300 ft before it sticks. If 
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rock lies still deeper, the bottom is again sealed, the shaft is unwatered, a second drum 
of smaller diam is built inside the first, the jacks are shifted inward to bear upon it, and 
sinking is resumed. Frequently a second drum has been necessary; less often, a third (3). 

Details of construction of curbs, drums and sinking plant are shown in Fig 17 and 18. A head- 
frame handles the machinery, which includes: trepans, similar to those used m the Kind-Chaudron 
boring method for rock (Sec 7), for breaking up the concrete floor and any boulders or partly 
cemented ground that may be met; the curbing, with reaction ring and hydraulic jacks, and sinking 
drums. The outer drum (Fig 17) is the patented Pattberg compound, the cast-iron shell of which 
18 lined with 22 in of strong brick or concrete, for additional weight and stiffness; the second is a 
simple iron-segment drum. The compound drum is made necessary by the great earth press at 
depths of 300 or 400 ft, a number of shafts having been lost by collapse of unsupported iron drums, 
notwithstanding use of segments 3.5 in thick. The segments are about 5 ft high, flanged and 
bolted on both horiz and vert joints, and 8 to 10 of them make up a ring. The shoe must be very 
strong and heavy, and anchor and reaction rings and all bolts must be designed to carry safely the 
full thrust of the jacks. For considerable depths, the grab bucket used in ordinary caissons has 
been superseded by the mammoth pump in firmer, and the sack-borer in softer, soils. 

Mammoth pump (Fig 17) is essentially an air-lift pump (Sec 15). Inside the hollow 
stem of the trepan is a small pipe carrying compressed air to a point near bottom of the 
cutting tool and releasing it into the stem. The air lightens the column of water in the 
stem, and discharges it at the surface, carrying with it the material pulverized by the borer. 

Sack-borer (Fig 18) is a large auger-like tool, with its stem in center of shaft. The 
stem is composed of a series of lengths of heavy flanged pipe, terminated at upper end by 
a splined section, on which is mounted a large horizontal gear-wheel. A wire rope, from 
hoisting engine drum to swivel link at top of stem, suspends the sack-borer. The stem 
IS rotated through the gear-wheel by another engine, and is lowered gradually by hoisting 
rope. New sections of borer stem are added as shaft is deepened. Cross arms are attached 
to the stem at intervals, having rollers at their ends which bear against sides of shaft and 
keep stem in line Material cut by the rotating borer is swept into two heavy, open- 
mouthed canvas sacks, fastened to backs of cutters. From time to time the borer is raised 
and emptied. In an improved form, the sacks are mounted on a frame sliding on guides 
attached to cross arras on stem, and are hoisted by an independent engine. The sack- 
borer 18 best adapted to clay and sand. 

I. Shaft 5, Rheinpreusaen colliery, Homburg am Rhein, Germany, was started in 1901 with a 
brick caisson 29.2 ft inside diam, walls about 3 5 ft thick. This reached a depth of 05 ft. Concrete 
plug, 9 ft thick, was then placed on the bottom, under water, the shaft was pumped out, the anchor 
ring, rods and reaction ring (designed for a pressure of 3 000 tons) were erected, and an inner truly 
vertical, brick lining was built, reducing inside diam to 25 68 ft. A compound sinking drum with 
outer and inner diam of 25 52 and 21 32 ft respectively was then constructed, and sinking was begun 
\^ith a percussion borer and mammoth pump The concrete was bored through in 4 days, and 
thereafter the average progress was about 5 ft per day. The compound drum stuck at 245 ft, and 
shaft was filled for (iO ft with sand and gravel (instead of concrete). Shaft was next pumped out 
and an iron drum, 3 5 in thick and 19 35 ft inside diam, was built up to the jacks. This drum stuck 
at 315 ft; the shaft was again partly filled and pumped out, and another drum, 17.38 ft inside diam 
was forced to a depth of 313 ft, where the shoe entered clay firm enough to permit shaft to be 
pumped out. A fourth drum, 15 3 ft inside diam, was finally forced to the coal measures, at a 
depth of r)()<S ft The sinking took 3 years, the average progress being about 6 in per day (3). 

II. Sterkrade shaft, near Holten, Germany, was started wuth a brick caisson 2i G ft inside 
diam, which was sunk to a depth of 59 ft. The excavation was continued by hand to 131 ft, where 
an iron sinking drum, 22 ft inside diam, was constructed This drum was forced to 264 ft; a second 
drum, 19 3 ft diam, to 433 ft; and a third, 16.75 ft diam, to 448 ft. Here the water was found to 
be successfully shut out, and sinking was continued by hand (3). For cost, see Table 3 

Average cost per ft of sinking-drum method in Germany, at various depths, is given by Henry 
Louis (1) as follows- 82 to 164 ft $260. 164 to 328 ft $593, 328 to 492 ft $817, 492 to 656 ft $1 040 

Sassenberg process of hydraulic flushing reduces skin friction and adhesion in some soils. 
Shoe and 4 lining rings above it are about 1 5 in larger outside diam than the rest of the lining, 
and in the shoulder thus formed are w-ater passages, connected through pipes to a high-press pump. 
Jiy operating this pump during sinking, the drum is partially surrounded by a film of water. 

The forccd-drop-ahaft has been used in sinking a number of shafts. At present, how- 
ever, it has been replaced by the Honigmann method, or by freezing, or cementation. 

Honigmann method (35). The essential difference between this and a forced drop- 
shaft IS that the lining is installed after the excavation is completed, instead of closely 
following the cutting tool. The advantage of this is that the cast-iron tubbing can be 
assembled and bolted together above the surface, before it begins to sink. Access for 
calking the outside of the joints can therefore be had, and the cost of assembling and plac- 
ing the lining is reduced. 

Honigmann observed that the walls of a boring in sand fell in, even when the hole is filled wdth 
water to a level above that of the ground-w'ater, but if the walls were coated with clay they remained 
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Fig 17. Honigmann Method, Mammoth Pump and Fig 18 Rack Borer Adolf Shaft, 
Borer. Shafts IV and V, Rheinpreussen Colliery, Qer- Eschwexler Mining Co, Germany 
many. A, Suction Pipe and Overflow; B, Compressed (Riemer) 

Air; C, Caisson; D, Shoe; E, Anchor Rods; F, Com- 
pound Lining, II, Cast-iron Lining (Riemer) 
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Table 3. Cost of Sterkrade Shaft 


Brick caisson, 59 ft @ $285 


$16 800 

Ist iron drum sunk 133 ft @ $502 



Segments 

$32 900 


Labor and supplies ... . 

33 900 

66 800 

2nd iron drum sunk 169 ft @ $715 



Segments 

75 300 


Labor and supplies . . . . 

45 900 

121 200 

3rJ iron drum sunk 15 ft @ $6 060 



Segments . . 

71 500 


Labor and supplies 

19 300 

90 800 

Depreciation of plant and fittings, 50% of new value. , 


43 300 

Total . . 


$338 900 

Less salvage on tubbing recovered from inner drums 


35 700 

Total cost for 376 ft .. .. .. ... 


$303 200 

Cost per ft 


807 


standing The theory is that the increased head of water in the boring, over that in the ground, 
causes a pressure against each gram of sand in the walls As the water flows between and around 
the grams, the pressure is equalized, with no force to resist the force of gravity which caused the sand 
to fall, but, if the walls of the hole are coated with clay, no w’ater can enter between and behind 
the sand grains in the walls, and there is therefore a pressure against the inside face of each gram 
to keep it in place. This idea he applied to large borings like shafts 

The boring tool of the Honigmann method (Fig 17) is an inverted cone, with the apex 
at the center of the excavation, provided with steel knives which cut the ground as the tool 
18 rotated. The hollow stem is extended through the tool to the bottom of the conical pit 
thus made. Compressed air is carried dowm through a small pipe in the stem and dis- 
charged just above the bottom. The stem thus becomes a mammoth pump (Fig 17), 
w’hich discharges at the surface the material loosened by the borer. The shaft is filled 
with an emulsion of clay to a level considerably above that of the ground-water, to provide 
support foi the excavation walls. At the surface the spoil deposits from the discharged 
water by sedimentation, the water being returned to the shaft with an additional admixture 
of clay if necessary. To coat the sides of the shaft properly, the percentage of clay in the 
watei varies with the character of the ground. In clayey soil, 15% is considered sufficient; 
in sand, 20^7 and in gravel, 35%. 

The shaft excavation never made to its full diam in the first cut. It is begun with a 
diameter of b 5 to 8 ft and completed to the bottom. The diam is then increased by 
one or more successive cuts, with huger tools mounted on the stem. Between the tools, 
the stem carries a cylindrical guide fitting closely to the w alls of the first cut, w^hich must 
be true and plumb; otheiwise, the installation of the sinking lining w’ould be difficult. 

The first ring of the tubbing or lining, w'hich has a cutting edge on the bottom, is 
assembled over the mouth of the shaft. It is laid out in a true circle, leveled with its axis 
coinciding wuth the shaft axis, and hung by threaded rods to the tow'er over the shaft. 
This ring is Ixilted ui) w ith lead gaskets in the veitical joints. The second ring is assembled 
aiul similarly bolted to the first. The gaskets are then calkeil from the outside and a 
false bottom of concrete is placed in the bottom of the assembled rings. By means of 
the threaded rods the two rings are low^ered in the shaft ami additional rings aie added 
and calked. Because of the false bottom, the assembled ring.s wnll eventually float in the 
water, and, to continue sinking, w^ater must be run into the cylinder. When the low^er 
edg(‘ of the tubbing reaches a point about 3 ft above the shaft bottom, the space under 
the false bottom and around the outside of the low'or rings is filled by a tremie wuth cement 
giout between the lining and shaft-walls The lining is then lowered into the giout, and 
when it has set, the grouting behind the lining is continued to the top of the shaft. The 
false bottom is then cut out by jackhammers, after borings through it have tested the 
watertightness of the grouting. 

This method is simple and ingenious in nil its dotail.s. It requires little material and equipment 
and few men, and is much less costly than the freezing method hereinafter described It is best 
suited to soft ground, but strata of cemented sand and gravel, sandstone or limestone can be passed 
if not too thick. A great advantage is the security afforded the workmen, in not being exposed to 
accident during sinking and lining the shaft The method can not be used, however, if a sub- 
terranean water course or absorbent stratum is encountered, which might carry away the water 
in the shaft. This situation developed while a shaft, 17 ft net diam, was being sunk for the Dutch 
Govt; after reaching a great depth, the work had to be abandoned. Another disadvantage is that 
the excavatioQ may get out of line, if inclined hard strata are encountered. Trouble may also arise 
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becaiise of the swelling of the walls of the excavation and sticking of the lining during its descent. 
To obviate this the bottom of the lining is furnished with a conical piece which is removed after 
the false bottom is cut out. 

The Honigmann method has been used successfully for a shaft 19.7 ft net diam, excavated to 
a diam of 24 ft and sunk to a depth of 1 385 ft. The Dutch company (La Society Mijnbouw) 
holding the rights states the cost and rate of progress as follows (39) ; 

Depths, meters Cost per meter Monthly progress 

to 100 15 000-25 000 francs 15-20 meters 

100-200 25 000-37 000 “ 10-12 “ 

200-350 37 000-52 000 “ 9-11 “ 

350-500 52 000-75 000' “ 8-10 

The above costs apply to 1933, or early 1934, when the franc was worth 0 1/4 to 6 I /2 cents, 
U S currency. Furthermore, these costs are much lower than would be possible in the U S. 


6. FREEZING METHOD ( 3 , 6 , 7 , 8 , 14 , 18 , 22 , 24 ) 


General principles. This method was invented by F. H. Poetsch in 1883 and intro- 
duced into this country by Charles Sooysmith. Its essential feature is the solidifying, 
by freezing, of water-bearing ground in which the shaft is sunk. The freezing is sometimes 
continued into water-bearing rock. The method has been much used in recent years in 
England and on the Continent, for shafts 200 to more than 2 000 ft deep. Vertical holes, 



Fig 19 Freezing 
Pipes, Dawdon 
Colliery, England 


2 to 4 ft apart, are first bored on the circumference of a circle out- 
side the periphery of the proposed shaft. Into each hole are lowered 
pairs of concentric pipes, through which brine, cooled to low tem- 
perature, is circulated. The brine passes down through the inner 
pipes and up through the space between the two, the outer pipe being 
closed at the bottom. This method has been used even when the 
ground-water is saline and in circulation. It is, therefore, so widely 
applicable in all kinds of soft ground and fissured rock, and its details 
have been so well worked out, that for very deep shafts, it has largely 
replaced all other methods. 

Freezing pipes. The holes for these are bored by the usual methods 
and, m soft ground, are cased (Sec 9). They must be vertical, or 
nearly so; otherwise the distances between them, at the bottom, may 
be too great to permit the formation of a complete ice wall. In 
very deep shafts, due to the difficulty of keeping the borings ver- 
tical and properly spaced, the freezing is sometimes done in stages, 
each 200 to 300 ft deep. Each section of shaft is then excavated 
and lined before freezing the succeeding section. In this case, the 
holes for the freezing pipes are driven outw'ard, at a slight vertical 
angle, from the bottom of the preceding section. In the most recent 
practice, however, the holes are bored continuously from the surface 
to the bottom of the proposed shaft, their direction being checked 
at frequent intervals and, in case of deviation, is corrected, or in 
case of great deviation, additional borings are made. The usual 
form of freezing pipes is shown in Fig 19. The outside pipe, 4 to G in 
diam, closed at the bottom, is lowered into the casing and tested 
hydraulically. The casing is then withdrawn so that the ground 
may close around the freezing pipe. The inner pipe, one in or more 
in diam, is lowered into the outer pipe. Both pipes are connected 
at the top to header pipes, to and from which the brine is pumped 
from the central freezing plant. 

Additional borings should be made, one at center of the pro- 
posed shaft and others inside and outside of the circle of the freezing 
pipes. These are used to take the ground temperatures at different 
levels, for checking the formation anrl maintenance of the ice wall. 
As saline solutions freeze at lower temperatures than pure water a 


leak in the piping may cause a w'eak spot, or a hole, in the ice wall, 
making necessary a longer period of freezing. 

Ice wall, in its several phases of formation, is shown by Fig 20. It must be thick 
enough to withstand the iiressure to which it will be subjected, and the freezing pipes are 
located accordingly. Frozen sand is stronger than clear ice. Abby’s experiments show 
that frozen saturated sand crushes at about 2 500 lb per sq in at a temperature of —25" C, 
and at about 1 700 lb at — 12° C. It should therefore carry safely 300 lb per sq in and. 
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assuming full hydrostatic pressure on the outside of the ice cylinder, the thickness of the 
wall, for a shaft 300 ft deep and 20 ft diam should be about 7.6 ft. 

Freezing plant. Ammonia, compressed and expanded, is generally used as the refrigerating 
medium. Carbonic acid is occasionally used because lower temperatures are obtainable. The 
brine, chilled by expansion of the ammonia and circulated through the freezing pipes, is commonly 
CaCb, but MgCl 2 is recommended, as it 
has less tendency to precipitate at low tem- 
peratures and clog the piping The capacity 
of the freezing plant depends upon the diarn 
and depth of shaft, thickness of the required 
ice wall, and the time allotted to the freez- 
ing of the ground 

Sinking, after the ground is frozen, 
is done by drilling and blasting with 
light charges, but, to avoid cracking 
the ICC wall, pneumatic hammers are 
often preferable. 

Lining. Shafts of 200-300 ft, or 
even rnoie, may be lined with concrete, 
but caie must be exercised because of 
the effect of the frozen ground upon 
the concrete Shafts of great depth 
are usually lined with cast-iron rings 
(tubbing), Ixilted wuth lead gaskets and backed with concrete. 

Thawing. After completing sinking and lining, the ground is thawed by filling the 
shaft with w^ater, or by gradually raising the temperature of the circulating brine and 
continuing cii dilation for a long period, or by the aeration of the shaft. During this 
time, in deep shafts, the lining recpuies continual tightening and calking. 

Average speed of sinking, considering the process as a whole, depends largely upon the boring, 
and is (piite variable If holes prove to be nearly plumb, both boring and freezing are expedited; 
but, if some of the holes deflect badly near the bottom, new holes must be bored, and the irregular 
spacing of the pipes makes ncce88ar> a longer freezing period. 



Table 4. Speed of Sinking by Freezing 


Shaft 

Location 

Depth 
sunk by 
f rcez- 
ing, 
ft 

3'ime, months 

Average 
progress, 
ft per 
mouth 

Boring 1 

Freez- 

ing 

only 

Sink- 
ing and 
lining 

Anhak government salt mine, No 6 

Germany 

310 

17 

5 5 

7 

10 5 

Mane mine 

*' 

180 

6 5 

5 5 I 

4 5 

10 9 

Consolidated Sophie lignite mine 

•• 

262 

6 

2 5 1 

6 

18 1 

(kistlorcagh shaft 

I'higland 

259 

10.5 

6 

12 

9 1 

Theresa shaft 

1 

113 

10 

13 

6 

3 9 


I. Shaft 6, Anhalt government salt mine, Leopoldshall, Stassfurt, Germany. Twenty-six 5-in 
holes were bored in a circle, 20 25 ft diam and eased to depth of 325 ft. The boring was difficult, 
and, as shown in Table 1, consumed 17 months. Freezing was continued for 3 months before sinking 
W!i8 begun After only 30 ft had been sunk, a small leak broke through in shaft bottom, and 
flooded shaft. Sinking was stopped and freezing continued for 2.5 months more, after which a 
progress of over 00 ft per month was maintained to a depth of 202 ft. The shaft was lined with 
iron tubbing (See 7), the space behind being filled with concrete mixed with water containing 
calcined soda. Sinking and lining were prosecuted alternately until the tubbing was sealed to rock 
at 325 ft. Aside from difficulty of boring the hoh^s, this sinking was entirely successful (3). 

II. Theresa and Castlereagh shafts, Dawdon, County Durham, England, were first sunk 
(with pumping) through very wet rock to depths of 350 and 204 ft respectively. It was then decided 
to continue them by freezing through underlying sand to the coal measures at a depth of 463 ft. 
Thirty-eight holes were bored around each shaft, including tw'o extras at each, on 30-ft circles, 
7 well drills being used. The hole^ were S and 10 in diam, lined with 6 25-in casings The freezing 
plant comprised two 135-h p steam engines, driving 4 ammonia compressors. As shown by Table 
4, the freezing of Theresa shaft was especially slow, 13 months elapsing before sinking could be 
begun. Both shafts were successfully sealed to rock in 2.5 years (19). 

III. Chapin shaft. Iron Mountain, Mich (7) w'as sunk in 18SS-9, through 95 ft sand, gravel and 
boulders, with water level 10 ft below surface. Twenty-six 10-in casing pipas were put down in a 
29-ft circle; inside of these were 8-in freezing pipes, inclosing 1.5-in circulating tubes. Casings 
were then withdrawn. loe machine was a Linde (ammoma type) of 50 tons daily refrigerating 
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capacity (1 ton equals cooling effect of 1 ton melting ice). Freezing fluid was saturated solution of 
commercial CaCb, velocity of flow in the 1.5-in pipes, 2 ft per sec. In about 21 days after starting 
ice machine, the frozen ring was complete and excavation was begun. Rock was reached in 135 
days (including a 30-day stoppage, when shaft was allowed to fill with water). There was some 
trouble and delay from leakages through ice wall, the elapsed time being about 200 days. 

IV. In Campine district, North Belgium, so great an advance has been made in developing the 
freezing process for shafts 1 500 to 2 000 ft deep to the recently discovered coal measures, that 
previous applications of the process do not maintain their former importance as examples to be 
studied. Sinking in stages by freezing has in some of these shafts alternated with cementation. 
Some of the most notable w^ork is the sinking of 2 shafts for the Helchteren and Zolder project, 
where 2 034 ft of ground were frozen by a single current of refrigerating fluid in 7 months’ time. 
Sinking and lining took 21 5 months; cost, aside from fuel and tubbing, $I 177 per ft (22). 

H. Muller gives (1917) estimates of cost, under two different assumptions, for a shaft sunk 300 ft 
by freezing in stages, at $1 100 and $1 fiOO per ft, respectively (29). 


V. Two shafts, sunk by freezing for the Houthaelen Coal Mines (42) in the Campine 
district were completed in 1932 and 1934. Cementation was first tiied and abandoned. 
Shaft I was sunk to 2 106.3 ft; shaft II, about 230 ft from shaft I, to 2 139.1 ft. Both 
passed through 1 968.4 ft of water-bearing ground to a much fissured stratum of sandstone 
about 33 ft thick, overlying the coal. The soft ground above the sandstone was as follows : 


Tertiary deposits 


sand 426.5 ft 
clay 232.9 “ 
sand 183.7 “ 
clay and marl 298.6 “ 
sand 16.4 “ 
1 158.1 ft 


Secondary deposits 


In each case a preliminary pit was sunk, 42.7 ft diam and 15.6 ft deep. 


tufa 203 4 ft 
chalk 147 6 “ 
marl 380 6 “ 
sand 78 7 “ 
810 3 ft 


The borings for the freezing pipes, begun Sep 5, 1927, for shaft I and Nov 20, 1927, 
for shaft II, were spaced about 3.5 ft c-c, on the circumference of a ciiclc 36.1 ft diam. 
The borings were 2 066.9 ft deep for shaft I and 2 093 2 ft for shaft II, continuous fiom 
surface to full depth. The plumbness of the borings was checked by the Denis-Foiaky 
teleclinograph and in case of deviation the direction was corrected (Sec 9) . The theoretical 
number of freezing pipes for each shaft was 32, but 5 additional borings w’ere rcqiiiied foi 
shaft I and 4 for shaft II. The borings were cased to 1 148 ft, below which no casing was 
installed. The freezing pipes were lowered into the borings and their headers, in the 
bottom of the preliminary pits, were connected with the fieezing plant. 


Net diam of each shaft was 16 4 ft The c,ast-iron tubbing lining was 19 I ft outside diam; 
behind it was placed 1 3 ft of concrete, so that the diam of the excavation was 22 ft At center of 
each shaft an additional boring was made, in which were placed concentric pipes for drawing off 
water at 4 levels, viz at bottom of the preliminary pit, at bottom of the (‘lay (65«> ft below surface), 
at top of the tufa (I 158 ft depth), and in the marl at 1 739 ft These pipes were to draw off excess 
water after the closing of the ice-wall The amount of the water was 24 525 gal in shaft I and 11 SS9 
gal in shaft II. For teat purposes additional borings were made from the bottom of the preliminary 
pits. These were on the circumference of circles, around the center of each shaft, with diameters 
of 21.3, 32.8, 36 1 and 41 ft. The total length of casing for borings was 132 961 ft; of outer freezing 
pipes, 152 334 ft; and of inside freezing pipes, 147 711 ft. 

The freezing plant was in six units (total, 2 891 h p), each unit of a capacity equivalent to 100 
tons of ice per day, melted from and at 32® P The elec power for the sinking operations was 
1 285 h p, supplied from an outside source. A standby Diesel unit of 800 h p was installed 
Ammonia was used at a pressure of 15.4-26. 4 lb, reduced to 1. 1-2.2 lb at the condensers Chloride 
of calcium, at 27®-16® Baum5, with point of freezing at about — 16.6° F, was used as the circulating 
brine. 


The ground was frozen to 2 050.6 ft for shaft I and 2 091.5 ft for shaft II. Freezing 
for shaft I began June 13, 1930 and to Deo 6, 1930, when excavation was begun, 
19 842 600 000 btu had been used for refrigeration; equivalent to 68 898 tons of ico melted 
from and at 32° F. At a depth of 2 106.3 ft (Dec 15, 1932), 45 637 760 000 btu had been 
used, equivalent to 158 464 tons of ice melted from and to 32° F. For shaft II freezing 
began Jan 29, 1931, and when excavation was begun (July 6, 1931) 17 858 250 000 btu 
had been used, equivalent to 62 008 tons of ico melted. At depth of 2 139-ft (Jan 9, 1934) 
67 464 600 000 btu had been used, equivalent to 234 252 tons of ice melted. The flow 
of brine through each freezing pipe was 282.4 c\i ft per hr, at velocity of 3.07 ft per sec 
in the descent and 0.98 ft per sec in the riser pipe. 

The performance of the freezing plant and the formation and maintenance of the ice-wall w'as, 
at all times, under strict surveillance. Temperatures of the ammonia throughout its circuit were 
taken every 3 hr; also the temperatures at the start and return of the brine, and the pressure and 
discharge 'of the pumps. A weekly check of the discharge from each freezing pipe was made. 
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Meters installed at the central station measured the general discharge of the brine and electric 
indicators warned of any considerable loss. The closing and progress of formation of the ice-wall 
was checked: (a) by temperatures taken at every 328 ft down to the 1 640-ft level, at the center 
boring of the shaft and in each of the other 4 series of borings made for this purpose; (6) by amount 
of water pumped from each of the 4 levels in the center boring. 

Excavation and lining of shaft I begun Dec 6, 1930; completed Dec 15, 1932; aver progress^ per 
working day, 3.33 ft. Shaft II, begun July 6, 1931, reached 1 177.8 ft June 3, 1932, when a rupture 
of the ice-wall occurred, duo to breakage of one of the freezing pipes. After repairs, excavation 
was resumed Jan 12, 1933 and completed Aug 1, 1934. Average progress per working day, 3.6 ft. 
Nearly all excavation was done by jackhammer, only in sandy tufa and chalk were the ordinary 
mining methods used. At the bottom of the preliimnary pit the non-frozen core was about 20 ft 
diam; at 328 ft, this core was only 3-7 ft diam and thence to 1 148 ft the ground was frozen to the 
center, or nearly so. At top of the tufa was found a non-frozen core containing water under pressure. 
Below, the ground was completely frozen. 

These shafts were lined with cast-iron tubbing, the possible pressures upon which were computed 
as the hydrostatic pressure multiplied by the following coefficients: 1 8 for sand, 1 .5 for mixed 
sand, clay and marl; 1 25 for marl, 1 0 for tufa and chalk The ultimate compressive strength of 
cast-iron was taken at 85 000 Ib per sq in, for thicknesses of 2 3/y m or more, and 71 000 lb per sq in 
for thicknesses of 315/i6 in, or more. Safety factor of 6 3 wsu, used in soft ground and 5.3 in firm 
ground, the thickness being determined by the cylinder formula These computations gave thick- 
nesses of to 611/16 ii'* The rings were about 6 ft high, bolted with lead gaskets In upper 
part of shafts the excavation was made to some depth before starting lining, which was then built 
up from the bottom Below this, lining kept pace with excavation. The limng segments were 
provided with holes for grouting 

On completing excavation and lining, and before thawing w'as begun, all bolts in the limng were 
tightened, lead joints w^ere calked and cement grout injected at a pressure equal to half the pressure 
which each ring might be called upon to support Thawing wiis done by progressively warming 
the brine in the freezing circuit, and by aeration of the shaft interior Other shafts sunk by this 
method in the Campine district have been thaw'ed by inundating the shafts, with the idea of keeping 
the tubbing in balance and avoiding a sudden thaw, but this method stops all w'ork below and pre- 
\''nis obher\ation of the behavior of the lining. As tubbing adjusts itself for some time after it is 
pl.iced, jtants which open must be cared for After thawing was ended, another calking and tighten- 
ing of bolts was necessary. Before this, leakage through joints was about GOO gal per hr per 32S ft 
of depth, but after recalking and tightening the joints, leakage w'as only about 6 5 gal per hr per 
328 ft, practically watertight Thawing of ■^haft I w-as begun Nov 22, 1933 and eompleted Oet 6, 
1931, 7 2 j >oars after beginning w'ork The time for thawing shaft 11 was not reported The 
freezing inpe> were removed down to the 1 148-ft level The holes which were occupied by them 
wcie tilled with cement grout 


7. CEMENTATION AND GROUTING METHODS (25-28, 43) 

Tho i<Ioa of filling fissures and voids, in the Rround, with cement is old. By injecting 
cement iii a hoi mg in the Lens mines, M Reumaiix succeeded in 1882 m elohing a large 
flow of water. Fiom 1000 the method has lieen inueh used for shaft sinking. In 1904-7, 
La ( 'onipagnie des Mines de Bethune sank 4 shafts by cementation, and later several 
otbeis at Lens and Lieviii weie successfully completed. Theioafter, the method spread 
over Fiance and other eoiintiies (39). It is most successful in fissured rock, in quicksand. 
It IS ontiiely unsucce.ssful. hecau.si* the ixu e-holes can not Ix) kept open except by easing, 
or l)y <la\ coating (Iloiiiginann method. Ait 5), Ix)th of which prevent cementation. 
Also III spongy giound such as tufa the cement coats the siuface but does not penetrate 
the poH's Fissured chalk and limestones lend themselves lx>st to this method. In 
the fust applications, 0 to 8 boiings, 5.5-6 in dinm, were made to full deiith around the 
site of i)ioiH)sed shaft, A mammoth (air-hft) pump was lowered gradually into each bore 
hoU', so that the indiK'cd flow of gioiind-water would wash out the mud from fissures and 
voids Then water under pressure w’as pumped into the holes, to force any remaining 
mud back into tho ground, and cement grout was injected under pressure. In tho Saclier 
method the grout is injected into all holes simultaneously; in the later Portier method 
injection is made into each boring singly, one at each end of a shaft diameter, then at each 
end of a diametoi peipendicular to the first, and finally at ends of other diameters. 
Pressuie is maintained until the grout has set, otherwise it might be washed out by the 
flow' of giound water. 

Francois method employs 20-24 borings, 1 5-2 in diam, in two concentric circles around 
the site of tho .shaft. They are not immediately bored to full depth, but deepened after 
each injection of cement. The press\ire on tho grout is 1 500 to 3 000 lb per sq in or even 
4 500 lb. The grout is injected into each hole separately. After injection, boring is 
resumed wlien the grout has taken its initial set, but is not yet hard. In certain clayey 
ground chemicals are first injected, to coat the ground particles and facilitate flow of the 
grout. The theory of the Francois method is that more bore holes of the larger number 
used arc likely to roach fissured ground, and small diameter holes cost less than larger ones. 
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Also, injection of grout in a part of the bore hole, instead of its whole length at one time, 
is more likely to fill the smaller fissures, and great pressures still further increase the chances 
of success. The chemicals used before grouting are silicate of sodium and sulphate of 
aluminum, injected separately; the combination of the two forming silicate of aluminum, 
a white colloidal precipitate. This, under pressure is dehydrated, leaving a solid filling 
in the capillary fissures which the grout could not enter and covering the clayey walls of 
larger fissures, thus facilitating entrance of the grout. 

Only the Fortier and Francois methods are now used. Both are cheaper than freezing, 
or the Honigmann method, but are applicable only to cementable ground. Shafts sunk 
by cementation are lined with reinforced concrete, or with cast-iron tubbing. 

Injection of other materials has also been used to shut off water, but only in shallow shafts 

Joosten method uses sodium silicate, injected under pressure and followed by an injection of 
calcium chloride. These form an insoluble calcium silicate, which sets so quickly that the casing 
pipes must be pulled as the calcium chloride is injected, to prevent their being immovably set in 
place. The chemicals penetrate to a distance of about 3 ft around the end of the casing pipes, which 
are spaced accordingly. This method is especially useful to consolidate the ground around the 
bottom of a shaft, at its junction with the rock, but has recently been used successfully for shaft 
sinking itself. 

Asphalt grouting has been used considerably in the U S, and is better than cement grouting for 
fissured rock where there is a large flow of water. The asphalt is pumped into the ground as a hot 
fluid, which solidifies in the water. Its injection is facilitated by steam, or by a method patented 
by G. W. Christians, consisting of an electrical resistance wire in each casing which keeps the asphalt 
hot. The asphalt is injected at a pressure of 50 lb, or more, and can be forced for a long distance 
into open fissures 

Clay grouting (43). In case of large cavities, as frequently found in limestone, thoroughly 
mixed clay and water, pumped in under a pressure of 100 lb per sq in, or more, has been successfully 
used. At the Madden Dam, Panama Canal Zone, as much as 70 000 cu yd of clay grout w'ere used 
to fill cavities around the nm of the reservoir, at a cost, exclusive of drilling, of $5 35 per cu yd. 
Clay grouting is not efficient in seams containing running water, as it is easily eroded. 

Choice of method for sinking in soft, water-bearing formations is often a matter of 
great difficulty, and the reconnaissance l3onngs, upon the results of which the decision 
rests, should be in sufficient number and so carefully made that a thorough knowledge 
of the ground is obtained The cementation method is piobably the cheapest when t.Iie 
ground can be cemented, but it can not Ixj used in (juieksand or clay. Honigmann method 
js almost as cheap, m some cases cheaper, w'hen the giound is .soft, and diam and depth of 
shaft are not too great. The freezing method has the widest application, liut is too costly 
for ordinary depths where another method could be used. It can however complete 
with the Honigmann method in harder ground for shafts of large diam and great depth. 
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1. WASH-BORING RIGS (DRIVEPIPES) 

Those rigs are for sampling soft strata overlying solid rock, to ascertain depth oi 
bedrock below surface, and to sink standpipe for diamond drills. Rarely used for depths 
exceeding 100 ft. For testing supeificial deposits much time is 
spent in moving from point to point; hence a light, portable 
outfit is necessary, as follows: 1 derrick, with 20-ft legs of 4 
by 4-in timber, complete with windlass and sheave for 1.25-in 
rope (Fig 1). Truck wheels should be heavy, about 40-in diam, 
one tight and one loose on axle. 50 ft of 1 i/g-m hoisting rope. 
Flush-joint casing, 2.5-in, 5-ft lengths, for the piobable maximum 
depth of hole; also a few lengths, each 1, 2, 3 and 4 ft. (Sleeve 
couplings can be used, but are tioublesome in sinking and pull- 
ing ) 1 casing dnveshoe; 1 casing drivehead; 1 casing tee. Flush- 

joint, 1 l/s-in drill rods, in 10-ft lengths, with couplings, totaling 
10 ft longer than casing. Add two 5-ft lengths. (0 75-in gas pipe 
can be used in light sandy mateiial ) 1 hoisting watei swivel and 
coupling; 1 hoisting swivel; 3 luoss chopping bits, 1 chisel bit; 
1 bushing, water swivel to casing; 1 shoe for taking dry .sam- 
ples; 1 worm auger; 1 hand fori epump, 4-in cyl by 4 5-in stroke; 
15 ft, 1.5-in suction hose, with coupling and stiainer, 50 ft, 0.75-in 
Fig 1. Derrick for Wash rubber pressure ho.se, with coupling.s for punij) and water 

Boring swivel, 1 axe, 2 5-ft crowbars, 15 ft of 3/g-in chain, with hook 

and ring; 1 coldchisel, 2 hose couplings; 1 150-lb drive-block; 
2 three-cornered G-in files; 2 10-in flat files; 1 machinist’s hammer; 1 oilei , 1 pick, 1 gal- 
vanized pail; 1 saw; 1 screwdriver; 1 shovel; 1 tape line, 2 36-in 
pipe tongs; 1 tool box; 2 hose unions; 3 Stillson wienches, 10, 11 and 
24-m; 2 monkey wrenches, 6 and 15-in; sample boxes and 4-oz wide 
mouth bottles; 1 filing battery, dynamite, electric detonators and 
400 ft insulated copper wire; 1 pan sister hooks for 1.25-iu rope, 1 
shovel; 1 pair combined nippers and pliers; 1 brace with bits 0 25 to 
1 m; 4 pairs Brown’s patent pipe tongs, 2 No 3 and 2 No 4; 1 pair pipe 
clamps for 2.5-in casing; 2 10-ton jack screws, extra valves, lirieis and 
packing for pump; 4 balls candle-wick; 1 hank sa.sh cord; 1 1-gal 
oil can and lubricating oil; 1 wagon. This outfit, for 50-ft holes, costs 
$350 to $400, and will last several yeai s. 

Operation (1). A pipe of the required diam is sunk, the core is 
broken up by a jet of water, or, if necessary, by a chisel bit, and the 
disintegrated material is brought to surface by the current of water. 

For penetrating soft ground, a smaller pipe carrying water under 
pressure is worked ahead inside the diivepipe as fast as the loosened 
stuff is carried to surface. In such material the drivepipe sinks of its 
own weight, or can be made to do so by rotating it by cro.ss-bars 
(brace head), weighted by old carwheels, if necessary. In iiardkr 
MATERIAL, a chisel bit is attached to lower end of wash pipe, and 
churned up and down to cut a hole below the drivepipe. Cuttings ate 
washed to surface by a stream of water issuing from holes in the sides 
of bit. In this case the rig shown in Fdg 2 is used, ropes A and B 
passing through a double block in the derrick. In gravels the fine ma- 
terial 18 washed out, leaving coarser pebbles in the hole. If small 
enough, these are bailed out with a sand pump. If too large, they are 
broken with a cross chopping bit before pumping. Boulders are 
drilled through ahead of the ca.sing, then broken with dynamite. 

The charge, made up for electric firing, is lowered to the proper 
depth by the leading wires. Before shooting, the casing is raised several 
feet to prevent injury. After .shooting, casing can usually be driven Fig 2. Chopping 
through the broken rock. For testing overburden 2.5-in drivepipe and Combi nation 

0.5 or 0.75-in water pipe for drill rods are common sizes. Drive Pipe 

For deep holes or holes in bad ground, several strings of pipe may have to be sunk 
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before reaching bedrock. Oblique holes can be sunk by wash boring, but cost increases 
lapidly with degree of deviation from the vertical. In soft soils, and when samples are 
not required, pipe can be flushed down rapidly by attaching a water swivel and drivehead 
to the pipe itself; then driving and twisting the pipe ahead, while pumping down water. 
The water washes the core from under the shoe and rises outside of the pipe. Crew for a 
wash-boring rig consists of a foreman, 3 or 4 laborers, and a team. 

Pulling casing. Drivepipe is pulled from test holes after they have served their 
purpose. If possible, this is done by attaching windlass rope to the pipe by a swivel head ; 
then pulling while the pipe is twisted with tongs. If necessary, clamps are put on the 
pipe and it is raised by jacks or levers, a bight of chain around the pipe will sometimes 
take place of a clamp. By proper arrangement of clamps, the drivehead may be caused 
to give an upward blow on the pipe. Pulling pipe is often more difficult than placing it, 
especially in clay. 

Speed. In soft soils, 12-18 ft per hr may be made to depths of 50 ft. In stiff clays, 
5-6 ft per hr is good work. In holes over 100 ft deep, in sand, 12-15 ft per day is aver 
pi ogress. 

Cost of wash boring depends on the speed of advance, size of crew, wages paid, distance 
apart of holes, character of country, water supply, and climate. 

In exploring a route for the N Y State Barge Canal, 6(56 holes were sunk by wash 
boring in alluvial soil, clay, sand, gravel, and hardpan. Aver depth of holes drilled in any 
month, 14 to 47 ft. Lowest monthly aver cost per ft was $0.18, m Sept, 1906, when 49 
holes averaging 40.5 ft deep were sunk in easy soil Highest monthly cost, $2.70 per ft, 
in July, 1905, when 3 holes averaging 47 ft were sunk in clay, sand, and hardpan. Aver 
for 666 holes, totaling 18 130 ft, was $0 35 per ft. Crow: 1 foreman, 3 laborers, a double 
team and driver. Charge for labor and team ranged from 87 to 98% of total cost (1). 
In making the Bahio dam borings for the Panama Canal, aver cost of 115-ft holes, in 
materi.'il ranging from quicksand to coarse gravel, was $0.83 per ft, including $0.14 for 
freight and tra\eling expense, and $0.15 for plant. 


2. AUGER AND HAND CHURN DRILLING (2) 


Augers aie used for wells and for prospecting in soft ground. Fig 3 shows typical 
outfit for wells m middle west and south, consisting of derrick, windlass, auger, rods, and 

handles for rotating the rods. Rotating may be 
done by a horse, and in some more elaborate 
rigs horse power drives both rods and hoist. Fig 4 
.shows typical augers for well work, varying in 
diam from 6 to 24 in. Form A is used for clays, 
B when considerable sand is present, C in sand, 
and I) m clayey ground containing boulders. 




Fig 3. Well Borer Operated by 3 Men 


Fig 4. Four Type.s of Earth Augers 


Holes to 700 ft deep have Ixien bored with this typo of rig. On Long Island, wells 250 ft 
deep are bored with the auger rig more che.aply than with power machines. Small 
At^GBRS, 1.5 in upward, with post-hole diggers and chisel drills as accessories, have been 
largely used for prospecting and geological woik. 

C. Catlett lists following outfit as used by him in prospecting soft, superficial iron-ore deposits: 
(a) 2-in auger bit of steel or Swedish iron with steel point, twisted into a spiral, thickness of blade 
not less than 0.25 in, length 13 in, pitch of spiral 4 25 in. This was w'elded to one end of an 18-in 
length of 1-in iron pipe which was threaded at other end. (6) 2-in chisel bit, made of 1 ft of IS/g-in 
octagon steel, welded, like the auger, to an 18-in length of 1-in pipe threaded for connection, (c) 10 ft 


9-04 


BOEING 


of 1.25-in iron rod, threaded both ends for connection with 1-in pipe, (d) Lengths of 1-in pipe with 
couplings, (e) Iron handle, length 2 ft, with central eye and set screw. (/) Sand pump or sludger, 
1 in diam, 2 ft long, with a leather flap valve, (g) 2 pipe tongs, (h) Oil can, 25-ft tape, flat file, 
spring balance, water bucket. The auger was turned by 2 men, standing on opposite sides of hole. 
Enough water was added to soften the material Hard ground was penetrated with the chisel bit. 
Two men operated to depth of 25 ft; 3 men, 25 to 35 ft, a rough frame 15 to 20 ft high being built 
for the third man. Table 1 records the work done by one of these outfits in favorable circumstances. 
A similar outfit was used in prospecting residual iron deposits at Moa and Mayari, Cuba. B. Halber- 
atadt lists a similar outfit for coal prospecting, costing about $25. 


Table 1. Prospecting with 2-in Auger and Chisel Bits 


Hole; 

^Material 

Depth, 

ft 

No 

men 

Time, 

hr 

Hole 

Material 

Depth, 

ft 

No 

men 

Time, 

hr 

1 

Sand, gravel, clay, ore. 

16 

2 

10 

6 

Sand, ore, clay, sand- 




2 

Surface ore, clay 

40 


11 

4 

7 

stone 

Sand, sandstone, clay, 

19 

2 

(2 

8.5 

15 

3 

Clay, sandstone, flint 

18 

2 

5 


flint 

52 

{3 

4 

4 

Mostly clay. . . 

29 

2 

5 

8 

Sand, sandstone, clay, 


(2 

5 

5 

Clay and ore 

26 

i 2 

6 


ore, flint 

63 

3 

25 


At Toronto, Can, in similar work, the cost of 30 to 70-ft holes with labor at $2 per shift was 29 
to per ft, respectively in clay and made ground. Supplies and blacksmith repairs comprised 
15% of total cost per ft. 

E. Low states (2) that boimg 450 6-in holes, averaging 13 26 ft deep, with pod auger, in earth, 
clay, sand, and gravel, 3 men to a crew, the aver progress was 40 ft per day, length of moves 
200 ft, cost about 18fi per ft 

R. V. Thompson, Ophir Hill Consol Mining Co, Utah, used a 2-man sand auger for sampling 
piles of mill tailing varying from coarse dry sand to wet clayey slime with 35% moisture, all 
—200 mesh. Holes averaged 50 ft. Core-barrel, just above cutter, was a section of 6 5-in pipe, 
9 5 in long, with a wood fiber cover wired in place. Two cutter blades, 6&/l6-ui diam by Vs-m 
thick, were brazed on a 0 75-in pipe. A short tripod and chain blocks were used to pull auger wlien 
core-barrel was full. Aver speed, 10 ft per day, aver cost, 85^ per ft. Casing w'as used in sampling 
a dry sand with no clay binder. 

Post-hole diggers are used alone or in connection with earth augers. 

New’ Market Zinc Co, Tenn, used an ordinary post-hole digger for prospecting a deposit of zinc 
carbonate and silicate, in tough, residual dolomite clay, 10 to 75 ft thick The strap by which the 
handle w’as attached to the cutting blade wa.*" reinforced. Upper end of handle was threaded and 
attached to a 10 or 12-ft piece of 1-in gas pipe, making a 15-ft handle P’rom a ring at upper end 
of gas pipe a rope passed over the pulley in an ordinary 3-leg derrick, by means of w’hich tlie digger 
was churned In ordinary soil half-a-dozen drops filled the tool, which will extract 3 oi 4-in lumps 
of ore. Boulders were broken by dynamite and churned up Two men made 20 -40 ft per day. 

Hand churn drill is used for shallow’ holes, wdiere conditions do not warrant machine 
drills. Hexagonal ^/g-m steel 8 ft long is common, with chisel point, which foi extia 
hardness is coated with Stoodito by an acetylene torch, and then giound, thus axoidmg 
frequent sharpening by blacksmith. In soft rock, holes 5 5-6 ft deep aie diillod m .80 85 
min. by 1 man, at labor cost of l<S-20^f per hole, in harder rock, 8 or 4 times these figuuw. 
For drilling in overburden of coal-strip mines, a stimg of hollow roils may be used, with 
a chisel bit. A ball valve is placed between rods and bit. As the hole is kept full of 
water, lifting and dropping the rods produces a pumping effect, causing the cuttings to 
enter the rods through holes in the side of the bit and then rise to discharge at surface. 
Crews of 2 or 3 men can drill to 70 ft with fair effic (4). 

3. SPRING-POLE DRILLING RIG (3) 

Spring-pole rig is a primitive form of churn drill, useful where fuel and water arc scarce, 
transportation difficult, labor cheap, and where few holes are to be drilled. For such 
work, due to low first cost, maintenance, and operating cost, it rivals the power churn 
drill in cost per ft of hole. Fig 5 shows usual outfit: spring-polo, 20 -30 ft long, with ratio 
of lengths on the two sides of fulcrum of 1 to 8 or 5. Anchorage may Ix) a pile of rocks, 
or a wooden frame. Fig 6 is a special form. Drilling is done by a chisel bit on a string 
of iron rods, suspended by rope and swivel from the spring-pole. The rods are churned 
up and down with aid of the pole by 1 or 2 men, and turned in a direction that will tend 
to tighten the screw joints. Water is poured into hole to keep cuttings m suspension, and 
pumped out, as necessary, with a sand pump. Holes 75-200 ft deep can be drilled. 

Equipment: round spring-pole, 6 in small end by 10 in butt; derrick and windlass with plat- 
form for foot wrench; 50 ft, 1-in Manila rope, to attach rods to spring-pole; 50 ft, 1-in rope 
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for liftins rods with windlass; 250 ft, O.S^in rope for sand pump; splicing iron, 10 in long; iron- 
bound oak pipe-driver, 4 ft long, 12 by 18 in; 3-in earth auger; 5 pieces 2-in drivepipe, 1, 2, 3, 4 and 
6 ft long; 33 pieces 2-in drivepipe, 6 ft long; drivehead and 
firiveshoe; pipe lift; chain wrench for pipe 5 in outside 
diam, alligator wrench for pipe 5 in outside diam; 2 screw- 
jacks for loosening casing; 2 clamps for holding and raising 
pipe with jacks; 1 rod 1 ft 8 in, 1 rod 3 ft 8 in and 1 rod 




5 ft 8 m between shoulders, 16 rods 11 ft 8 in between shoulders (all rods 1 25 or l..’)-in round 
iron, with 1 25-111 square section near joints) G 3-in drills, of 2-in octagon steel, 2 swivels, for 
windlass and s{)i uig-pole ropes , brace head, reamer, foot wrench, hand or disconnecting wrench; 
sand pump for light drillings and 1 for coarse or pasty drillings, grab for drills and rods, grab 
for pump, 2 water barrels, black oil for rod and pipe joints, blacksmith’s and pipe fitting and 
threading tools, carpentei’s tools. Fig 7 shows several of the tools used. Cost of a iig for 250 ft 
will not exceed $400 (3). 


Speed of (billiiiK. In shales and soft sandstones, 1 5 and 2-in holes, 8-10 ft per shift 
for hist lOl) ft, and 4 S ft for second hundred, are fair averages. In the same locks 
3-iu holes will advance 7-8 ft per shift for first 100 ft and 1-5 ft for second huiuliod. 



Fig 7. Parts of Spring-pole Drill 


4. EMPIRE DRILL 

I'his drill IS well adapted to testing placer deposits where depth is not over 100-125 ft, 
and, due to its light wt, us useful in remote regions where transport is difficult and labor 
cheap. It is goneially worked by hand. A power drive can bo used, but decreases accu- 
racy of sampling for Au, Pt or Sn. Costs. $1 per ft for shallow, easy drilling, to say $3.50 
for deeper holes. Outfit (Fig 8) consists of a string of seamless high-carbon, flush-joint 
pipe, with a toothed bit. Near upper end of pipe, above the surface, is a circular steel 
platfonn, on which stand 4 men. By a sweep, platform and pipe are rotated by man or 
horse power. In loose ground, the pipe sinks due to turning and wt of platform and men; 
or, a 200-lb driving ram is operated by the men while the pipe is rotated. Core is brought 
to surface by a drilling “pump,” on a string of rods within the pipe; 8 or 10 strokes being 
required to fill the pump with tlie sample, which is then withdrawn for e.xamination, and 
drilling is resumed. In running ground, the pipe is driven to a firm stratum, before pump- 
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ing out the core. Generally, 3-4 in of core are left in bottom of pipe as a plug to prevent 
entrance of unwanted material. For depths over 30 ft, a spring counterbalance minimizes 
wt of the rods. Equipment for a 50-ft, 4-in hole, including pipe, weighs about 2 200 lb; 
cost, approx $1 000 at N Y, for a 6-in hole, wt is 3 200 lb; cost, $1 500. All can be sec- 
tionalized into 1-man packs of 75 lb. One 30-ft hole per day can be made m aver placer 
ground (see below), by 6 to 8 men. Additional equipment; 180-lb sample rocker, $65; 
120-lb steel dump box, $55; 150-lb water heater and tank, $75; assay outfit, 75 lb, $75. 


Examples. Cost and speed. Prospecting on Island of Banka in tough clay, holes 11 to 32 ft 
deep, with raw crew, 4 men on platform and 6 on ground, averaged 1.33 to 2 06 ft of 3 5-in hole 
per hr. Actual boring occupied only 8 to 30% of total time. Record of work done in Colombia, 
in a jungle where steam drill could not be used. Day 1. Moved across river and made 14 ft in top 
soil and 11 ft in gravel. Day 2: Finished hole 1, 2.5 ft to bedrock, 27.5 ft total depth. Pulled 
casing and moved 100 ft before noon. Sunk 17 ft to bedrock in 4 hr. Pulled casing and moved 
to hole 3 and made 9 ft in overburden. Day 3 Finished hole 3, 24 ft total depth. Pulled casing 
and started hole 4 by 2 p m. Drilled 12 ft overburden and 10 ft sand and gravel by 5 p m. Day 4: 
Finished hole 4, total depth 28 ft to bedrock. Pulled casing, moved 300 ft to hole 5 and started by 
noon. Made 22 ft by 5 p m, passing through buried tree. Day 5* Finished hole 5 to 28 ft. Pulled 
casing and began hole 6. Made 14 ft in overburden and 9 ft in gravel. Day 6 Finished hole 6, 
to depth of 32 ft. Moved across and 1 mile up river and at 2 45 p m started hole 7. Made 6 ft 
in overburden and 9 ft in gravel. Day 7 Finished hole 7, total depth 29 ft. Moved 50 ft, sunk 
hole 8, 22 ft to rock. Started hole 9 after 50-ft move and made 6 ft in top soil. Summary: 7 da>s, 
213.5 ft drilled; 30.5 ft per day. J Chisholm reports aver advance of 30 ft per 9-hr day; 5 to 
30-ft holes, 6-in drill, 9 to 10 ft of loam underlaid by gravel (6). In aver tin alluvials in Banka, 
native crews of 8 men make 4 to 8 holes, 18 to 30 ft deep, in 8 hr, when distance moved between 
the holes does not exceed 60 ft. One blacksmith can do repairs and sharpening for 8 outfits (7). 
Following are figures on work with two 4-in Empire drills in Siberia, when the thermometer read 
from 0° to —45° F (7). Total depth, 6 696 ft, time, 193 5 days. Percent total time m field, 81, 
as follows* drilling, 63.7; putting on pipe, 2 9, pulling pipe, 5 0, clearing surface, 1.8; moving 
from hole to hole, 2.8 (aver time, 17 min) , moving from line to line of holes, distance 6 083 ft (aver 
time per move, 2 hr 5 min), 3.1; lost time while drilling, 1 8 Percent total time lost, 18 9, as fol- 
lows: moving camp (twice), 1 8, storms, 8.8, holidays, 5 2, resting screws, 3 1. Crew of 7 men 


on each drill. Aver time pier day, 8 hr 20 min. Av'cr advance per 
hr of total time per drill, 2 1 ft. E F. Wilson prospected some 2.")0 
acres at Quebradas, Guatemala, drilling 83 holes, aggregating 3 147 
ft, in hard ground with many large bouldeis Total actual drilling 
time, I 060 hr; aver, 2 97 ft per hr, cost for labor, 97^ per ft 




Fig 9. Empire Hydraulic 
Jetting Drill 


Empire hydraulic testing drill comprises a gasolene-driven force pump, casing, cutting shoe, 
drill tubing, jetting bit and platfoim (Fig 9). Casing, 2 5/8-in, with flush joints Drill tubing, 
1 V8"iii»' with its bit is connected to the pump. Perforations in the bit let water escape just above 
edge of bit. It is sometimes possible to wash dov/n some distance without casing. When casing la 
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needed, men stand on platform and churn the string of tools, the material being washed out of hole. 
Casing can be driven by striking on a drive head with a wooden maul. On reaching bedrock, the 
casing IS pulled by chain tongs and light jack, or by a heavy casing jack. A light core-drilling rig 
can be used for coring to small depths in bedrock. Drill is driven by a water motor, operated by 
the pump. Wt of complete outfit for depth of 50 ft, 800 lb, cost, approx $1 030 

Empire drill (Ward type), with light derrick, is also used for prospecting to depths of 
about 100 ft. For driving the pipe or for drilling, a bar or 2-in pipe is put through a loop 
on the spudding arm, which is worked by 2 men for raising and dropping the drill stem. 
The pipe is 4 m outside diam, and ^fiQ in thick. Complete outfit for 50-ft poles weighs 
about 2 600 lb; approx cost, $800. Speed of drilling depends on accuracy of test desired, 
as well as kind of ground; a 50-ft hole m aver placer giavel takes 2 days; a 30-ft hole is 
often made in a day, 

6. MISCELLANEOUS RIGS FOR SHALLOW BORING 

Mackintosh outfit is used in soft material, to reach bedrock or ground-water level; 
not suitable for h;ird rock or veiy stony soil Depth of hole*^, rarely over .50 ft, has been 
used for locating placei gravels below overburden, and sampling subsuiface water. 

A series of 4-ft by 0 5-in rods are coupled by 1-m nipples, and have a nickel-steel, 1 Vl6-in 
driving point. One man operates the tool by a lifting and driving device of two 15-m hinged steel 



arms. When the aims are folded, they will pass over the rods, but, w'hen brought into alinement, 
the jaws giip the rod.s Hy bearing down and turning on the arms, the rods are forced down. 
On re\ersing the position of arms, and pulling and twisting, tJie rods are withdrawn!. The outfit 
can also be used for horiz or upward bonng underground, requiring only 1 ft width of opeiating space. 
In tough ground on siiiface an ainil iing is attaclied to the top rod. IStiiking on it is an annular 
hammer, w'hich is dropped and raised (a.s in Fig 2). 

The borer can make 20 holes 20 30 ft deep in a day. Outfit for 50 ft: 12 rods, I /2 in by 4 ft, 
with nipples. I driving point, 9 in long by 1.25 in diam, and another, 18 in long by 1 25 in, driving 
head, core tube, 24 in by 3/g m. lifting and drning head; total wt, 50 lb. Extras: additional 
rods, auger tool, pulley block, 30 ft of VS'in wire rope and swivel hook for lifting rods. 

Core samples are taken by replacing the driving point by a coic-barrel, 24 in long and S/g-in 
bore, the rods being hammered and rotated to cut the core. Two ports in top of core-barrel allow 
escape of solids picked up as core enters the tube. To take samples ok !vn.teh, a driving point w’lth 
1 aperture is used, sliding in a sleeve also having an aperture. 5Mien lowered, the sleeve is kept in 
its top position by friction on the sides of the hole. On reaching water, the rods are raised a few 
inches in the sleeve, to bring the 2 apertures together. Water enters and is retained by giving the 
rods a half turn. 

Stripborer drill is self contained, caterpillar or skid mounted, for horiz holes 2-6-in 
diam, to lOO-ft depth, in easily drilled material, without use of water (Fig 10). Operated 
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by 30-hp Diesel engine or elec motor. Rods are in 10-ft lengths. The 3-wing, toothed 
bit is faced with tungsten-carbide. The twin-cylinder oil feed has a travel of 30 in, and 
can exert a 5-ton press. Two vert hydraulic cylinders adjust position of the drilling 
head. Total wt, 10 000-10 500 lb; cost, $9 400. At one coal mine, 1886 6-in holes were 
drilled in shale to aver depth of 48.4 ft, at 46.5 ft per hr. 

Concore core-drill is a small, light machine, for 1.5-16-in holes, chiefly used for 
cutting test specunens, as from dams and walls. Holes can be drilled in any direction, 
as the base-plate is bolted against the face of the material to be drilled. Usual diam of 
core is 4 in, in lengths of 12-15 m; length of feed, 2-5 ft. The toothed bit, of mild steel, 
is faced with tungsten carbide. Wt of drill, with 4-hp gasolene or 3-hp elec motor, 240 lb; 
with 4-hp air-motor, 190 lb. Rate of drilling 4, 6 or 8-in cores is 30-45 mm per ft. 

McKinlay entry borer. Two of these, installed m New Orient coal mine, Nov, 1927, 
have been developed efficiently (5). Cutter bars E and F (Fig 11), each 7 ft 2 in long, 
have 6 rows of teeth, with an axial bit at center. The bars, 5 ft apai t, make overlapping 

ciiciilar grooves A R and CD, by means of 


B 



Fig 11 Diagram of McKinlay Kntry Borer 


teeth 1 and 6; teeth 2, 3, 4 and 5 cut con- 
centric grooves around the bit. Coal be- 
tween the grooves is broken out by bevel 
rollers. Back of the cutter bars are toothed 
chains, supplementing the cutters’ work 
by removing the coal from B to C and A 
to D. The (“oal is earned by buckets on 
the cutter-bar shafts to a conveyer, driven 
by a 15-hp motor, and dumping into a car. 
A pump, driven by a o-hp motor, exerts a 
press against the face of 3 000 lb poi s(i m, 
giving a normal advance of 5 m per mm; 
generally, the pressure control is set to kick 
out at 2 400 lb, for an advance of about 3 5 


in per min. The cutters and chains are driven by a 100-hp, 460-rpm motor, through 
bevel and worm gears. Power is brought to within 300 ft of the boier by a 1 000 000 
circular mil cable, with a trailing cable to the machine, current is 200 ampeie, at 240 
volts. 


Curves of 80-ft radius, and grades from —11% to +17% are easily negotiated. The smooth 
surface left and the arched support on the ribs, no explosive being used in driving the entries, mini- 
mize cost of timbering. From Apl, 1934 to .)an, 1938, aver advance was 4.3 ft jier 7-hr shift 'rvpical 
time study (minutes) * boring and loading coal, 175, changing cars, 7.S 3, track wot k, 17 1 , waiting 
for locos, 27, setting jacks, 17.8; setting bits, 46.2; repairs, 32.4, misc, 20, total, 120 mm. 

P. A. P. alluvial prospecting drill is a light 4-in dull, with 3.5-hp gasolene engine 
mounted with gearing and drum, on a base of small channels and I-beains, opeiated by 
2 men. The tubular derrick has 4 logs, 2 of which are hinged to base plate. The outfit 
can be mounted on 2 wheels for moving. AVith engine lurinmg, drilling is done by tight- 
ening a turn or two of the rope on the drum to lift the dull, thou loosening the lojio to 
allow it to drop. To change from dulling to pumping, the rope is roveised, tin* dull 
being attached to one end, the pump to the other. Fcpiipment for dulling .30-ft holes, 
drill with engine, gears, drum and derrick; 125 ft of 1-in rope, bit, .lamng clamps, 50 ft 
4-in casing; drive head, cutting shoe; pipe clamps, sand pump, pipe wrenches; Barrett 
jacks; net wt, alx)ut 2 4,50 lb. 

Buda-Hubron drill is for shallow Ixirmg, for soil testing, etc. An attachment for 
drilling small holes in soft rock can be furnished. Standard rig makes holes to 30-m diam 
and 24 ft deep; 42-in holes can be drilled to 10 ft; 50-ft depths aio possible. The helix 
cutter rcvsembles a post-hole digger, but has lips and teeth for boring m frozen ground and 
shale. Engine rotates a square shaft carrying cutter, the weight of whi(‘h forces it down 
until 15-18 in of diit is built up on the cutter. Rotation is then stopped, lifting clutch 
engaged and 2 roller chains bring dirt to surface, where the dull is automatically stopped 
and locked, then, a moment’s rotation throws dirt off by centrifugal force. In hard soils, 
press is brought on the drill spindle by a feed lever, pumped up and down by hand, as in 
working a jack. The helices are in sizes from 13 to 42 in. In aver soil, 2 men can diill 
about 1 ft per min; in shale, 18-in holes, 20 ft deep, in 40 min. In soft soils, a twin cyl, 
12-hp gasolene engine is used; cost with special base for mounting on a 1.5-ton truck, 
$1 935. For harder soils a 25-hp, 4-cyl engine is used. C^ost of truck-mounted outfit, 
$2 346; wt, ^ 700 lb. With caterpillar treads, winch and derrick, cost is $5 250. 



6. CABLE-TOOL DRILLING FOR OIL 

This old method, for oil, gas, sulphur or water, is also called churn dnlhriR. In 1S59, the first 
oil well in the U S Avaa drilled near Titusville, Pa, usiuk a steam riK: depth, only 69 3 ft. The 
rotary method of drilling (Art 7) is now exclusively used for deep \Nell8, say o\er 6 (X)0 ft, but sta- 
tistics show that about 45% of the oil wells in the U 8 are still drilled by cable tools. 

There are 2 general classes: the standard rig, with stationary derrick (Fig 12), and 
the portable rig; both consist essentially of a band-wheel, bull-wheel, walking-beam, sam- 
son po.st, pitman, crank and wrist pin, sand reel for bailer, and may also include a calf- 
wheel (Fig 19). 

Standard rig developed in Pennsylvania, is commonly used in the eastern fields for 
oil and gas wells. 
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Names of parts of typical rig shown in (Fig 12): A, nose sill; A\, A 2 , A 3 , A 4 , mudsills; B, main 
sill; C, sub or counter-sill, Z), sandreel tail-sill; B, knuckle post; F, tail post; Fi, tail-post braces; 
<?, B, front and rear jack posts; H\, jack-post braces, /, samson post; /i, 72* Z^4» samson- 

post braces; *7, walking beam; tAi, walking beam cap, TT, sandreel, ZCi, sandreel lever, reach, 

and handle; L, handwheel; M, pitman; N, derrick foundation posts; O, Oi, derrick mudsills; 
F, Pi, P2, Pz, P4, P5, derrick floor sills, ZJ, bull wheel, Z2i, P2, B3, bull wheel posts and brace, <S, 
headache post; T, U, V, derrick legs, girts and braces, U’, derrick ladder; X, crown block, Y, 
sandline pulley block; a, flanges, b, shaft, crank and wnstpin, c, saddle and side irons, <1, stirrup; 
/, brake lever , g, brake band, i, crown pulley; sandline pulley, A*, reverse lever ; 1, engine block; 
h* h* engine pony-sxlls; m, m\, mudsills; n, engine-block brace; o, boiler; q, sandline, r, cable; 
8, bull rope, /, h, telegraph cord and wheel; w, reverse cord, v, handwheel tug pulley, w, sandreel 
friction pulley. 

Rig irons consist of: handwheel shaft, with crank and flanges complete; jack-posts boxes, 
saddle and side irons for supporting the walking beam; stirrup for connecting pitman to walking 
beam; sandline and derrick pulleys, gudgeons for bullwheel and sandreel Size of the outfit is 
denominated by the diam of handwheel shaft; standard sizes are 3.5, 4, 4.5 and 6-in. 


Table 2. Details of String of Tools, Oil-well Rig 


T- 


Tool 

I ength, ft 

Diameter, in 

Weight, Ib 


Bit.. 

3 5 to 6 

4 to 20 5 « 

170 to 3 750 

a 18 length 

Auger stem 

16 to 48 

2 75 to 6 

20 to 98 per ft 

of cutting 

Jars 

about 5 5 

3 5 to 8 

100 to 800 

edge, or 

Sinker bar 

6 to 16 

2 75 to 6 

20 to 98 per ft 

gage, of 

Rope socket 

2 5 to 4 

2 75 to 6 

40 to 350 

hit 


Fig 13. String 
of Tools for 
Standard Oil- Fig 14. 
well Eig 


String of tools (Fig 13) is attached to walking beam, and the feed 
regulated by means of the tempersciew (Fig 14). The jar.s, a pair of links 

lor loosening bit on upstroke, have a 4 to 12- 
in stroke, special fishing jars, 30 to 4S-iii. 

Derrick is high enough to allow stung of 
tools to swung deal of hole Staiidanl height, 
from top of Sills to undei side of ciown 
block, IS now 72 -S4 ft. liase geneially 20 ft 
square Sec also Art 7. 

Load on drilling cable, under ordinary 
conditions, is that of the string of tools, or a 
string of casing. Pos&ible max load on the 
derrick is twice the ultimate strength of 
drilling cable. I'his load must be distributed 
evenly by the crown block to the deiiick 
legs, lug 14 gives sizes for the important 
timbor.s m an <S4-ft, spike-joint dei 1 ick. Other 
de.signs by the oil-well supply houses are built 
of bolted wooden members, gas pipe or stiuc- 
tural steel. These derricks can be set up 
and dismantled with little, if any, destruc- 
tion of material, and m less lime than the 
spiked wooden derrick. 

Hoisting and transmission machinery. 
Bandwheel shaft, which distributes the power, 
is actuated by belt from the engine pulley to 
the bandwheel. From it the bullwheel is 
driven by a crossed rope running in grooved 
pulleys, the sandreel is diiv'en by friction 
from the bandwheel, and the walking beam 
is actuated through crank, wiistpin and pit- 
man. Bullwheel carries drilling cable and 
casing line. It is thrown out by throwing off 
its crossed driving rope. When not connected 
with the engine it is controlled by a band 
'asing Head brake. Sandreel is used to nin the bailer in 
Derrick hole. When the sandreel lever 

Floor is pulled forward, the friction iiulley engages 
the bandwheel and bailer is hoisted. Speed 
of lowering is controlled by throwing the fric- 
tion pulley against a friction post (not shown). 




Method of Suspending 
Drilling Rope 
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Cants, arms, handles, and shafts for bullwheel, handwheel and sandreel can be purchased 
from well-supply houses. Engine throttle is controlled by the telegraph cord running 
from the telegraph wheel on the headache post. Reversing lever is controlled by a rod 
running to the headache post. 

Ropes. Hawser-laid Manila cable, or wire rope, is used for drilling. Wire rope, 
though causing more wear on casing, is best in holes filled with water, where the buoyancy 
and stretch of hemp rope may interfere seriously with action of the string of tools. The 
usual WIRE ROPE is fi-strand and 19-wire extra strong cast-steel hoisting rope. For sand- 
lines, fi-strand 7-wire cast-steel rope is the rule. For data on ropes see Sec 12. 

Power. For steam the engine is single-cyl, 12 by 12-in, with a 40-hp boiler; for deep 
drilling, a 14 by 14-in engine and 75-hp boiler. Boiler press, 100-150 lb; hp, 80-150, 
at 100-300 rpm of engine. With elec power, the motors are 25-65 hp; 2 motors being 
coupled to a common countershaft for deep drilling. When Diesel or gasolene engines 


are used, they are usually 50-75 hp, up to 
150 hp for deep drilling. More atten- 
tion is being paid to fuel economy than 
formerly. 

Bits (Fig 15): spudding bit (a), for 
sand, gravel or clay, is thinner than the 
rock bit, as its action is merely to stir and 
mix the material with water; “Mother 
Hubbard" bit (5), for hard rock, com- 
pletely fills the hole, and keeps it straight; 
c IS the regular bit for water-well drilling; 
d is California pattern of Mother Hubbard 
bit; star bit (c) is for hard, creviced rock, 
its 4 w'liigs tending to keep the hole 
straight, placer bit (/) is made thin to 
stir up rather than crush the gravel, as m 
placer drilling (Art 14). 

Spudding, employed for the first 150 
to 200 ft of hole, consists in churning the 
tools up and down on a short length of 
culile. Two methods of actuating the 



a b 0 d e f 

Fig 15. Churn Drill Bits (Star Drilling Mach Co) 


cable are employed (.a) one or tv,o turns 


are taken around the bullwheel shaft, the opeiator grasping free end of cable. By alter- 
nately tightening and loosening the cable on the revolving shaft, the tools are raised and 
dropped, (5) end of dulling cable is attached to the bullwheel and a "jerkline" passed 
from handwheel crank to a spudding shoe (Fig 16) placed on the drilling cable, a few feet 
above bullwheel. The weight of the tools is held by bullwheel band brake and churn- 
ing motion IS obtained by the jerk on drilling cable. 

A special form of dit (Fig 15a) is used for spudding through surface soil. While spud- 
ding, watei IS poured into the hole to make a mud which will hold cuttings in suspension. 

When sludge becomes so thick that fall of the bit is impeded, 
tools are withdrawn, and hole cleaneii out with bailer (Fig 
\ 17). Stung of tools for this work usually omits sinker bar and 

jais. If surface soil will stand without support until bedrock 
is reached, the hole is drilled “open." When rock is reached, 
the tools are withdrawn and conductor pipe is lowered into hole 
Fig 16. Spudding Shoe seated firmly m rock to prevent entry of surface soil. If 

soil caves, drive pipe must be driven ahead of bit. 

Driving pipe. A shallow hole is dug and m it is placed the first length of drivepipe 
with .shoo and drivehead. The pipe is plumbed and earth filled in around it. Driving is 
done by a block running in guides in the derrick or by drive clamps bolted to a square on 
the stem. W eight is raised and dropped by either of the methods described under Spud- 
ding. When the pipe has been driven to refusal, the core is churned up and hole bailed. 


Lengths aio added to the pipe as necessary (Art 8). 

Drilling. After the hole has been spudded to such depth that there is about 100 ft of 
cable m the hole, the walking beam is brought into play. The drilling cable is wound 
onto the bullwheel, pitman connected with one of the inner holes on crankshaft, temper- 
screw hung on forwaid end of walking beam, the tools rested on bottom of hole, and the 
cable let out until there is about 4 in slack in the jars. The cable is wound with marline 
at the point where the tomperscrew clamps grip it, temperscrew is clamped on, and the 
bullwheel slacked off, thus transferring the weight to the walking beam. About 25 ft of 
cable is run off the bullwheel and thrown on the floor to prevent lashing. On starting 
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engine, the tools are picked up with a shock as the links of the jars come together, thus 
preventing the bit from sticking in the hole. Downward stroke of the string of tools is 
quicker than the movement of the end of the walking beam, because of the spring in the 
cable, action of the tools being that of a weight suspended by an elastic cord. As hole 
deepens, the bit is fed down by temperscrew (Fig 14). For the first 200 ft or so the cable 
is twisted to keep the hole round. Beyond this depth, the twist in the cable itself is 
sufficient to bring the bit to a new seat at each stroke. When temperscrew has run out, 
it will usually be advisable to pump out the cuttings. Slack of the drilling cable is taken 
up on bullwheel, temperscrew clamps loosened, temperscrew run back, pitman thrown off 
the wnstpin, and rear end of walking beam lowered. Tools are hoisted, 
swung to one side, and the bailer run in. After hole is pumped out, the 
tools are again lowered, attached to walking beam, and drilling is resumed. 



Reamers (Fig 18) are primarily for enlarging a hole already drilled (below 
casing that is to be lowered farther), or foi dressing a rifled hole. Under-reamers 
(A, Swan, B, Ideal) have 2 cutting wings, which are forced outward by springs. 
On pushing the reamer past lower end of casing, and churning it up and down, 
the hole la enlarged. C is a solid eccentric under-reamei ; D, a round reamer 



Fig 17. Dart 
Bailer 





for straightening or dressing a hole; F, hollow reamer for removing cuttings from around the top 
of an object in the hole that is to be hshed out. 

Fishing tools are for recovering lost or broken tools from the hole. The commonest accidents 
in drilling are. (a) sticking of the tools, due to wedging of the bit oi caving of the walls, (6) breakage 
of some member of the string of tools; (c) unsciewing of a joint in the string of tools, resulting m 
lc»s of the lower portion, (d) breakage of drilling cable, (<) breakage of the sandline, (/) sticking 
of the bailer, (g) “freezing” or sticking of the casing, (A) loss of a pait of the string of casing; 
(i) loss of some small article by dioppmg into the hole. 

Catalogs of Oil Well Supply Co (Pittsburgh) and other makers contain cuts and descriptions of 
the tools for dealing with different accidents, and expert drillers sometimes do\ lae special appliances. 
Fishing tools are too numerous to be detailed here, following are a few brief notes Stuck drillino 
TOOLS. If continued jarrmg with the drilling jars fails to loosen tools, a si‘e\r may be run into the 
hole on a separate hne, and churned around the string. Failing this, the rope is cut off close to rope 
socket by a rope knife, after which an attempt is made by a snip-or horn-hocket, attached to 
long fishing jars, to grip the tools. Broken rope may be picked up by a sei rated rope spear. 
If part of string of tools becomes unscrewed in the hole, it can often be recovered by lowering a 
sinker bar on a string of tubing and screwing it onto the lost tools; or the horn-socket may be used. 
If a broken string is battered or forced into the walls of the hole, a hpud is used to drill around the 
lost part, which may then be gripped by a horn-socket. Many other cases arise. 

If fishing fails to recover the lost article it may often be broken up by drilling, or blown into the 
side of the hole with dynanute; or the hole may be diverted at some point above. This latter operation 
is accomplished by obstructing the hole at the desired point with some material more resistant 
than the rock being drilled (flint, steel or even old cordage will serve) and then drilling with a string 
of tools of smaller diam than the standard size for the hole, the bit being sharpened to a chisel edge. 
A hole is rarely abandoned because of an accident. 

Combination rig (Fig 19) is designed for both cable-tool and rotary drilling. Formerly, 
it was considered best to drill to oil sands with rotary tools, and then bring in the well 
with cable tools, since rotary tools might pass through oil sands where the formation 
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pressure was low, without their being recognized. Improvements in rotary drilling 
technique (Art 7) have practically eliminated this objection. 


Table 3. Specifications for Cable-tool Rigs 


Depth of w'ell, ft 

A 

to 4 000 

B 

5 000 

C 

6 000 

Derrick 80 ft high, 20 ft square at base, 5 5 ft at top, 
with base plates, ladder, gin-pole, headers, bull- 




wheel girt and all bolts; safe working load, Ib . . . 

244 000 

244 000 

333 000 

Steel base, 20 by 20 ft, with all sills and headers 

I 

1 

I 

Crown safety platform 

1 

I 

1 

B-andwheel, diam, ft, by width of face, in. 

II by 12 

1 2 by 14 

12 by 14 

Double-tug pulley, 7-ft diam 

Triple-tug pulley, 7-ft diam with braces 

1 

1 

I 

Bullwheel (a); diam, ft, by w^idth of face, in 

8 by 12 

8 by 1 4 

8 by 14 

Bullwheel shaft, tubular, with dogs; diam, in 

12 

18 

18 

Set of wire-hne clamps, steel-lined; number 

2 

18 

18 

Crown block and sheaves, number of shaves 

2 

6 

6 

Steel bullwheel posts, with bearings and knee bracing 

2 

2 

2 

Set of A. P, I rig irons, size, in 

4 5 

5 

6 

With 12-in (A) or 14-in (B, C) brake irons, comprising 




Crank and shaft; size, in and ft 

4 1/2 by 5 1/2 

5 by 8 

6 by 8 

Walking beam saddle with stirrups and plates, 




size, in 

4 5 

5 

6 

2 side-irons and bolts; size, in . 

4 5 

5 

6 

Brake band ( 6 ); thickness and width, in 

V 4 hy 12 

1/4 by 14 

3/g by 1 4 

6 -ft brake lever; size, in . . 

2 1/4 by 1 2 

2 1/4 by 1 4 ; 

21/2 by 14 

Brake staple; size, in . . ! 

1 1/4 by 12 

1 I/ 4 X 14X 16 

1 1/2X14x16 

2 brake-band clamps; size, in 

12 

14 

14 

Front and back jack-post bearings, viith bridle i 




irons, in ... . 

4 5 

5 

6 

Wrist pm, size, in 

2 75 

2 75 

3 5 

Steel pitman with stirrups 

1 

1 

1 

Sandreel (c), with swing lever and tail post.. . 

I 

1 

1 

Steel walking beam, 26 ft long, with temperscrew and 




pitman stirrup bearings 

1 

1 

I 

Foundation timbers, set ... . 

1 

1 

1 

Steel jack-posts, 5 ft high. . . . 

2 

2 

2 

Steel samson post, 15. 5 ft high 

1 

I 

I 

Steel calf wheel for 80-ft derrick, 7 5-ft diam by 12-in 
face, with 24-in tubular shaft and 90-in sprocket 




tug rim, steel spool flange and reserve spool . 

I 

1 

1 

Calf-wheel posts, w'lth bearings . 

2 

2 

2 

Calf-wheel irons, with 12-in brake irons, set 

I 

1 

1 

Approx weight, lb . . 

60 000 

78 500 

85 000 

Approx price 

$3 750 

$5 950 

$6 775 


(a) for C, with double brakes, one 12-in and one 11-m brake \vlieel (h) Lermfli for d, H, 2 ') ft. 
for C, 26 ft. (c) For /I, 12-m diain, 42-in straiKfit face, for H, chuit-drnen, 2 G-in, with ciank shaft 
parts, for C, Model TO-A, chain driven Abuse specifications do not include lumber, enKine belt, 
forge and derrick houses and walk, tools, cable, cordage or motive power. 

Portable cable-tool rigs are suitable for 1 000 ft or loss, to 4 500 ft or even deeper. 
They are of steel throughout, and may be tnick-niountod, and move under power of a 
steam engine and boiler, or a gasolene engine. Some are moved on wagons, and then 
assembled with mast or derrick. The lighter portable ng is the “spudder,” similar to 
churn drill (Art 3). 

Truck-mounted rigs for depths to 1 000 ft may have broad tread wheels, caterpillar 
treads, or a combination of the two. Engine, of 35-40 hp, uses either gasolene or natural 
gas, and may propel the machine. A folding mast is customary, and can be quickly 
erected; usual height, 40 ft from sheave to mouth of hole. Larger portable ligs can drill 
2 500 ft, or clean out wells as deep as 4 500 ft. They will handle a load of 40 000 lb of 
casing, or an equal load in pulling out a string of stuck casing or tools. Power is com- 
monly from a 4-cyl engine, of 90 hp, at 1 000 rpm, with a planetary reveising gear. Other 
regular equipment has a 56-ft mast, 7.5-ft handwheel, 4.5-ft bullwheel, friction driven 
sandreel and chain-driven calfwheel; higher and hea^ucr masts are obtainable. Com- 
plete rig of this type weighs about 42 000 lb, without tools. Another portable rig, for 
which the individual parts are assembled where reijuired, can drill to 3 000^4 500 ft. 
Masts are 60-65 ft high, of 50 000 lb capac, and can handle 2 lengths of casing at one 
time, with a 100-hp engine. Total wt, 25 400-35 500 lb. Tractor rigs are often, used 
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with a standard derrick, and are important in drilling exploration holes, to secure samples 
of strata within relatively shallow depths. 

Examples. Fort Worth Spudder, Model C, drills to 1 600 ft. Drum holds 2 500 ft of S/g-in 
cable. Mast, 38 ft, handwheel, 60 in; hp, 20-30, wt of machine, leas power plant and tools, 
13 600 lb, coat $1 550. Main sills on back end can be extended for mounting engine, or, engine 
may be placed 40-60 ft away, with belt drive, to avoid danger of igniting well oil. Model Jumbo J, 
for 5 000 ft, has a 52-ft mast, drum for 9 100 ft of 1-in cable, engine, 100-150 hp. Weight, without 
engine or tools, 39 800 lb, cost, $5 700. Local conditions determine details of outfit. Thus, the 
Jumbo J complete with tools, for east Texas field costs $8 000-$9 000, but in Montana about 
$15 000. Fig 20 shows No 3 National belt-driven rig for 4 000 ft, with 65-ft steel mast that will 
handle 50 000 lb of casing, or 100 000 lb with aid of shear poles. Lighter rigs are made for 2 500— 
3 500 ft, with 65-ft mast, 3-sheave shear poles, hoisting blocks, 300 ft of 5/g-in cable, 65-hp Ajax 
engine, boiler, and gas burneis, wt, 70 000 lb, cost, $9 500 A smaller outfit with Diesel engine, 
weighs complete 8 000 lb, cost, $6 500 Accessories' 100 ft 12-in belt; belt clamps, 1 25, 5 and 
5.5-in by 34-ft drill stems, tw’o sockets, 5.5-in drilling jars, 4-in stroke; 5 sets of bits, 6&/8f 8.25, 



10, 12.5 and 15 .5-in by 7 ft. set of bit gages, 5 bailers, 1 l-in by 16 ft, 10.75-in by 20 ft, 9-in by 
25 ft, 7-in by 3U-ft and 5 5-in by 30 ft, 2-iii bailer dump, 4 500 ft 7/8-m cable, two 4 500-ft sand 
lines, 5/g and 2 75-in by 6-ft teuu>erscrew, set 14-in cable clamps, 60 ft of 3/g-in wire line 

for raising tompei.screw , No 2 tool jack, HJ tool brace, 1 .5-ton derrick crane, with trolley, 2-ton 
ball-bearing chain-hoist, s'vivel wieiicli, bit pulley, with 5/g-in by 8-ft endlass chain, six 5-in Hay 
Fork pulleys, 500 ft l-in casing line, set (2 each) extra heavy center-latch elevators for bits, with 
72-in links, two sets 15 5-in casing tongs with bushings, 8-ft casing pole, 37 by 20-in casing block; 
37 by 20-in triple-sheave block, No 3 derrick forge. No 3 slack tub; 400-lb auvil, set 450-lb tool 
wrenches with liners, rear ea.sing wagon, 3 KW steam-turbine rig lighters, tool box, No 743 pipe 
vise. No 1 and 00 stocks and dies, complete, hand tools, pipe cutter, fittings and about 200 ft 
each of 2-in and 1-in black pipe, .\pprox total wt, 20 000 Ib, cost, $10 300. Costs as of 1938. 

7. ROTARY DRILLING FOR OIL (see also Sec 44) 

This important method had it.s inception in 1882, when the Baker brothers, drilling 
contractors, of Yankton, Dak, tried a crude bit on a rotating string of pipe, pumping water 
down the pipe to raise the cuttings in the annular space between pipe and walls of hole. 
About 1895, they interested 3 Texas water-well drillers, Johnston, Aikin, and Rittera- 
backer, formed the American Well and Prospecting Co, and built the first rotary outfit 
in Spindletop oil field, Texas, in 1901. The method has since been highly developed. 

In rotary drilling, the bit, of various designs (Fig 24) depending upon the material 
T — in 
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drilled, is screwed to a string of heavy drill pipe (20-30 ft lengths) , at upper end of which 
is a rod of square section, 30-60 ft long (“giief stem” or “Kelly”). This passes through 
a square hole in a honz “rotaiy table,” driven by engine or motor (Fig 21). During 
rotation, the Kelly and attached drill pipe, suspended by a swivel from a hook and multiple 
hoisting block, are free to move up and down. The cable is reeved under the hoisting 
block and over sheaves in the crown block at top of derrick down to the hoisting drum, 
which, driven through chains and sprockets with clutches, has 3 or 4 speeds. This 
apparatus is called the “drawworks.” A “slush pump” forces muddy water through the 
swivel, down the drill pipe, thence through holes in the bit, and back outside the pipe to 

surface, bringing with it the cuttings. The dis- 
charge goes to the mud pit, where it is screened 
and settled for reuse. 

Since about 1933, the technique has greatly 
improved. Drilling to lo 000 ft lequires heavy, 
rugged equipment. Effects of temp of 200°-300° F 
must be controlled, and faster drilling done to 
economize costs. Important factors leading to 
better results are: concentrating wt close to bit 
by using more and heavier drill collars, hence, 
fewer failures at the neutial point, where tension 
changes to compression, increasing speed of rota- 
tion from 125 to 300 or even 400 ipm; use of wt 
indicators to show the load earned on bits, im- 
pioved bits, shaker sciet'iis for cleaning mud fluid, 
applying methods ol colloid chemistiy to contiol 
and keep mud in best condition, highei steam 
press and use of supei heated steam to lessen line 
losses, unitizing the individual diives of diawwoiks 
and lotary tables, with resultant better contiol; 
improved drill-pipe and tool-joint connections to 
mmiiiiize breakage; general use of survey in-^tTU- 
ments to check diveigence of wells, better efpup- 
ment for deflecting holes wheie lequiied, use of 
equipment for shallow holes that can be cpucklv 
assembled or moved; skidding casing racks, jiunip- 
ing and drilling equipment, e\en deiiicks, to n(*\t 
location. 

Driving equipment. Where fuel is cheap and 
good water available, steam plant is pK’feired. as 
drillers undeistand it bettei and engine can readilv 
take overloads. Individual engine diives aie fa- 
vored for the rotaiy table and diawwoiks In 
Okla City field (S), depth about GOOD ft, 2 125-h}) 
to 4 100-hp boileis are used, st(*am pi ess, 250 350 
lb. Water for steam iigs, I SOtl 3 000 l)bl per dav, 
plus 400 bbl for slush pumps. Foi deep dulling m 
Calif (13 000-15 000 ft), plants range fiom G 125-hp 
boileis at 250 lb pi ess to 5 135-hp at 350 lb, steam 
superheated to G50° F. Sometimes a central boiler 
Fig 21. Rotary Drive (Union Tool Co) plant serves seveial w ells. In Louisiana, foi 

10 000-ft wells, usual plant is 3 125-hp boileis, at 
350 lb press, and 14 by 14-in twin engine. An effic steam plant, near Bird Island, Culf of 
Mexico, comprises* 2 125-hp, 350-hp boilers, with feedwater heater and superheater, 
mounted on a barge; 136-ft derrick and substructure on piling; twin vert 12 by 12-in 
engine for drawworks; twin vert 7.75 by 7-in engine for rotary table; 14 by 7.25 by 18-in 
duplex pump; 7.25 by 18-in power pump, driven by twin vert 7.75 by 7-in engine with 
V-belt. Drilling below 7 100 ft, possibly to 12 000 ft, insulated steam lines and condenser 
reduced back press on engines and returned heated, clean water to boilers; approx 47 bbl 
of fuel oil and 300 bbl of water consumed daily foi all purposes, the rig taking 200 bbl (18). 
If natural water is hard, a lime, soda-ash or alum chemical treatment is used. In (dkla 
City field (9) , such a plant treated 2G0 000 bbl water per day, at aver cost of 1 to 
per bbl. 

Diesel power is common where gas is corrosive because of sulphur content, and water 
too hard for boilers. As gas engines are limited-torque machines, a friction clutch is 
required to pick up load. The heavy loads in deep drilling impose severe strains on clutch 
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and transmission parts. But, gas engines are economical; under aver conditions, 2 350-hp 
Diesels consume 7.5-10 bbl fuel oil, and 3-5 gal lubricating oil per day. With enclosed 
cooling system, water lost through evaporation averages 50 bbl per day. In KMA field, 
Tex, trend is toward two 225-250 hp Diesels for depths to 4 000 ft; fuel and lubricating 
oil cost 39^^ per ft on 11 000-ft wells, to 26^^ on 6 400-ft wildcat wells. In proved fields, 
costs are 19f^ per ft on G 700-ft wells to 14ff for 4 000-ft, where drilling conditions are aver- 
age and fuel-oil is $1.70 per bbl. Total water for Diesel rig is about I /20 of that for steam. 
In an Eastern field, drilling to 6 000 or 8 000 ft, 2 200-hp 6-cyl gas engines used 40 000- 
50 000 cu ft of gas per day, and 100 bbl water. A steam rig m same region used 15-20 ton 
coal per day. 

Electric power is flexible, easy to control and has high effic. First cost of a Diesel- 
electiic ng is relatively high; operating and maintenance costs, low. Twin-motor drive 
IS used on deep wells. Motors must be explosion proof, if well is gassy. Diesel-elec 
plant, with dc motors and Ward-Leonard control, is a very flexible unit. For medium 
duty, 2 2()0-hp Diesels drive 2 125-kw, 1 200-rpm dc generators, with two 150-hp, 200-volt, 
9()()-rpm shunt motors, or one 150-300-hp, 220-400 volt, 450-900 rpm motor. Wash- 
down and fresh-water pumps use 2 5-hp 115-volt motors. Separate geneiators drive 
drilling and pump motors. For hoisting, 400-volt generators are in seiies. A drilling 
motor develops half full load at 220 volts and 450 rpm , hoisting motor, full load at 400 
volts and 900 ipm. Two drilling motors are sometimes used. 


Table 4. First Cost and Annual Charges of Prime Movers (10) 


Type 

First 

cost 

Per- 

cent 

Annual fixed 
and operating 
charges 

Per- 

cent 

8 team 

$13 700 

100 

$37 800 

100 

Alternating current 

3 11 60 

166 

24 500 

65 

Variable \oltage, ac or dc 

32 650 

175 

27 500 

73 

Clasolcne engine, diiecf dru 0 

41 090 

220 

40 500 

107 

\'ariab!e \olt ige (gasolene) do 

39 580 

211 

37 000 

98 

Diesel engines, direct drive 

42 500 

227 

26 600 

70 

\’ari ible \oitage do, Diosol dru e 

43 540 

244 

24 800 

66 


In Okla Chty field, to 1932, some 25 wells w’ere drilled by elec power. Equipment 
ranged liotn tw'o G5-hp motors to one 250-hp motor for drilling, slush pump motors, 150- 
250 hp An a\er for 21 wells, a\er depth 4S4 ft, w'as 54 35 kw-hr per ft drilled. Delays 
111 7 W'clls caused ahiiormal consumption of current (S). 

Special drilling outfits luplude Oilwcll-Hild or Ido-il ll.illihurtou differential drive, and Ilydril 
ro(arv outfit, lust Iwt) Ki\e close control o\ei \>t on bit, the last has a vert engine (geared to the 
lot.iiv table), vvlueh lifts and lowers the drill stem bj' hydraulic jacks, and thus exerts a downward 
pi ess on dull pipe, if drilling must be done under press, as when “heaving “ formation.s are encount- 
ered (S) Hydraulic feeds aie also obtainable In general, use of weight indicators, improNcd 
bits, long lengths of hea\ y dull collars, and frequent surveys, have tended to faster drilling and 
closer control o^ er the deflection of holes 


Derricks. Before standardiztitiou of equipment was begun by American Petroleum 
Inst, each maiuifactuier used his own specifications. As most makeis have adopted 
API staiulaids, much eqtiipment is now' interchangeable. There are 9 legular sizes of 
steel demcks (Table 5) and 8 of w'ood. 


Sizes of wood derricks are 
same as in Table 5, except 
that No 10 has a 22-ft base, 
(''olumns .*>, t) and 7 giN e ap- 
prox data for avei designs 
Heights ate measured vert 
from floor joists to bottom of 
water-table beams in toj) of 
dernck API eapac of steel 
derricks, stamped on name 
plates, 18 4 times the static load 
capac of a single leg, based on 
safety factor of 2 at the yield 
point, or factor of 3 5-4 on ult 
strength of steel, omitting wt 
of derrick and vibration of live 


Table 6. American Petroleum Institute’s Steel Derricks 


No 

Height, 

ft 

Base, 

ft 

Water table 
opening, ft 

Capacity, 

lb 

Weight, 

lb 

Approx 

price, 

1938 

8 

66 

20 

41/3 

159 000 

9 730 

$ 800 

9 

73 

20 

41/3 

159 000 

10 560 

825 

10 

80 

20 

51/2 

244 000 

13 350 

I 000 

IIA 

87 

20 

51/2 

244 000 

14 080 

1 050 

II 

87 

24 

51/2 

333 000 

16 560 

1 200 

12 

94 

24 

5 1/2 

333 000 

18 530 

I 300 

16 

122 

24 

51/2 

537 000 

30 120 

2 300 

18 

136 

26 

51/2 

645 000 

37 980 

2 660 

18A 

136 

30 

5 1/2 

800 000 

47 090 

3 400 
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loads. It is good practice to assume the max crown-block load plus wt of derrick to be equal to the 
API safe working load. To this add wt of substructure and machinery supported by foundation 
piers, and distribute the total to determine max load on piers. Assume 1 Vs-m plow-steel cable, 
of 94 000 lb ult strength; if reeved 10 times through crown and traveling blocks, effective load 
on crown block is 94 000 X 10 - [(10 X 3.4%) X 940 000] = 620 400 lb; 3 4% being the loss 
per reeve Due to eccentric loading of crown block and angular pull of drawworks and dead- 
end lines, a horiz component of the load is applied to top of derrick, reducing its capac. API 
specifications state: approx 20% reduction, if dead-end line is anchored to corner of derrick 
opposite drawworks side; approx 7% reduction if dead-end line is anchored to calf- wheel oppo- 
site drawworks; if the dead-end line is anchored to derrick on same side of drawworks, the der- 
rick capac is reduced about 40%. Derricks are designed for wind load of 70 miles per hr. 
Derricks like Emsco or Ideco are built in 6-12 subsizes for each standard API height, mam leg 
angles ranging from 5 by 5 by S/g-in to 8 by 8 by Vs-m. Special reinforcing members may be 
used, at added cost of $600-$850, that is, a No 18 derrick may be had in capacities of 243 000- 

1 132 300 lb. After completing the well, the reinforcement may be transferred to another derrick, 
the stripped derrick handling the pumping equipment. In general, a well should flow for at 
least 2.6 years to warrant replacing original derrick by a light one when pumping begins. Since 
wells are now being drilled to 10 000 or even 15 000 ft, derricks of 136, 175 and 185 ft are com- 
ing into use; one company proposes 250 ft. A new design in the Wasco field, is 178 by 26 ft, 
but instead of the usual uniform taper it is tapered slightly at first, to 18 ft square at 125 ft 
(the “fourble” board), giving more space for stacking drill pipe m stands of 4 lengths or 
“fourbles,” within the derrick. 

Tall Calif wood derricks have legs of five 2 by 12 and one 2 by 10-m plank, to form continuous 
laminated angles. Inside girts, 1.5 by 12 m, 16 ft apart, outer girts, two 2 by 12 in, spaced 8 ft, with 

2 by 8 bracing. A combination wood derrick, 122 by 24 ft, requires approx: 40 500 bd ft Oregon fir 
and 11 540 bd ft redwood, wt, with wood parts of operating mechanism, about 146 750 lb, cor- 
rugated iron siding, roofing and nails, 2 960 lb. Wood derricks are now little used, except for shallow 
wells to keep cost low; local ordinances may prohibit them within 500 ft of a building. A small red- 
wood derrick in one field cost, with casing racks and mud ditch, about $1 900. 

Erecting derricks is done at fixed charge by skilled crews specializing in such work, 
or by oil company’s men. Extras include: cellar, at top of hole, 6 to 20 ft deep and walled 
with concrete; derrick foundations; woodwork and corrugated iron for roof and wind 
break around bottom of deirick. Derricks may be set on a steel substructure, 7-8 ft 
high, that carries rotary table, drawworks and engine; or on concrete pillars, or steel 
extension legs may be used. A 122 by 24-ft derrick, API capac 405 000 lb, with concrete 
cellar and all woodwork, costs about $4 500. Approx cost of 130 by 20-ft derrick, API 
capac 935 000 lb: steel, $9 500, erection, $1 000, woodw'ork, $1 500; concrete, 100 cu yd, 
$1 800; total, $13 800. Concrete may amount to 70, 80, or 100 cu yd, at $12-$19 per yd. 
For a 150-ft derrick, Macco Construction Co gives aver labor cost of $1 500, cfiually 
divided between steel, concrete, and woodwork To this add. say 70 cu yil concrete, 
18 000 bd ft of lumber at $35 per M, and about $150 foi corrugated iron. In Wyoming, 
erecting foreman is paid $14 per day; rest of crew, $11.50, labor on concrete, 80^ pei hi , 

9 skilled men can erect an aver derrick in one day, all foundations being in place, and gin 
pole and hoist ready. An oil company gives following generalized costs. 

94-ft derrick, steel cost, $1 600, cost erected, $3 000 To reduce co?t one company 19 trying 

122-ft “ “ “ 2 300, “ “ 4 000 out a portable deinck of 3 28-ft sectiona; 

136-ft “ “ “ 2 800, “ ’* 5 000 total height, 84 ft, capac 323 000 1b, der- 

178-ft “ “ “ 6 000, “ “ 10 000 rick will hold 2-joint stands of pipe (about 

30 ft pel joint), or say 6 000 ft of 3-in pipe, 
or 4 000 ft of 4-in. It is for drilling only; can be erected in 5 5 hi and dismantled in less time. 
Salvaging a 136-ft steel derrick costs about $250 for dismantling, loss in bolts, etc, $100 $150, 
total loss, $400. Local laws may require breaking out concrete and re.stormg ground to original 
condition. Salvage of woodwork, about 60%, large timbers can be leused, also form lumber 
and casing racks. 

Skidding derricks from one location to another is increasing (11). Four skid plates, 

10 by 10 ft on top and 7 by 7 ft at bottom, are connected to doriick legs by ball-and- 
socket joints. Another type is a heav^y timber sled luniier of two 8 by 10-m timbers, 
with tapered steel-shod shoes on each end, so that the deinck can be moved m either 
direction. One caterpillar tractor may do the hauling, 2 are better; 3 may bo required. 
Dry ground resists skidding. Time to prepare derrick for moving is 14 to 16 hr; actual 
moving time, 40 min to 3 hr, at 1 mile an hr under good conditions; a 175-ft wood derrick 
was moved 3/4 mile for $1 000, distances of 3 miles have been reached. 

Mud fluid (Sec 44). Functions are: to raise cuttings from the well; to cool and 
lubricate bit and drill pipe; to hold solids in suspension when drilling is stopped, to seal 
off minor oil, gas and water-bearing strata, by building up an impervious coating on walls 
of hole; to exert through its wt a press exceeding that of surrounding strata, thus prevent- 
ing blow-outs of gas or oil (see Table 6 ). 
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Successful drilling to 12 000-15 000 ft, where the temp may be 260®-300® F, demands 
definite control over the mud fluid by applying principles of colloid chemistry. As clay 
contains only about 5% colloidal matter, more must be added to make suitable drilling 
mud. Good muds having marked fluidity when m motion aie plastic when at rest, due 
to colloidal “gel-forming” (12, 13, 14). “Aquagel” (largely Bentonite) is a gel-forming 
substance; used alone with water, it gives a mud of 64 lb per cu ft, or 2-5% of it (by wt) 
is added to ordinary mud. “Gel strength” cannot be measured directly, but by noting 
the viscosity at outflow, and again after the mud has stood for 5 mm; the difference 
indicates the “gelling” rate. This is important in very deep holes, where changing bits 
may take 8-10 hr. If gel strength is too low, cuttings will settle and cause bit or drill 
pipe to stick in the hole; if too high, it is difficult to start circulation on resuming drilling. 
Wt for wt, viscosity of colloids is 10 times that of solids; hence, percent of solids must be 
kept as low as consistent with necessary wt of fluid. Also, the higher the percentage of 
solids, the longer it takes to fonn the impervious coating on the hole walls. To remove 
solids at outflow, vibrating scieens arc best; mesh, 20 to even GO in presence of much 
fine sand , 30 mesh is common for deep holes, where outflow may not exceed 200 gal per 
mm, 20 mesh has been used for 750-gal flow. 

To determine viscosity, the Marsh viscosimeter is standard; a funnel 6 -in diam at top and 
12 in long, with a 8 /i 0 -in tube at bottom. It is filled with 1 500 cc of mud, and 1 000 cc is run 
into a measuring flask, the time required being noted with a stop watch In laboratories, the 
Stormer viscosimeter is widely used. Wt of muds is found by the Braun Mud-rate hydrometer. 

Formation pressures. Normal press is the hydrostatic head equal to depth of hole; 
but, due to geologic changes, press may vary from normal. In Calif, formation press 
rarely exceeds the hydrostatic; Table 6 shows the relation in Gulf Coast fields. When 
press IS hydrostatic or 

less, a mud of 9 5 lb per Table 6. Formation Pressures in Some Gulf Coast Oil Fields (16) 
gal (sp gr 1.4) is satis- 
factory if it contains 
proper amount of col- 
loids (Fig 22). Viscosity 
should be between 25 
and 30 seconds by test, 
to prevent entrainment 
of gas m the mud that 
might cau.se a blow-out. 

Assume 0 .5 cu ft sand 
per ft of hole, containing 
0.2 cu ft gas at 1 500 lb 
press, drilling speed 0.5 
ft per mm, releasing 0.1 
cu ft gas at hole pre.ss or 
10 cu ft at sutfaco; 200 
gal (27 cu ft) mud or 
1 900 lb ciri’ulated per min at 9.5 lb per gal or 71.1 lb per cu ft. At surface the mud- 
gas mixture occupie.s 27 plus 10 or 37 cu ft, weighing 1 900.5 lb, or 51.36 lb per cu ft. 
As the aver wt of mud m the hole is 1/2(51.36 -f 71.1) or 61.2 lb per cu ft, the mud would 
be blown out. At a 15 000-ft well in the Wasco field, the mud was degassed in a steel 
cylinder, fitted with baffles, where it was subjected to a vacuum of 12-14 in, increasing 
its wt 10 11) per cu ft. Vol of gas from wells \aries greatly in diflerent fields; from 10 to 
40 cu ft per hhl of oil, to as high as 100 000 eu ft. In some wells the mud is so badly 
“gas cut” that it must fieciuoutly bo rejilaeed by now mud. 

When gas press is high, the mud may be w'eighted with a hea\’y material, as Baroid 
(mainly barytes), or Gidox (Fe^O^), both of about 4 2 sp gr. .\s wt matenal adds little 
to viscosity, using too much cause's some to settle out. The mud should be thinned, so 
that the clay just stays in suspcn.sion. Tested by diluting a sample in a beaker until 
free waU'r shows on top after standing, then mix in the hea^'y material, until desired wt is 
reached (Fig 22), Gel strength may be inci eased by adding alkaline or soluble salts; 
decreased by sodium tannato or .<3odium gallate (15). Viscosity of an aver mud increases 
when temp excee^is about 185° F. As max dispersion of colloids occurs when the mud is 
slightly alkaline, the efTect of chemical treatment should always be determined (17). 
Fig 23 shows a device for testing behavior of a mud; filter paper is placed over the screen F 
and cylinder C filled with 600 cc of mud, C, with its top clo.sed by cap A, is set on support 
K, Air, or nitrogen, in the cylinder should bo sufficient to maintain press at 100 lb for 
3 hr; amount of water present being noted at intervals. Finally, pour out mud and 
remove filter cake; remove the soft layer by a gentle stream of water, measure thickness 


Name of field 

Depth of 
observation, 
ft 

Observed 
press, lb 

Equivalent 
hydrostatic 
press, lb 

Press of 
column of 
mud, at 

10 1 b 
per gal 

Viiuhuac 

7 045 

3 190 

3 057 

3 663 

C onroe .... 

5 103 

2 228 

2 215 

2 653 

Corpus Chnsti . 

4 020 

1 528 

1 744 

2 090 

Dickinson . 

8 010 1 

3 775 

3 476 

4 165 

“ 

9 100 

4 231 

3 949 

4 732 

Flour Bluff 

6 624 

3 026 

2 874 

3 444 

Hastings (83 wells) 

6 035 

2 731 

2619 

3 138 

Saxet 

5 700 

2 537 

2 473 

2 964 

South Houston . 

4 705 

2 172 

2 041 

2 447 

Sugar Island 

3 725 

1 665 

1 617 

1 937 

Thonqipons 

5 225 

2 197 

2 268 

2 717 
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of cake and note its compactness; thickness and water loss are influenced by sand and salt 
content, gel-strength, viscosity, wt and percentage of solids; hence the test shows the 



Fig 22. Pressures of Mud Fluids 


over-all behavior of the mud and whether colloidal content is sufficient; a thick cake and 

high water loss aie undesirable, l^se 


/1800 lb«. 
r presbure 



bit for softer material. 


of molten sulphur instead of mud is 
being investigated, for penetrating 
loose formations and consolidating 
them. On fieezmg, it makes an 
impel vious supporting wall, nearly as 
strong as concrete. 

Rotary bits and speed of drilling. 
Heat-treated alloy steels are used for 
bit heads; blades are diop forged from 
chrome-nickel steel and haul surfaced 
with Stellite or tungsten carbide; roll- 
er teeth wear longer, and cones have 
ball-bearings to insure free operation, 
lilts are do.signed m groups for service 
in- hard formations (chert, dolomite, 
basalt and quartzite) ; medium hard 
formations (limestone, hard shale and 
anhydrite) ; .softer material (shales, 
salt, gypsum and chalk). Roller bits 
are customary for hard rock; fishtail 
(drag bits) for softer strata. 

In Fig 24, A is Reed roller bit for 
hard ground, R, Hughes bit for medium 
ground and C for medium ground; D is 
4-blade scraper or drag bit; E the Reed 
replaceable fishtail bit; F, Hughes roller 
Many special bite are used instead of fishtail bits for soft top forma- 


Supporl K 
Fig 23. Baroid 100-lb Tester 
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tions (19). In deep holes, requiring 5-10 hr to run drill pipe out and back for changing bits, any 
increase m footage per bit has a marked effect on total drilling time. Roller bits can not be 
dressed, and are scrapped. Fishtail bits can be sharpened, or new blades put on. Assume cost of 
$10 per hr to operate a ng. Fishtail bit costs $150, drills 32 ft in 8 hr, and 3 hr are required for 
round trip from bottom of well, then, $5 for dressing plus $110 for 11-hr operation makes $115 
total. Actual drilling rate may be 4 ft per hr, but including round trip only 2 91 ft per hr, at 
$3 59r> per ft If roller bit drills 200 ft in 50 hr, with 3 hr for round trip; then $150 for bit, plus 
$530 for r)3-hr operation, make $680 total. At drilling rate of 4 ft per hr, over-all aver is 3.77 ft, 
at $3 40 per ft. This companion shows 29.55% increase in speed and 5.4% decrease in cost (20). 
Roller bits are generally rented from makers, not sold outright, rental, from $62, for 3.75 to 4.25-in 



Fig 24 Rotary Bits 


size, to $700 for 251/s to 26-in .size. Rei»l vceable-blade fishtvil bits cost $30 for 1 25 to 5 5-in 
heatl, to $15i) for 15 to 25-iii head Pdade.s cost $2 75 per in, that is, a lO-in blade, $27.50, 4-blade 
drag bit.s, ^Mth blades elded in, from $6t) for 0 to 7-in bit, to $199 for 20l/g to 23-in. For bits 
with 2 or 3 bladc'^, deduct $10-$30 for each bl.ade less than 4. In Rio Bravo field, Calif, one com- 
pany used rollci bits in dulling to 11 200 or 11 600 ft, three 17 5-m bits to 2 500 ft, then 12.25-in 
bits to 10 000 ft and ll-in below, totaling 7.5 to 85 bits per hole. 


Table 7. Performance of Bits in a 15 004-ft Well, Wasco Field, Calif 


Typo 

Size, in 

No 

Footage 

Hours 

Ft per hr 

Ft per bit 


1 

20 1/2 

1 

497 

10 

49 7 

497 


2 

14 3/4 

1 

221 

4 

55 3 

221 


I 

14 3/4 

10 

4 787 

200 I 

29.3 

378.7 


1 

9 Vs 

I 

29 

4 

7.3 

29 


3 

9 5/8 

4 

1 375 

100 

13 73 

343 3 


4 

9 5/8 

6 

1 061 

202 

5 3 

176.9 


5 

9 5/8 

29 

2 771 

904 

3.1 

95 6 


8 

6 

4 

16 

16 

1 

4 


5 

6 

59 

2514 

684 

3.7 

42.5 


9 

6 

35 

544 



15.5 


10 

6 

4 

44 



11.0 

core 

9 

5 7/8 

17 

232 

64 

3.6 

13.7 

DltS 

10 

5 7/8 

2 

26 

7 

3.7 

13.0 


It 

5 7/8 

3 

46 

12 

3.8 

15 2 
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In Appalachian area, hard coarse-grained sandstone was drilled at rate of 1 ft in 15 min. Thin- 
bedded sandstone, 3 400-7 443 ft deep, required 60 8.75-m bits; time, 3-48 min per ft. In a 
chert, six 8.76-in bits were used in first 20 ft, drilling rate, 25-200 min per ft (21). In diilling 
1 468 ft, largely anhydrite, in La, 15 hard-faced 12.5-in bits were used; time, 339 hr; aver per bit, 
98 ft; aver hr run, 22.6; aver speed, 4 3 ft per hr; cost, at $148 each, $2 220; aver bit cost per ft, 
$2 (22). In a Texas field, 9-m holes from surface to 1 400 or 1 800 ft required 3 or 4 fishtail bits, 
below, through sharp sands, broken limestones and shales to 3 650 ft, 8—13 roller bits were used. 
Weight on bits, about 1 000 lb per in of bit diam (23). 

Proper rotative speed and close control over wt on bits are essential (24). In upper 
part of hole, under favorable conditions speed may reach 300-350 or oven 400 rpm, but 
150-250 rpm are commoner. At depth, speed falls off to 125-150 rpm. In Calif, drilling 
rate may reach 160 ft per hr near surface, but only 2-3 ft per hr in very deep holes. 
Recently, an 11 500-ft well was completed in 61 days, from spiidding-in to oil m tanks. 
Wells of 2 000 ft require 12-16 days, 4 000-4 500 ft, 18-25 days, 5 000-6 000 ft, about 
30 days; 7 000-7 500 ft, 35-40 days; 8 000 ft, 55-60 days, 10 000-11 500 ft, 75-90 days, 
sometimes even 120 days. 

Since rig expense may be $375-$500, or even $1 000 per day, it does not pay to use 
dull bits. Wt is brought close to bits by using drill collars (extra heavy pipe) just above 
bit. Actual wt on bit is wt of drilling pipe less flotative effect of the mud fluid. As 
much as 350 ft of 147-lb drill collars have been used; 80-200 ft of 80-lb collars are com- 


Table 8. Specifications for Rotary Drilling Equipment 


Range of depth of well, ft 

A 

6 000- 
8 000 

B 

8 000- 
n 000 

C 

11 000- 
15 000 

3 1 25-hp locomotive boilers @ 30 096 lb 

2 6 by 4 by 6-in boiler feed pumps @ 8 1 8 lb 

Superheated steam generators with fittings, piping and 30-m by 
42-ft stack, @ 34 850 lb 

90 288 

1 636 

69 700 

104 550 

Steel-clad boiler insulations @ 1 000 lb. . 


2 000 

3 000 

Gas burners in steel frame, fire brick insulation, @ 2 200 lb 


4 400 

6 600 

3-in type G boiler regulator valve . . . 


100 

100 

Feed water heater umt, with 10 by 4 5 by lO-in feed pump on 
structural steel base ... 


9 600 

9 600 

12 by 1 2-in enclosed horiz twin-cyl steam engine 

12 by 12 by I2-in twin-cyl vert steam engine 

2 10 by 9-in vert steam engines, total 1 300 hp 

13 455 

16 750 

42 300 

Unit type rotary hoist 

No 9-P unit type hoist 

24 810 

33 300 

33 300 

Steam slush pumps, 7.25 by 14.75 by 18-in @ 14 000 lb. 

28 000 

14 000 


Steam slush pump, 7.25 by 16.25 by 20-in 

Power slush pump, 55 rpm, with twin-cyl vert steam engine and 
V-belt drive (o) 


38 860 

18 600 

60 955 

Parkersburg Hydromatic brake, type R 


5 500 

, 5 500 

2-8peed rotary drilling unit, with 7.75 by 7-in vert engine and 
27.5-in Model 35 rotary, on skids 

i 

23 400 


No 7272 rotary drilling outfit 

27,5-in Model 35 oilbath rotary table with drill-stem bushings 
Vibrating mud screens @ I 600 lb . . 

9 875 

1 600 

3 200 

23 400 

3 200 

Set of rotary slips (6) . . 

166 

174 

174 

Square Kelly, Cr-Ni steel with upset ends (c) . . . 

3 105 

5 330 

5 330 

6-in by 60-ft Cr-Ni steel drill collar with 6-in bore down, 5-in box 
up 


8 537 

8 537 

1 500 ft 1-in 6 by 1 9 A P I right or Lang lay plow-steel casing line 

2 500 ft 1 Vs-iu 6 by 1 9 A P I right or Lang lay plow-steel casing line 

2 600 

5 075 

5 075 

Extra heavy side door elevator (d) . . 

270 

314 

314 

Set of 2.75 by 84-in weldless elevator links 

476 

270 

270 

Casing hook («) with safety latch 

I 665 

3 000 

5 025 

Center-pin crown block (/) 

5 000 

8 350 

8 350 

Set of 2 6 5/8-in extra heavy BJ rotary tongs 

714 

714 

714 

6-in oilbath swivel (g) 

2 350 

3 400 

3 400 

Streamline roller bearing traveling block 

5 600 

10 050 

10 050 

Rotary hose with Hartman couplings (h) 

750 

900 

900 

Total weight, lb 

192 560 

266 924 

359 244 

Approx cost fob Los Angeles 

$40 000 

$74 000 

$88 000 


{a) pump 7.25 by 18-in, engine 7.75 by 7-m; C, pump, 7.75 by 20-in, engine 10 by 9-in. 
(6) A, 59/l6-m; B and (7, 66/8“in. (c) A, 5.25 by 40-in; B and C, 6 by 51-in; (d) A, 6-in; B and (7, 

6o/8-in. (e) A, 8-in Wigle hook; f?. No 150 Triplex; C, No 300 Triplex. (/) B and C, California 

heavy-duty type, (g) B and C, type Imperial 150-B. {h) A, 2.6-in by 45 ft; B and C, 3-m by 45 ft. 



KOTAKY DRILLING FOR OIL 


9--23 


moner. Wt on bits is generally shown by wt indicators, like the Martin Decker. In 
principle, a slight offset is made in the dead-end line. As the press making this offset is 
balanced by a small quantity of fluid back of a flexible diaphragm, it is a measure of the 
load on the line. Piessures are recorded either in lb, or “points” which must be converted 
into lb. The fluid press causes a hollow shaft, with smaller shaft inside, to move the 
recording pointer and vernier hand on the dial; a continuous record is kept on the other 
dial. In the “Quintuplex” form, the instrument records, steam press in engine as a 
measure of the torque required in drilling, rpm of rotary table, mud press in pumps, wt 
of drill pipe and of mud. 

Examples of rotary-drill outfits. It is estimated that in U S 29 014 wells were drilled m 1937, 
of which 20 091 were oil wells, 2 531 gas wells and 6 392 dry holes (25). Aver depth, 3 230 ft. 
About 55% were rotary drilled. Rotary outfits are costly compared to the cable-tool, but are 
best for depths over 6 000-8 000 ft. Recently a deep well was completed m hard formation, after 
cable-tools failed to make further progress. Drilling equipment is subjected to hard usage, and its 
life IS shoit One operator states 1 095 actual operating days, or approx 4,5 years of elapsed time, 
as the serviceable life of a rotary outfit (25). Roughly, a light outfit costs $50 000, medium outfit 
$70 OOO, and a heavy outfit $98 000 (26). 

A steam-driven rotary, for 2 000-3 000 ft, is as follows- t^^o 100-hp locomotive type boilers, 
complete, each 27 090 lb, two 6 by 4 by 6-in boiler feed pumps, for 250 lb steam, with water end 
for 500 lb, each 818 lb, one 11 by 11 semi-enclosed twin-cyl horiz steam engine, 7 635 lb; two 
12 by 6 by 16-in slush pumps, each 8 300 lb, one 17-in oil bath rotary table, complete, 5 985 lb; 
1 set 4 .5-m rotary slips, 152 lb, 1 chrome nickel-steel square Kelly, 4.25-m by 40-ft long, 2 060 lb; 

1 unit type rotary hoist, 13 500 lb, 1 .500 ft of 1-in 6 by 19 API oi Lang-lay plow-steel casing 
line, 2 600 lb, one 7-in Wigle oa.sing hook, w'lth safety latch, 1 196 lb, one 2.5-in by 45-ft Thermoid 
No 325 rotary hose, with couplings, 620 lb, 4.5-iu double side-door elevator, 150 lb, set 2.25-m 
by 72-in weldless elevator links, 304 lb, set 4 5-in extra heavy BJ rotary tongs, 674 lb, center-pin 
crown block, 2 770 lb, 4-sheavo roller-bearing traveling block, 3 775 lb, 6-in oilbath swivel, 

2 3.50 lb, total wt, 116 047 lb, approx co«it, fob Los Angeles, $24 000 in 1938 The above specifica- 
tion does not include derrick, drill pipe, bits, steam lines, and misc tools 

Steam rotary equipment for depths to 5 000 ft (L Cl. E. Bignell): 15-in sheave crown block; 
66-in 4-sheave traveling block, 1, 50-ton hook, 100-ton swivel, 27 5-in rotary table; hoist, double 
drive of two 7 75-in by 7-in vert steam engines, on skid base, with pillow blocks, clutches and 
spiockets, 7 2.5-1 n by l4-in slush pump, superheat steam generatoi , feedw'ater unit, consisting 
of 5- and 10-in by 6-in by 12-m heater pump, 10-in by 1..5-in by 10-in boiler feed pump, oil separator, 
5-kw generator and steam turbine, skids, piping and valves, total approx wt, 140 000 lb, approx 
cost, $36 000. Additional items include* derrick, 4 6-in drill pipe, steam lines, wire line, and miac 
rig tools, 

“ Slim-hole ” exploratory drilling refers to holes of small diam, bored by portable outfits. The 
first of these were diamond dulls (.Art 17), long used in oil fields, and recently built heavy enough for 
depths of I 000 ft Such a drill, mounted on a ti uok, has a folding mast or tripod The automobile 
engine supplies pow'er, with a special engine for the slu.sh pumps A similar truck-mounted outfit 
for dining a rotary drill has been de% eloped especially for shm-hole work It has a 60-ft folding 
derrick, and hvdrauhc feed for the drill pipe A 6 25-in hole can be bored to 4 000 ft. Wt is about 
61 000 lb, not including drill pipe, price, $35 000 Machines for 7-in holes to 6 000 ft weigh 
75 000-80 000 lb, cost up to $4.5 000 For elec or Diesel engine drive, cost is $4 000-$10 000 more. 
Another shm-hole portable unit is mounted on skids Gas engines are used, derrick of standard 
type Diesel units cost about 
$40 000 each, as against 
$51 0(K) for a steam ng. 

Diesel unit in Table 9 drilled 
6 25-in holes in west Texas 
for about $3 a ft. It is pre- 
dicted they will be so im- 
proved that a skilled crew 
can drill holes for $2 50 a ft, 
everything included. One 
company found that holes 
m same formation.^ and to 
same depth could be com- 
pleted in 200 hr less time by 
69/i6-in drill pipe and9 7/s-»n 
bits, instead of 3 5-in stem 
and 6 7.5-m bits (reasons not 
explained, Apl, 1938). 


Table 9. Comparative Slim-hole ” Drilling Costs 

(L. G. E. Bignell) 



Light 
steam ng, 

9 7/f^-in hole, 
per ft 

Diesel 

unit, 6 3/4-in 
hole, per ft 

Big labor. . ... 

1 30 

$1 42 

Transport, . . 

28 

.14 

Bit cost 

36 

522 

Fuel , ... 

375 

.088 

Supervision . 

092 

.092 

Supplies and repairs 

395 

.325 

Indirect costs (wire lines, deprec, mise 



charges) 

645 

83 

Totals 

$3 45 

$3 43 


Use of seismograph (Sec lOA) for oil prospecting has created demand for light, mobile, 
fast-dnllmg rig for shallow holes of small diam for blasting. Cores may bo taken, if 
desired. As many as 240 shot-holes, averaging 100 ft, have been drilled by one machine in 
30 days, 10 hr per day. One type is mounted on a steel frame for placing on a truck, barge, 
trailer or skids; powered by two 4-cyl gasolene engines, for pump and drilling. Pump, 
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Table 10. Report on 60 Oil Wells in Nowata County, Okla, in Aug, 1936 
(8 Star “ K ** Spudding Machines) 


24 Drillers, 31 days at $6 

24 Tool dressers, 31 days at $5 . 

1 Tool pusher, monthly wages 

1/2 General supt’s salary . . 

1 Sample man, $150, and I office man, $125 

1 Man on engines. . 

Labor total 

Labor insurance, $ 1 1 per $ 1 00 

Interest on investment of $40 000 at 6 %. . . ... 

Deprec and up-keep, 5-year basis 

Expense of 3 cars, for supt, tool pusher, and sampler . 
Insurance and taxes . . 

Gasolene, 2 gal per machine, 1 1 fi per gal 
Engine oil, 2 qts per engine per 24 hr, 75^1 per gal 
Total expense 
Cost per ft of hole, $0 4825 


$4 464 
3 720 
400 
250 
275 



$9 259 

$1 018 49 
200 00 
666 66 
350 00 
200 00 
1 298 44 
93 00 
$13 085 59 


These 60 wells were 445 to 460 
ft deep, total, 27 120 ft. Time 
includes moving, drilling, clean- 
ing out, and setting casing. 
1 000 ft of 0.75-in pipe line 
(not included m above co.st) 
drilled 30 wells (13 650 ft of 
hole), averaging over 10 ft of 
hole per ft of pipe Cost 1 56 
per ft. Total cost, $0.5008 per 
ft. 


4 by 5-in, or 4 by 6-in duplex. Derrick is of tubular design, 24 ft high; capac, 12 ton. 
Bore is 3.25-in, to pass 2 pipe and tool joints. For drilling to 500 ft, with 2 3/g-in 

pipe, machine weighs 12 000 lb, cost, about $10 000. Acce.ssoiies drill pipe and collars, 
4 wing drag-bits, rotary hose, suction hose, slips for setting easing and tools. 

Comparison of cable-tool and rotary drilling. The cablk-tool driller can stop the 
hole in the most productive formation, with little danger of niuddirig olT a piodiicing 
stratum. If bottom water is drilled into, the actual depth of well is known and shutting 
off water is thus easier. Costs of equipment and operation aie lower than for rotary 
drilling, but drilling speed is less, and it is difficult to complete a well wheie oil or gas 
pressures are high; tools may be blown out. The well can be filled with water or mud, 
but drilling is then very slow. More strings of casing arc requiied, with much under- 
reaming. Cable-tools use less water, and wt of eiiuipment transported is less. Rotary 
METHOD, though drilling about 10% faster than cable-tools, is used almost exclusively in 
soft formations and for holes deeper than 4.500-5 000 ft. As mud fluid contiols high 
formation press, holes can be kept open for greater depths, and fewer stimgs of casing aie 
necessary. Improved methods of drilling and surveying make it possible to keep hole 
practically vert, or to deflect it in any desired direction Better coiing oiiuipment enables 
operator to detennine natuie of .strata, and avoids danger of dulling through pioductive 
sands. Rotary bits can drill hard rock in which cable-tool bits make little progress. 


8. CASING BOREHOLES AND OIL WELLS (27) 

Casing is used: to prevent walls of hole from caving, to shut off water fiom lunning 
into oil formations; to close off oil or gas-l:>earing stiata, m oidor to drill doepei , or jircvent 
migration of oil and gas to surface or into poious strata above the prodinurig hoii/on. 
In hard rock there is a little dangei of caving, but holes in .shales, sands and clays must bo 
cased. If water is struck, it is shut off by a “watei string” of casing, “landed” iii some 
suitable stratum below the water and above the oil horizon, and the space outside is sealed 
with cement. If caving or water-beaiing strata prevent cariying a single string of casing 
to bottom, several telescoping casings are ii.sed, fiorn the surface down. Through the 
final “oil-string” the oil flows to surface. To admit oil or gas, the oil string is perfoiatod, 
or a length of screened casing set at the producing stratum. A “liner” is a casing extend- 
ing from bottom of hole up to and past the lower end of nearest water-stimg, or the last 
cemented casing. It saves running a full oil-.stnng to the bottom ; the latter is preferable, 
but more expensive. For rotary drilling fewer casing strings are required than for cable- 
tool, because the mud fluid plasters and shuts off water-bearing or weak strata. When the 
position and thickness of the formations are known m advance, the casing program can 
be pre-determined. If possible, the oil-string should be not less than 5.75 or 0 ^/s-in diam, 
to insure sufficient space for the pump (Sec 44). 

Elinds of casing pipe. Conductor or surface pipe is the lining through surface soil. It 
may be about 25 ft of riveted No 8 gage, or ordinary stove pipe. Seamless slip-joint cas- 
ing (Table 11) has one end of each length belled out, to receive 5.5 to 6.75 in of straight 
casing to make the joint. 

Inserted-joint threaded casing is used for light press; for drive-pipe (Table 12), the 
threads are cut so the ends meet in middle of coupling, to take the driving blow. Flush- 
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Table 11. Seamless Slip-joint Casing (weights and dimensions are nominal) 


Size 

O D, 
in 

Wt per 
ft, lb 

plain ends 

Casing 

1 Joint 

1 

Test 
press, 
lb per 
sq in 

Price per ft, 
del’d near 
Los Angeles 

Thick- 

ness, 

in 

Internal 

diam, 

in 

Bell-end 

Length of 
male end 
insert, in 

Wall 

thickness, 

in 

Internal 

diam, 

in 

113/4 

52 56 

0 435 

10 880 

0 400 

11 875 

51/2 

1 400 

$3 30 

13 3/s 

45 97 

0 330 

12 715 

0 310 

13 500 

5 1/2 

950 

3 36 

14 1/2 

49 70 

0 325 

13 850 

0 306 

14 625 

51/2 

850 


16* 

63 50 

0 375 

15 250 

0 355 

16 125 

51/2 

900 

5 22 

16 

73 72 

0 4375 

15 125 

0 410 

16 125 

51/2 

1 000 

5 91 

18 5/8 

73 09 

0 375 

17 875 

0 356 

18 750 

6 

750 

6 72 

18 5/8* 

84 50 

0 435 

17 755 

0 413 

18 750 

6 

900 

7 53 

20* 

104 00 

0 500 

19 000 

0 473 

20 125 

6 3/8 

950 

10 08 

22 

101 00 

0 4375 

21 125 

0 417 

22 125 

6 3/4 

750 


22 

115 00 

0 500 

21 000 

0 474 

22 125 

6 3/4 

850 

11 18 


* Tentafn e API standards. On special order, casing has holes for tack-welding drilled in the 
bell Pernuasible variation in wt is IU‘ [ abo\e and below, minimum tensile strength, 80 000 lb 
per sq in, in random lengths of 3o-40 ft, unless otherwise ordered. 


joint pipe servos for driving in sand or gravel. Casing is for lining to any depth, when 
haid diiving is not requiied. A casing string of 250-500 ft is often set and cemented to 
form the suiface string, advi.sahle in deep wells to prevent blow-outs. Anchors (“blow- 
out preventers”) aie placed at top of ca.sing, to hold the well under control if necessary. 
To lessen the nuiiiber of casing sizes on the market, API Pipe Specifications list standard 
sizes (Table 15). Plain-end casing costs about 15% less than threaded, welded joints 
eliminate possible leakages and effic is higher, as welded joints need less clearance, inner 
stiings may be larger Py welding 2 40-ft joints outside, and then joining them at the 
hole, cost is 1 educed 5-12% below that of coupled casing (28). 

Examples of casing programs, (a) for depth of 3 150 ft set 15 5-in to 600 ft; 12 5-in to 
1 200 ft, 10-in to 1 800 ft. 8 ‘2.Vin to 2 400 ft, GVs-ui to 3 000 ft, 53/i6"m to 3 150 ft. (b) depth, 
8 500 ft 50 ft of 21-in, 600 ft of 16-in, 7 510 ft of OVs-m. 8 000 ft of 7-in, 500 ft of 5 75-m. 
(r) depth, 13 333 ft 60 ft of 26-in, 310 ft of l8 5/s-m, 3 250 ft of 6 640 ft of 7-in, 13 333 ft 

of 5-m hncr. {d) depth, 10 960 ft 90 ft of 20-in, 1 494 ft of 13 Vs-m, 10 950 ft of 5-xn. 

Table 12. Drive Pipe, Lap-weld and Seamless (weights and dimensions nominal) 


Size, 

in 

Wt per ft, lb 

Thick- 
ness, in 

Pipe diam, in 

Couplings 

Test press, lb 
per sq in 

Threaded, 
and with 
couplings 

Plain 

ends 

External 

Internal 

Length, 

in 

External 
diam, in 

Lap- 

weld 

Seamless 

2 

3 75 

3 65 

0 154 

2 375 

2 067 

3 5/8 

2 841 

1 900 

2 500 

21/2 

5 90 

5 79 

0 203 

2 875 

2 469 

4 1/8 

3 389 

1 2 100 

2 500 

3 

7 70 

7 57 

0 216 

3 500 

3 068 

4 Vs 

4.014 

1 900 

2 300 

31/2 

9 25 

9 10 

0 226 

4 000 

3 548 

4 5/8 

4 628 

1 700 

2 100 

4 

11 00 

10 79 

0 237 

4 500 

4 026 

4 5/8 

5 233 

I 600 

2 000 

5 

15 00 

14 61 

0 258 

5 563 

5 047 

5 Vs 

6 420 

1 400 

1 800 

6 

19 45 

18 97 

0 280 

6 625 

6 065 

5 1/8 

7 482 

1 300 

1 600 

8 1 

25 55 1 

24 69 

0 277 

8 625 

8 071 

6 1/8 

9 596 

950 

1 200 

8 1 

29 35 i 

28 55 

0 322 

8 625 

7 981 

6 1/S 

9 596 

1 100 

1 400 

8 

32 40 

31 27 

0 354 

8 625 

7 917 

6 1/8 

9 59b 

1 200 

1 600 

10 

32 75 

31 20 

0 279 

10 750 

10 192 i 

6 5/8 

11 958 

800 

1 000 

10 j 

35 75 

34 24 

0 307 

10 750 

10 136 

6 5/8 

11 958 

850 

1 100 

10 ‘ 

41 85 

40 48 

0 365 

10 750 

10 020 

6 5/8 

11 958 

1 000 

1 300 

12 j 

45 45 

43 77 

0 330 

12 750 

12 090 

6 5/s 

13 958 

600 

1 000 

12 

51 15 

49 56 

0 375 

12 750 

12 000 

6 5/s 

13.958 

900 

1 100 

14 0 P 

57 00 

54 56 

0 375 

14 000 

13 250 

7 Vs 

1 5 446 

800 

1 000 

15 0 I) 

61 15 

58 57 

0 375 

15 000 

14 250 

71/8 

16 446 

750 

950 

16 0 1) 

65 30 

62 57 

0 375 

16 000 

15 250 

7 l/s 

17 446 

700 

900 

180 I) 

81 20 

76 84 

•0 409 

18 000 

17 182 

71/8 

19 921 

700 

850 

20 O P 

90 00 

85 57 

0 409 

20 000 

19 182 

7 5/8 

21 706 

600 

800 


Perrmssihle variation in w't is 6 5% above and 3 5% below; made with threads and couplings, 
and random lengths unless otherwise ordered; wt per ft, including couplings, based on length of 
20 H; all sizes have 8 threads per in, except 2-m which has 11.5. 
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Table 13. API Casing Sizes (Short Coupling Lap-welded and Grade C and D 
Seamless and Electric Welded) (a) 


Size, 

OD, 

in 

Wt per ft 

Casing internal diam, in 

Couplings 

Test press, 

100 lb per sq m 

Length of string 
that may be run 
without collapse, 
lOO’s of ft 

Ultimate 

bursting 

press, 

100 lb per 
sq in 

Threads and couphngs 

Plain ends 

Threads per in 

Length, in 

External diain, in 

Lap-weld 

Grade C 

Grade D 

G 

a 

w'eld 

Grade 

O 

Grade 

Collapse ♦ 

Tension t 

Collapse * 

Tension J 

Collapse * 

+-*• 

o 

1 ^ 
a 

£h 

2 

a 

Grade C 

Grade D 

4 3/4 

16 

00 

15 

75 

4 

082 

i 

|]0 

6 5/3 

5 364 

21 

25 

28 

47 

39 

65 

62 

82 

76 

70 

105 

133 

4 3/4t 

16 

25 

15 

75 

4 

082 

10 

7 

5.650 

21 

23 

28 

47 

59 

65 

93 

82 

120 

70 

105 

133 

5 

13 

00 

12 

82 

4 

494 

10 

65/8 

5 491 

15 

19 

25 

30 

38 

41 

61 

52 

75 

50 

76 

96 

5 

15 

00 

14 

87 

4 

408 

10 

6 5/8 

5 491 

18 

23 

28 

37 

39 

51 

61 

65 

76 

59 

89 

112 

5 

18 

00 

17 

93 

4 

276 

10 

6 5/8 

5 491 

22 

25 

28 

49 

39 

67 

61 

85 

76 

72 

108 

137 

5 

21 

00 

20 

67 

4 

154 

10 

71/8 

5 800 

25 

25 

28 

59 

38 

82 

61 

103 

75 

84 

127 

160 

51/2 

17 

00 

16 

87 

4. 

892 

10 

71/8 

6.050 

i 17 

21 

28 

34 

38 

47 

60 

59 

75 

55 

83 

105 

51/2 

20 

00 

19 

81 

4 

778 

10 

71/8 

6 050 

1 20 

25 

28 

43 

38 

59 

60 

75 

74 

65 

98 

124 

53/4 

14 

00 

13 

55 

5 

290 

10 

71/2 

6 9/i6 

12 

15 

20 

21 

36 

28 

58 

36 

72 

40 

60 

76 

53/4 

17. 

.00 

16 

35 

5 

190 

10 

1 7 1/2 

6 9/16 

15 

19 

24 

28 

36 

39 

57 

49 

71 

48 

73 

92 

53/4 

19 

50 

19 

10 

5 

090 

10 

71/2 

6 9/ie 

17 

22 

28 

36 

37 

49 

58 

62 

72 

57 

86 

109 

53/4t 

20 

00 

19 

10 

5 

090 

10 

81/2 

: 63/4 

17 

22 

28 

36 

58 

49 

92 

62 

1 18 

57 

86 

109 

53/4 

i 22 

50 

21 

79 

4 

990 

10 

71/2 

6 9/16 

20 

25 

28 

43 

36 

60 

58 

75 

72 

66 

99 

125 

53/4t 

23 

00 

21 

79 

4 

990 

10 

81/0 

6 3/4 

20 

25 

28 

43 

58 

60 

91 

75 

117 

66 

99 

125 

6 

20. 

00 

19 

64 

5 

352 

10 

71/8 

6 765 

16 

21 

27 

33 

37 

45 

58 

57 

73 

54 

81 

102 

66/8 

20, 

00 

19. 

49 

6 

049 

10 

7 5/8 

7 390 

13 

17 

22 

24 

37 

33 

56 

41 

70 

43 

65 

82 

65/8 

22 

00 

21 

42 

5 

989 

10 

7 Vs 

7 390 

14 

18 

24 

27 

37 

38 

56 

48 

70 

48 

72 

91 

66/8 

24 

00 

23 

58 

5 

921 

10 

7 5/8 

7.390 

16 

20 

27 

32 

37 

44 

57 

56 

70 

53 

79 

101 

66/8 

26 

00 

25 

65 

5 

855 

10 

7 5/8 

7 390 

17 

22 

28 

36 

37 

50 

57 

63 

70 

58 

87 

no 

66/8 

28 

00 

27 

64 

5 

791 

10 

7 5/8 

7 390 

1 

24 

28 

40 

37 

56 

57 

71 

70 

63 

94 

119 

7 

20 

00 

19 

54 

6 

456 

10 

7 5/8 

7 656 

1 12 

15 

19 

20 

36 

27 

55 

34 

69 

39 

58 

74 

7 

22 

00 

21 

53 

6 

398 

10 

7 5/8 

7 656 

13 

16 

22 

23 

36 

32 

55 

41 

69 

43 

64 

81 

7 

24 

00 

23 

64 

6 

336 

10 

75/8 

7 656 

14 

18 

24 

27 

36 

37 

56 

47 

69 

47 

71 

90 

7 

26 

00 

25. 

66 

6 

276 

10 

7 5/8 

7 656 

16 

20 

26 

31 

37 

42 

56 

54 

69 

51 

77 

98 

7 

28 

00 

27 

73 

6 

214 

10 

7 5/8 

7 656 

17 

21 

28 

35 

37 

48 

56 

60 

69 

56 

84 

106 

7 

30 

00 

29 

71 

6 

154 

10 

7 5/8 

7 656 

18 

23 

28 

38 

37 

53 

56 

67 

69 

60 

90 

115 

7 

40 

00 

39. 

89 

5 

836 

10 

7 5/8 

7.656 

25 

25 

28 

58 

37 

80 

57 

101 

70 

83 

124 

158 

7 6/8 

26. 

40 

25 

56 

6 

969 

8 

81/8 

81/2 

13 

16 

22 

23 

35 

32 

54 

41 

67 

43 

64 

81 

7 6/8 

29 

70 

29 

03 

6 

875 

8 

81/8 

8 1/2 

15 

19 

25 

28 

36 

39 

54 

50 

67 

49 

73 

93 

7 6/8 

33 

70 

33 

04 

6 

765 

8 

' 81/8 

81/2 

17 

21 

28 

35 

36 

48 

55 

61 

68 

56 

84 

107 

8 

26 

00 

25 

22 

7. 

386 

10 

; 81/8 

8 888 

12 

15 

19 

19 

35 

26 

53 

34 

66 

38 

57 

73 

81/8 

28 

00 

26 

67 

7 

485 

10 

I 81/2 

9 3/32 

12 

15 

20 

20 

34 

28 

52 

35 

64 

39 

59 

75 

81/8 

32. 

00 

30 

64 

7 

385 

10 

! 81/2 

9 3/32 

14 

17 

23 

25 

34 

35 

52 

44 

65 

45 

68 

86 

81/8 

35 

50 

34 

56 

7 

285 

10 

1 81/2 

9 3/32 

16 

20 

26 

31 

34 

42 

53 

54 

66 

51 

77 

98 

81/8 

39. 

50 

38 

42 

7 

185 

10 

i 81/2 

9 3/32 

17 

22 

28 

36 

34 

50 

53 

63 

66 

58 

86 

no 

81/8 

40 

00 

38 

42 

7 

185 

10 

! 81/2 

9.300 

17 

22 

28 

36 

59 

50 

92 

63 

118 

58 

86 

no 

8 5/8 

28. 

00 

27 

01 

8 

017 

8 

81/8 

9.593 

11 

13 

18 

16 

33 

23 

51 

29 

64 

35 

53 

67 

86/8 

32 

00 

31 

10 

7 

921 

8 

81/8 

9.593 

12 

16 

; 20 

21 

34 

29 

51 

37 

65 

41 

61 

1 

86/8 

36 

00 

35 

13 

, 7 

825 

8 

81/8 

9.593 

14 

18 

23 

26 

34 

36 

52 

46 

65 

46 

69 

88 

85/8 

38. 

00 

37 

22 

7 

775 

8 

81/8 

9 593 

15 

1 

25 

29 

34 

40 

52 

50 

65 

49 

74 

93 

86/8 

43 

00 

42 

32 

7 

651 

8 

81/8 

9 593 

17 

1 21 

28 

35 

34 

48 

52 

61 

65 

56 

84 

107 

9 

I 34 

00 

32 

77 

8 

290 

8 

81/8 

10 010 

12 

1 *5 

20 

20 

33 

28 

50 

35 

63 

39 

59 

75 

9 

38 

00 

36 

91 

8. 

, 196 

8 

81/8 

10.010 

13 

17 

22 

25 

33 

34 

50 

43 

63 

44 

67 

85 

9 

40 

00 

38 

92 

8 

150 

8 

81/8 

10.010 

14 

18 

24 

27 

33 

37 

50 

47 

63 

47 

71 

89 

9 

45 

00 

44 

02 

8 

032 

8 

81/8 

10.010 

16 

20 

27 

32 

33 

45 

51 

57 

64 

53 

80 

102 

95/8 

36 

00 

34 

86 

8 

921 

8 

8 1/8 

10 6/8 

11 

14 

18 

18 

32 

24 

49 

31 

62 

36 

55 

69 

9 5/8 

40 

00 

38 

93 

8 

835 

8 

81/8 

10 5/8 

12 

16 

21 

21 

32 

30 

50 

38 

62 

41 

61 

78 

9 6/8 

43 

50 

42 

69 

8 

755 

8 

81/8 

10 6/8 

14 

17 

23 

25 

32 

35 

50 

44 

63 

45 

68 

86 

10 

33 

00 

31 

88 

9 

.384 

8 

81/8 

11.002 

9 

12 

15 

13 

31 

17 

48 

22 

61 

31 

46 

58 

103/4 

40 

50 

38 

.87 

10 

.050 

8 

81/2 

113/4 

10 

12 

16 

14 

30 

20 

46 

25 

58 

32 

49 

62 

103/4 

45 

50 

44 

21 

9 

.950 

8 

81/2 

113/4 

It 

14 

19 

18 

31 

25 

47 

32 

i 59 

37 

56 

70 

108/4 

51 

00 

49 

.50 

9 

.850 

8 

81/2 

113/4 

13 

16 

21 

22 

31 

31 

47 

39 

58 

42 

: 63 

79 

103/4 

55 

50 

54 

.21 

9 

.760 

8 

8 1/2 

113/4 

14 

18 

23 

26 

31 

36 

47 

45 

59 

46 

. 69 

87 
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Table 13. API Casing Sizes (Short Coupling Lap-welded and Grade C and D 
Seamless and Electric Welded) (a) — Continued 


Size, 

0 D, 
m 

Wt per ft 

Casing internal diam, in 

Couplings 

Test press, 

100 lb per sq in 

Length of string 
that may be run 
without collapse, 
lOO’s of ft 

Ultimate 

bursting 

press, 

1 00 lb per 
sq in 

Threads and couplings 

Plain ends 

Threads per m 

Length, in 

External diam, in 

Lap-weld 

Grade C 

Grade D 

01 

weld 

Grade 

C 

Grade 

D 

Collapse * 

•M- 

a 

0 

1 

a> 

H 

Collapse * 

Tension t 

Collapse ♦ 

Tension % 

Lap- weld 

Grade C 

Grade D 

n3/4 

47 00 

45 

55 

1 1 . 000 

8 

81/8 

12 866 

9 1/2 

12 

16 

14 

29 

19 

45 

24 

56 

32 

48 

60 

113/4 

54 00 

52 

56 

10 880 

8 

8 1/8 

12 866 

11 

14 

19 

18 

29 

25 

45 

32 

56 

37 

55 

70 

113/4 

60 00 

58 

81 

10.772 

8 

8 1/8 

12 866 

12 

16 

21 

22 

29 

30 

45 

38 

57 

41 

62 

79 

12 

40 00 

38 

46 

11 384 

8 

8 Vs 

13. 116 

71/2 

10 

13 

8 

28 

1 1 

43 

14 

54 

25 

38 

48 

13 

40 00 

38 

17 

12 438 

8 

8 1/8 

14 116 

6 1/2 

8 

II 

5 

27 

7 

41 

9 

52 

21 

32 

41 

13 

45 00 

43 

33 

12 360 

8 

81/8 

14. 1 16 

71/2 

91/2 

12 

7 

27 

10 

42 

13 

52 

24 

37 

46 

13 

50 00 

48 

46 

12.282 

8 

81/8 

14 116 

81/2 

to 

14 

10 

27 

14 

42 

17 

52 

27 

41 

52 

13 

54 00 

52 

52 

12.220 

8 

81/8 

14 116 

9 

11 

15 

12 

27 

16 

42 

21 

53 

30 

45 

57 

13 3/8 

48 00 

45 

97 

12 715 

8 

9 

14 3/8 

71/2 

91/2 

12 

7 

26 

10 

40 

13 

51 

24 

37 

47 

13 3/8 

54 50 

52 

73 

12 615 

8 

9 

14 3/8 

81/2 

11 

14 

10 

26 

15 

41 

19 

51 

28 

42 

54 

13 3/8 

61 00 

59 

44 

12 515 

8 

9 

14 3/8 

91/2 

12 

16 

14 

27 

19 

41 

24 

51 

32 

48 

61 

13 3/8 

68 00 

66 

10 

12.415 

8 

9 

14 3/8 

n 

14 

18 

17 

26 

24 

4) 

30 

51 

36 

54 

68 

M 

50 00 

47 

89 

13 344 

8 

91/8 

15 151 

7 

9 

12 

6 

25 

9 

39 

11 

51 

23 

35 

44 

16 

55 00 

52 

35 

15 375 

8 

9 

17 

6 

71/2 

10 

3 

24 

5 

37 

6 

48 

19 

29 

37 

16 

65 00 

62 

57 

15 250 

8 

9 

17 

7 

9 

12 

6 

24 

9 

38 

11 

48 

23 

35 

44 

16 

75 00 

72 

71 

15. 125 

8 

9 

17 

8 

10 

14 

10 

24 

13 

38 

17 

49 

27 

41 

52 

16 

84 00 

81 

96 

15 010 

8 

9 

17 

9 

12 

15 

13 

24 

18 

38 

22 

49 

31 

46 

49 

18 5/3 

78 00 

75 

00 

17 855 

8 

9 

19 3/4 

6 

8 

10 

4 

23 

6 

37 

7 

47 

20 

31 

39 

18 5/3 

87 50 

84 

50 

17 755 

8 

9 

19 3/4 

7 

9 

12 

6 

23 

9 

37 

11 

47 

23 

35 

44 

18 5/8 

96 50 

93 

96 

17.655 

8 

9 

19 3/4 

8 

10 

13 

8 

24 

12 

37 

15 

48 

26 

39 

49 

20 

90 00 

84 

75 

19. 190 

8 

101/8 

219/16 

6 

71/2 

10 

4 

22 

5 

35 

7 

45 

20 

30 

38 

21 1/2 

92 50 

89 

03 

20 710 

8 

9 

22 Vs 

51/2 

7 

9 

3 

23 

4 

36 

5 

46 

18 

27 

35 

21 1/2 

103 00 

too 

06 

20 610 

8 

9 

22 5/8 

0 

8 

10 

4 

23 

6 

36 

7 

47 

20 

31 

39 

21 1/2 

114 00 

1 i 1 

04 

20 510 

8 

9 

22 5/8 

7 

9 

12 

6 

23 

8 

36 

10 

47 

23 

34 

43 

24 1/2 

100 50 

96 

62 

23.750 

8 

9 

25 5/8 

4 1/2 

6 

71/2 

2 

21 

2 

34 

3 

44 

15 

23 

29 

24 1/2 

113 00 

109 

27 

23 650 

8 

9 

23 5/8 

5 

61/2 

8 1/2 

2 

22 

3 

34 

4 

44 

17 

26 

33 


(a) All weiuhts and dimensions nominal. Permissible variation in wt for any length of casing, 
6 5' ^ aho^e, 3 below, cuiload not more than 1 below nominal, t API External 

upset casing, external diam and length (in) of upset are for 4 3/4-1 n casing, 5 and 4 &/8 reapiec- 
tively, foi 53/4-111 casing, 0 and 53/3. for 8 l/s-in casing, 88/3 and 58/3. *As salt water is almost 
always encountered, length of string is based upon 2 ft of water column per lb of collapsing press; 
for length of string for fresh water, multiply by 1 155, safety factor in Table, 2 t Safety factor, 2.5. 
Note' wt per ft with threads and couplings is based on 20-ft length, including coupling. Taper of 
threads on 10-thread pipe, 3/3-in diam per ft of length, 8-thrcad pipe, 0 75-in. 

Drill pipe (Table 14), smaller and heavier than casing, must be strong enough to trans- 
mit engine torque from suiface to the bit. 


Table 14. API Special Alloy Seamless Upset Drill Pipe, Grade D 

(mm tensile strength, 95 000 lb) 


Size. 

0 1), 

in 

W t 

per ft, 
lb 

Price per 

100 ft* 

Size, 

OD, 

lU 

! Wt 
per ft, 
ib 

Price per 

100 ft* 

With threads 
and couplings 

With 

threads only 

With threads 
and couplings 

With 

threads only 

2 3/s 

4 80 

$ 35 68 

$34 94 

41/2 

16 60 

$123 38 

$120 82 

2 3/s 

6 65 

50 88 

49 81 

5 V16 

19 00 

141 49 

138 55 

2 7/8 

6 45 

49 32 

48 29 

5 9/16 

22 20 

167 26 

163 78 

2 7/8 

8 35 

62 18 

60 88 

5 9/16 

25 25 

188 78 

184 86 

2 7/8 

10 40 

77 83 

76 21 

6 Vs 

22 20 

167 26 

163 78 

31/2 

8 50 

64 96 

63 60 

6 5/3 

25 20 

188 77 

184 85 

31/2 

11 20 

85 76 

83 97 

6 5/8 

31 90 

237 82 I 

232 88 

31/2 

13 30 

99 67 

97 60 

7 6/8 

29 25 

227 69 

222 92 

41/2 

12 75 

94 53 

92 56 

8 6/8 

40 00 

328 66 

321.71 

4 1/2 

13 75 

102 03 

99 91 

8 5/8 

46 50 

381 36 

373.30 


Fob C'ahf R R terminals, mm carload, 60 000 lb. 
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BORING 


Results in the 15 004-ft Continental Oil Co’s well indicate that, in drilling to great 

depths, even slight deviation would cause 
failure of the pipe from friction against the 
walls ; ‘ ‘ protection ’ ’ casing eliminates friction. 
Special alloy steel pipe (yield point, 100 000- 
120 000 lb per sq in) is stronger than API 
Grade D, and would therefore extend drilling 
limit. 

Tubing, 1.5-4 in diam, is hung in well at 
completion for the flowing oil (Sec 44). It 
prolongs the flowing life of a well by creating 
back press from friction; frequently reduces 
the gas-oil ratio; and is ready when pumping 
begins. By control valves (flow “ beams ”) at 
the surface, oil is flowed through tubing, or 
through both tubing and space between it and 
casing. Fig 25 shows how one well can be 
made to produce from 3 different zones; lower 
terminal zone, through tubing; upper terminal, 
through space betAveen tubing and 5-m flow 
string; “ranger” zone is cemented off, but 
would produce through space between 5-in and 
8 5/8-in strings on scaling this space below the 
ranger and perforating the 8 ^/g-in line at that 
zone. Mechanical perforators can be used, or 
the recent “gun-perforator” (29). The latter 
is a steel cylinder, containing 10-12 short 
45-caliber gun barrels; it is lowered inside the 
casing, and shots fired by elec contiol, by 
reloading, 180 holes have been made at 3 200 ft 
depth in 7 hr, and 1 431 holes at av'er depth 
of 8 000 ft in 73 hr; holes can be placed 6 in 
apart in a spiral. 

Handling casing. Each string has a steel 
shoe (Fig 26), of slightly larger diam than the 
casing. Shoe may be serrated, for cutting 
Fig 25. Multiple Zone Production (Oii lFceA:h/) through small obstructions, but this is not 

desirable where casing is to seat tightly on 
solid formation, for shutting off water. To drive ca.sing, clamps are bolted on the squared 
end of drill stem, and by operating the drilling tools as in spudding (Art 6), the clamps 




Fig 26. Driving Shoe Fig 27. Driving Heads Fig 28. Casing-pipe Ring 


strike the casing drive-head (Fig 27). Hard driving may dofonn or telescope casing, it 
is safer to drive by a rod or casing spear, set inside near the bottom, and sti iking this 
with the jars. 


Table 15. Commercial Lengths (ft) of Casing, Drill-pipe and Tubing 


Casing (a) 

Drill-pipe (6) 

Tubing (b, c) 

Aver 

Range 

Not over 5% 
of carload 

Aver 

Range 

Not over 5% 
of carload 

Aver 

Range 

Not over 5% 
of carload 

20 

18-22 

18-20 

20 

18-22 

18-20 

21 

20-24 

18-20 

30 

25-32 


281/2 

27-30 

26-27 

30 

28-32 


34 

over 32 









(a) Jointers not over 5% of carload. (6) No jointers shipped, (c) Max variation iii any 

oarload, 2 ft. 
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For lifting casing a clamp and elevator are used. Fig 29 shows a heavy damp, with 
slips for gripping flush-joint casing. Two steel links pass through the elevator eyes and 
hang from the hook under the traveling block. On lowering into the hole, casing is held, 
while elevator is being released, by slips dropped into the pipe ring (Fig 28), resting on 



Fig 29. Ideal Door Grip Tubing Elevator 


top of conductor pipe. I^'hon wt of a long casing string becomes great, the pull on the 
derrick can be lessened by “floating” the casing. A plug, screwed on lower end, buoys the 
string in the mud fluid. Fig 30 shows a plug that serves to guide the casing, and aids in 
floating it by a ball valve excluding outside fluid, and through which cement can later be 
puniixxl down for cementing casing in place. 

Casing troubles include collapsing, telescoping, freezing, parting and splitting (30). If casing 
pipe IS dented or partly collap^-ed, sN^ages are driven by the jars down and back past the injured 
place. This may so weaken the pipe that an inner string of 
casing IS necessary. If casing parts, it may be reco\ered, by a 
bulldog spear, trip spear, bell socket, or an overshot, for details 
of these and other casing fishing tools see makers’ catalogs. 

If casing IS so damaged that it cannot be recovered, it may 
be drilled past (sidetracked), if ground is soft and caving, 
sidetracking in hard ground is difficult. Drilling on the dam- 
aged casing, with the regular string of tools, is continued until it / 

IS sutliciently displaced to insert a new string, which must usu- Z 
ally make a slight bend to get by. “Frozen” casing, or if ^ 
collar-bound by loose matciial, can generally be freed by raising 
and lowering it 13-20 ft a few* tunes, or, bailing out may cause 
enough hydrastatio pressure outside the casing to clear away 
obstructing material. If hole is too small, casing should be 
pulled above the tight place and the hole reamed Heavy 
pulling on fiozen casing may wreck the derrick, jairing may be 
more effective. A stiong pull can be exerted by screw or 
hydraulic jacks on the surface, while the casing is vibrated by a 
speai and fishing jars. A casing cutter or splitter can be used i 
to cut off casing at a desired point, or to split fiozen casing for ^ 
pulling it more easilj'. In rotary drilling, rotary jars give the 
same effect as jarring with cable-tools. p 

o 

Strength of casing. Resistance of lap-welded pipe is v 
given by Stewart’s formulas (National Tube Co): P — 

50 210 000 {t -T- and P » 86 670 (< -i- d) — 1 386, where Bakellto ball 

P « collapsing press, lb per sq in; d =■ outer diam, in; valve and seat 

t » thickness, in. First formula is for values of P less Fig 30. Baker Cement Float 
than 580 lb, or f -r- d loss thah 0.023; second formula, for Shoe 

greater values. Allowable hydrostatic press on casing 

P « 2Si/d, where P is in lb per sq in, t is thickness of pipe wall, in; d is outside diam, 
in; and *S, allowable fiber stress (14 000-16 000 lb per sq in for lap-welded steel. Grade 
A seamless; 18 000-20 000 lb for Grades B and C; 24 000-26 000 for Grade D ; 12 500- 
14 000 lb for iron). Bursting press is computed by same formula, replacing S by tensile 
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strength: 48 000 lb per eq in for Grade A, 70 000 for Grade B, 75 000 for Grade C, 95 000 
for Grade D, 42 000 for WI. 


9. MEASURING DEPTH OF WELL (31) 

For deep wells the only practical method is to measure the drill pipe used; each length 
separately, or in stands of 3 or 4 lengths, as stacked in the derrick. Accuracy requires 
corrections: (a) for the slight bending of pipe lengths as they stand off the vertical; 
(6) for expansion due to increase in temp (bottom temp of the Continental 15 004-ft well 
was 300° F). Temp of circulating mud is a little less than bottom temp. Amount of 
expansion is L = Lo (1 -h 0.0000069 i), where Lo is length in ft at atmos temp, and L is 

length due to F. Drill pipe 
suspended in the well stretches 
from its own wt, but salt water or 
mud fluid lessens stretch (Fig 31). 
Under field conditions, multiply 
results from Fig 31 by 0.660, as 
pipe friction absorbs about 1/3 of 
wt. 

Measurement is best made 
from top of collar on ujiper end of 
a length down to a centerpunch 
mark close to threads on lower 
end. After screwing on a length, 
the distance from the mark to top 
of collar below is added to pre- 
vious measurement. For cable- 
tools, measurement may be made 
by a weighted mine rope, but the 
method is subject to errors, due to 
stretch and slippage on the reel. 
By using a counting mechanism as 
a rough check, and placing on the rope calibrated marks at 100-ft intervals, it is possible 
to reach an accuracy of 1 in 5 000, provided the rope is periodically recalibrated , it 
should not be reeled up faster than 1 ft per second; cuttings or caved material may 
prevent the weight from reaching bottom (31). 
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Fig 31. Stretch of Casing, Tubing, or Drill Pipe m Uni- 
form Strings, freely Suspended in Various Flotants, with- 
out Float Plug {Oil Weekly) 


10* CEMENTING CASING (33) 

Chief objectives: to prevent oil or gas from pa.ssmg up and water from going down 
outside casing; to strengthen casing against collapse by outside press, to exclude corrosive 
water from contact with casing; to reduce gas-oil ratio; and to strengthen leaky casing. 
Cement must be thin enough to be readily pumped. To provide space for cement in a 
cable-tool hole, diam of which is a little greater than the casing couplings, the hole above 
the casing seat is under-reamed. Rotary holes are usually enough larger than casing, but 
all solids back of casing must be removed, as a thin skin of cement may bo cracked (33-35). 

Dump-bailer method. A large special bailer lowers the cement into the hole, the casing being 
first lifted 20-40 ft off the bottom, and kept above the level of the cement. For a dry hole, or 
when it will not stand full of fluid, 20-40 sacks of cement may be placed first, and the casing lowered 
into it without a plug. The usual practice is to place the cement, and fill casing and hole with water ; 
then put a tight cap on casing and lower it, thus forcing the cement up belnnd the casing. The 
same result is obtained by putting a cement plug in the casing shoe, but this is unsatisfactory for 
large quantities of cement, or if there is a high-pressure flow of gas, oil, or water. Tubing method. 
Cement is pumped through 2- or 3-in tubing, reaching to within a few ft of bottom of hole, circula- 
tion being first established to insure that the cement will rise freely outside the casing. It is pre- 
vented from rising inside by packing or a plug, closing the space between bottom of tubing and 
casing, or, without a plug, the casing is tightly capped and filled with water. After placing the 
cement, the tubing is flushed out by pumping down water, which returns inside of casing. Water 
should be kept in the casing until the cement has set. This method requires considerable time for 
handling the tubing, but, any desired amount of cement can be left in the casing, there is less danger 
of caving in cable-tool holes due to the smaller volume of wash water, and cement can be placed 
under a high pressure. Casing methods. Cement is pumped through the casing, with or, without 
plugs between the cement and the fluid above and below. Without plugs, the water pumped on 
top of t^e cement must be measured, so that the exact position of the cement left inside the casing 
will be known. The two-pluq or Perkins method is usual. One plug is long enough to reach 
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up into the casing from bottom of hole, but is tapering at the top, so cement can pass between it 
and the casing. The other plug, set with a tight gasket on top of the cement, is then forced down 
by pumping until it strikes a spacer, a stick of soft wood 5-25 ft long, standing on lower plug; 
amount of cement left inside the casing is thus adjusted. Position of 
top plug can be checked at any time by the amount of water pumped 
in. This method is simple, effective, and adapted to both cable-tool 
and rotary holes. One plug only, placed above the cement, may be 
used. A shoe guide stops it at the lower end of casing, or the plug 
is long enough to touch bottom, while its upper end is still inside the 
casing. Anothei device is the Baker float collar, placed between 
two casing lengths; if placed on top of the last length, a ball closing 
against a seat shuts out mud, and so floats the casing into place. As 
cement is pumped down, the ball drops, letting the cement pass. 

Cement and collar are drilled out after cement has set Multiple- 
stage CEMENTING (Halliburton Oil-well Cementing Co) is another 
method for large-scale work. 

Formation-testing permits testing for production without 
the expense and work of setting casing, or testing cementing 
for leakage. Fig 32 shows the Johnston tester. Body of 
tester is above the packer, and the “anchor,” a short length of 
perforated pipe, extends below. Main hole is topped above the 
formation to be tested, and a smaller hole with a reamed tapered 
shoulder is drilled with a cote-dnll. The well is filled with 
mud fluid and tester is run in on an empty drill pipe. When 
the packer is seated, it seals the hole below. The fluid below 
runs through a valve into tester and up into the drill pipe. 

The formation is thus relieved of wt of the mud column and 
is practically under atmos pi ess, whence gas or oil will flow 
into anchor under its own press. After about 1/2 hr a valve is 
closed to retain sample in tester and latter is withdrawn after 
release by equalizing the press above and below. 


11. SAMPLING BOREHOLES (see also Sec 10) 

In cable-tool holes, sampling is done with the bailer, which 
brings up a sludge containing some unpulveiized mateiial. The 
sample is stii red and washed for settling the coarser particles, 
from which the nature of the strata is determined. 

In rotary drilling sampling is more difficult. The circulat- 
ing mud brings up the cuttings, which, if coarse, are generally 
caught by vibrating scieen or improvised baffles or riffles m the 
ditch or laundei through which the mud flows. 

A faiily accurate sample is obtainable by stopping drilling, leaving the bit on bottom 
and pumping mud through drill pipe to clean out cuttings. The first cuttings showing 
in the mud come from last stratum drilled. As this procedure requires several hours in 
deep holes, it is not often used. Time required for cuttings to be brought to surface 

by the circulating mud may be computed (37) by the formula: X = ; , where: 

N «= minutes for cuttings to rise from bottom to surface, D = depth of hole, in; =» 
radius of hole, m; r » outer radius of drill pipe, in; x — radius of pump cyl, m; y = 
stroke of pump, m; z = number of strokes per mm; E = effle of pump, usually 60%. 
Also, iiaint or dyes may be placed in the mud and time noted for reappearance at the 
surface 

Accuracy of samples. As drilling news, whether cable or rotary, generally try to 
make speed, samples may bo far from accurate. At best, pulverized material is hard to 
identify, and is fioquently contaminated by particles from up])er part of hole. As the 
plastering of a rotary hole with mud tends to seal up the oil sands, productive sands have 
been drilled through unrecognized. ( ’abh^lrillod holes also have passed through an 
unrecognized oil sand. The need for more accurate samples has caused rapid improvement 
in core sampling. 

Core samples are usually taken of each stratum drilled to determine porosity, perme- 
ability, and water-oil ratio. In rotary coring, the bit is attached to the drill pipe; for 
cable-tools, the core bit and barrel replace the regular bit, and are operated similarly. 
The holes are 3.75 to 9.75-m; cores, 1.25 to 3-in. Rotary core drills comprise those with 
the usual inner and outer tubes, and the retractable type. In the first, the inner barrel 
rotates with the drill pipe, or may be non-rotating. The latter gives a higher core recovery , 



Fig 32. Johnston Forma- 
tion Tester 
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especially in softer formations, cutting cores up to 5.5-in or larger. The retractable type 
cuts cores of 1.25-2.5 in. The outer barrel carries a bit cutting a full-sized hole, but has 
a central opening into which the cutting head can project for taking core. For coring, 
the barrel is dropped into the drill pipe from the suifaco, and automatically locks itself 
on the bit. When core has been cut, an “overshot” (Fig 33c) is lowered on a wire line to 
retrieve the core drill, thus saving the time of making a round trip with drill pipe. About 
1 mm per 500-1 000 ft is allowed for the barrel to drop through the drilling mud ; retrieving 
speed, 300 ft per min. In soft formations, a mam bit may drill several hundred ft, and 
the retractable core drill be used for all or any part of the distance, without raising the 
drill pipe. This corer has saved 35 round trips of the drill pipe, in coring 750 ft. Coring 
speeds are usually 50-75 rpm, ranging from 25 to 110. Fig 33(a) shows Elliott cable-tool 
core drill, in which A is upper sub, B adjustable weight, C spring, D valve, B and F outer 
and inner barrels, and G bit. Fig 33(5) is Elliott wire-line retractable rotary core drill, 
and (c) is overshot assembly for retrieving the inner assembly after core has been taken. 
Drilling assembly (d) is to replace inner barrel in (b) when no cores are taken, (e) is 
Reed core drill with hard-rock bit; (/) same bit with reamer; (g) Hughes' core bit for 
soft rock, (h) is core-barrel plug, fastened in lower end of core barrel with light rivets, 
which shear off when iilug strikes bottom of well, the plug rising to top of core barrel and 
making way for incoming core. 

In general, the smaller the core diam, the poorer the recovery, but small diam is neces- 
sary at great depths. Most difficult to core are conglomerates and shales, as they break 
up and we<lge in the barrel. In Okla City field, about 50% of length cored i.s recov'ered, 
when larger than 2-iu diam. Length of core has only slight effect on percentage recovery 
(3<S). Under favorable conditions, nearly 100% core recovery is possible. Recoveries in 
deep Calif well were: 428.5 ft of core represented by 78.7% recovery; 30 ft of core, 68.1%; 
137 ft, 59.1%; 6 ft, 23.1%; 40.5 ft, 88.1%. For costs of coring, see Table 16, 17. 

Table 16. Cost of Cable-tool, Coring, Bradford* Table 17. Cost of Rotary-drUl 
Allegheny Field (L. G. E. Bignell) Coring, Northern Louisiana (22) 


Name of 
oil Band 

It 

cored 

Time, 

days 

Recon- 
ditioning 
bits and 
shoes 

Rent 
of core- 
barrel, 
and 
labor 

Cost 
per ft 
of core 

Bradford . . 

38 

3 

$ 84 

$130 

$5 63 

Chipmonk. 

35 

3 

72 

130 

5 77 

Bradford 

90 

4 

130 

160 

3 22 

Rich burg . . 

17 

1 

54 

1 10 

9 64 

Trenton 

34 

5 

95 

150 

7 20 

Kano 

54 

3 

75 

155 

4 26 

Clarendon 

28 i 

3 

90 

130 

7 86 

Haskell.... 

45 

4 

110 

140 

5 55 


341 



Vvoragc 

$5 32 


Performance 

Dnlhng depth, ft 4 560-6 087 

Number of cores 

... 35 

Total ft of core 

... 316 

Total ft recovered 

... 234 

Aver percent recovery. . 

... 74 

Aver length of core, ft. . 

7 

Costs: 

3 1 cores at $ 17 50. . . . . . 

$542 50 

33 cutter heads at $5... 

165 00 

3 core catchers at $3. , . 

9 00 

Total 

$716 50 

Aver cost per core 

20 47 

Aver cost per ft ... . 

2 26 


12. CONTROLLED DIRECTIONAL DRILLING 

A hole may be drilled veitically, or deflected as desired. Wells are deflected if an oil 
deposit is uiKler a navigable stream, valuable building site, a restricted aiea, or where 
topography is precipitous; or a well ma 3 '’ bo on the downthrow of a fault, making it 
desirable to direct the hole across the fault into the oil sand, on the upthrow side. The 
rig H then sot in a convenient location, and the hole deflected as desired. 

Directional drilling is done by tools that will produce a curved hole, the position of the 
bottom being ('hocked at inteivals by surveys (Art 24). The tools most used are the 
following. Ea.stman “re.movaule whipstock” (Fig 34) is a chrome-steel casting, 
5.5-13.5 in diam and 9.5- 12 ft long, with a w’cdge-like point to prevent turning after being 
set in place, and a tapered deflecting groove along one side. .V collar at top, loose around 
the drill pipe but too small to jiass the bit, permits retraction when the bit is withdrawn. 
If, after the whipstock has been removed, the deflection cannot he increased by con- 
trolling weight and using special bits, additional whipstocks are set, say 50-80 ft apart. 
Lane Wells “knuckle joint” (Fig 35) is attached to lower end of drill pipe. By a 
universal joint, spring-actuated cam and a square shoulder, a diamond-pointed bit is held 
at an angle (about 5°) to axis of hole. The bit is spudded at first, the universal joint 
permitting the knuckle joint to take the new direction. After drilling say 20 ft, the 
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knuckle joint is replaced by a regular bit, and the flexible drill pipe readily takes the bend. 
Finally the hole is reamed to full size. Kinsbach “casing whipstock" (Fig 36), con- 
taining deflecting wedge and locking device, is bolted to drill stem, lowered 
to desired depth, and oriented. By raising slowly, the locking device is 
tripped; and by applying weight, bolt is sheared, releasing drill stem. A 
milling tool is then attached, for cutting a hole through the casing, thus 
deflecting the well. For an uncased well, Eastman hydraulic bridger 
(Fig 37) is attached to drill pipe with arms folded, and lowered to depth, 
then maneuvered until arms spread outward into sides of hole, locking the 
device in place. A wedge or whipstock is then set on the bridger to cause 
deflection. 

Hail-Rowe method of deflecting boreholes (59), as applied to diamond 
drilling (Fig 38). A dry wooden plug A, grooved to admit water, is pushed 
down the hole with the rods to the desired point of deflection, and is allowed 
to swell. Clinometer B, with drive wedge C attached by copper rivets as 
shown, is scribed with a reference line in known relation to position of wedge, 
and contains a glass tube partly filled with dilute HFl, snugly fitted inside. 

The assembly is lowered to within a few inches of plug A and then dropped 
freely, thus shearing the rivets and driving wedge C into the plug. The 
clinometer is allowed to set for 1/2 hr, then pulled up, leaving the drive wedge 
behind. Etched portion of glass tube (see Art 24) shows position of liquid 
surface of HFl when in hole, and this, in relation to reference line, shows orien- 
tation of drive wedge C after placement, also showing dip of hole. “Deflect- 
ing wedge" D has a groove of EX diamond bit size (Table 32), cut at a 
slight angle to axis of wedge and scribed along its center line for orienting. 

A “pilot wedge" E is screwed to lower end of D and set so that its flat side 
will fit that of the drive wedge C when D is properly oriented. For attach- 
ment to drill rod, a special coupling F is fixed by copper rivet to the ring at 
top of deflecting wedge D, which is thus lowered into the hole until pilot 
wedge E rests on drive wedge C. On being rotated until their flat faces 
coincide, the pilot wedge drops 2 in into place, orienting D. Shearing the 
copper rivet in coupling F drops the rods 1.5 in farther, but stretch in the 
rods must be taken into account, amounting at 1 500 ft depth to about 2.5 
in. Rods are now withdrawn, the ring at 
top of D is reamed off with a rose bit, and a 
deflected hole drilled along the groove with 
EX bit and core barrel to a point 3 or 4 ft 
below D, The hole and the wedge D itself 
are then reamed out with an AX pilot dia- 
mond reaming bit, and regular drilling re- 
sumed. It requires about 5 shifts to com- 
plete one wedging operation properly; aver 
correction per wedge, about 1.5°. 



Fig 34. Eastman Removable 
Whipstock 


Fig 35. Lane Wells Fig. 36 Kinsbach 

Knuckle Joint Casing Whipstock 
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By using stiff or flexible drill-pipe collars, special bits (Fig 39), or reamers, different speeds of 
rotation, and varying wt on bit, the degree of deflection can be controlled. A vert hole is difficult 
to control, as it tends to corkscrew. A drift (deflection) angle of about 6° is most desirable, though 
it may be as much as 15®. Total deflection may be 50-60® from the vert. Hardness and dip of 
strata have an important effect on deflection (38, 39) Cost of directional tools and supervision 
have averaged about $1 000 per well. Assuming $1 200 for extra rig time, the total cost would be 
say |2 200 for deflecting a 3 600-ft hole. In one case, a 3 600-ft hole was deflected nearly 700 ft 



Fig 37. Ea.stman Fig 38. Hall-Rowe Wedging Device (Canadian Inst Min & 

Hydraulic Bndger Metallurgy) 


horizontally, missing its objective by only 8 ft A high degree of accuracy is attainable by drilling 
slouly and making frequent 8ur^eys. Most directional dulling and surveying equipment is owned 
by firms specializing in the A\ork, or equipment may be rented by oil companies. There is a saving 
in both time and cost by starting directional drilling at the proper point, rather than attempting 
to drill a perfectly directed hole fiom top to bottom. 

13. COST OF OIL-WELL DRILLING 

As no standardized form of accounting is followed, data on costt may be confusing. 
Actual drilling time varies gieatly in different fields, depending upon local conditions and 
prcviou.s experience of the operator. Hence, aver figures should be used only as a general 
guide. Costs may be segregated as follows: 1, rig and equipment; 2, pipe and fittings; 
3, casing and “cellar” connections; 4, production equipment, 5, construction labor; 
6, dulling labor; 7, contract labor; 8, water, supplies and rig repairs; 9, fuel and power; 
10, circulating fluids; 11, trucking; 12, outside and company rentals; 13, repairs; 
14, indirect charges; 15, supervision. 

Examples. In KM A field, Tex, where the sands are productive from 400 to 1 700 ft, a well 
can be drilled and “ put on pump ” for $2 000. Recent deep drilling disclosed new oil sands at 
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about 3 700 ft; wella drilled with rotary to 3 650 ft, and completed with cable tools; time, 30 days 
per well, which may be lessened as drillers become familiar with field. Flowing wells reach stage 
of delivering to tanks for about $25 000, of which $12 000 is for contractors, and $13 000 for piping, 
separators and tanks. 

In Calif the following figures are for aver conditions wells of 4 000-4 500 ft, completed in 
18-25 days, cost, $35 000, 5 000-6 000, 30 days, $45 000; 7 000-7 500, 35-40 days, $60 000-$65 000, 
8 000, 55-60 days, $75 000-$90 000, 10 000-11 500, 7.5-90 days, $150 000-$170 000. A rig costing 
about $100 000 should drill 5 wella. Cost of rig and casing, about 1/3 of total, drilling tools, I/3; 
drilling and supervision, about l/s- For depths of 5 000 or 6 000 ft, directional drilling costa from 
$2 000 for good conditions to $10 000 for bad, surveying, $350- $500. 



Fig 39. Special Bits for Directional Drilling 


In Penn, rotary drilling to 7 500 ft, direct costs were $7 66 per ft, indirect costa, $3.16; total, 
$10 82 per ft. Ihis is $724.62 per day elapsed time, or $805 21 per operating day. Cost of bits 
and parts, $2.32 per ft, payroll, $1 81; freight, etc, $0 62, drill stem deprec, $1 37. Gross cost of 
other wella, drilled 1937-38* cable-tool well, 7 050 ft, in Washington Co, $1 19 000, or $21 13 per ft, 
rotary well, 7 502 ft, in Westmoreland Co, $01 371, or $12 58 per ft, rotary v\ell, 6 454 ft. Potter Co, 
$7.78 for drilling and $1.63 for casing; total, $9.31 per ft. 


Table 18. Approx Costs of California Oil Wells 


Field 

Av depth, 
ft 

Av cost 
per ft 

Field 

Av depth, 
ft 

Av cost 
per ft 

Huntington Beach . . 

4 350 

$13 

Kern River 

2 800 

$13 

Kettleman. . 

8 800 

22 

Lost Hills 

1 500 

12 

Stockton 

5 360 

13 

Mountain View 

5 300 

15 

Greeley 

7 800 

13 

Semi-Tropic and Trico 

2 400 

16 

Torrance Refinery 

7 200 

12 





Cost of “bare” well, excluding production facilities, is about 95% of above figures 


Most wells in Table 23 were drilled in 1938, and represent latest practice. Higher cost 
of the deeper wells due to more complicated ra.sing problems and harder formations. Wide 
variation m cost of rigs or derricks, on deeper wells, derricks were moved to new locations, 
and depreciated approx 10% per move. Now, the derrick is considered pait of drilling 
equipment, and daily rental is charged, based on 1 000 days’ life; thus, a $G 000 derrick 
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Table 19. Segregated Costs in California (1937) and Wyoming Oil Fields 

(numbers m col 1 refer to notes at end of table) 



Ventura District 

Midway Diet 


5 400 ft 

2 280 ft 

9 380 ft* 

1 550 ft 

4 500 ft 

1 

$ 4 494 72 

$ 2 675 68 

$ 3 549 58 

$1 921 78 

$ 646 16 

2 

23 463 77 

1 10 682 18 

9 114 37 

2 633 39 

12 289.41 

3 

I 042. 75 

28 05 

66 25 

72 31 

14 92 

4 

66 166 99 

33 222 64 

105 406 50 

8 546 43 

21 930 48 

5 

861 10 

219 69 


290 78 

980 28 


$96 029 33 

$46 828 24 

$118 136 70 

$13 464 69 

$35 861 25 


Lob Angeles District 

Midway Dist 


3 620 ft 

3 460 ft 

5 440 ft 

3 900 ft 

3 120 ft 

1 

$ 3 965 25 

$ 2 901 58 

$ 4 411 40 

$ 4 105 24 

$ 2 823.63 

2 

23 021 13 

23 079 73 

22 983 38 

22 957 78 

6 369 81 

3 

17 09 

7 09 

34 38 

28 75 

53 96 

4 

25 531 05 

25 520 89 

28 494 76 

19 022 70 

14 877 82 

5 

607 36 

615 86 

644 03 

645.95 

710 91 

6 

1 302 00 

1 434 00 

1 318 20 

1 577 40 



$54 443 88 

$53 559 15 

$57 886 15 

$48 337 82 

$24 836 13 

1 

Los Angeles District 

Midway Dist 


3 780 It 

490-3 875 ft * 

3 625-6 8 10 ft 

3 650 ft 

1 270 ft 

1 

$ 3 191 81 

$ 1 355 45 

$ 3 937 17 

$ 4 101 07 

$ 458 74 

2 

1 1 705 38 

13 056 57 

17 596 51 

21 234 43 

2 605 92 

3 i 

679 33 

801 50 

512 23 

80 35 


4 

26 878 58 

84 491 32 

97 909 60 

23 390 60 

13 542 44 

5 

156 63 

643 86 

2 958 49 

1 297 38 

124 84 





1 252 80 



$42 61 1 73 

$100 348 70 

$122 914 00 

$51 356 63 

$I6 731 94 


Kern District 


7 200-7 460 It 

1 Q90 ft 

4 760 ft 

1 720 ft 

4 850 ft 

1 

$ 2 428 67 

$ 917 21 

$ 1 436 99 

$2016 19 

$ 2 549 49 

2 

23 388 44 

7 627 53 

15 574 14 

3 408 89 

1 1 556 68 

3 

1615 86 

104 55 

290 80 

85 82 

274 75 

4 ' 

106 401 48 

10 456 30 

18 173 99 

7 372 22 

23 328 33 

5 

1 298 23 

4 578 58 

413 45 

514 23 

312 69 


$135 132 68 

$23 684 17 

$35 889 37 

$13 397 35 

$38 021 94 


So Wyoming f 

^ 5601 ? 

$ 2 233 07 

59 82 
2 200 6 () 
146 328 32 
31^72 _ 

$T82 594’ 16 

Todit 3 786 78 


$176 807 38 


No Wyoming 

6~ofolt 

$ 2 109 73 

20 933 19 
125 02 
187 677 65 
4*^9 53 


$21 1 343 12 


1 Drilling ng derrick, crown block, permanent 
partxS, foundatioiiH, timber 

2 ('asing, tubing and control head 

8 Higging inatenah that remain (except derrick), 
as ^^.lfer connections and drilling lines. 

t Labor and expense (a) drilling labor, pipe 
lines, electric work, (6) drilling materials mud, rea- 
gents, cement, rope, (r) expense of outside dnllmg 
contractors, building ng, sur\eys of well, formation 
testing, cementing, coring, fuel for power, special 
dulling tools, {d) company transport of materials, 
roads, etc, (c) dnlling-tool lental, core bits, drill 
pipe, draw-works, rotaiv equipment, po^\el plant, 


water piping dining drilling (spoci-il rental costa, depending on field, $fi5-$150 per day). 
.5 Bringing in, suckci rods, C’linstiuas tiee lussembly, actual flow lines. 

6. Piling, contiact job 

* Rednllcd from 1 080 ft f Wildcat well, abandoned. 


Table 20, Cost of Completed Wells in Los Angeles Basin, 1937-38 


Depth, 

Cost, 

Depth, 

Cost, 

Depth, 

Cost, 

ft 

$ 

ft 

$ 

ft 

$ 

3 630 

59 986 03 

3 900 

53 650 60 

3 890 

54 888 25 

3 600-3 651 

62 890 83 

4 130 

64 706 60 

4 075 ! 

59 682 25 

3 600 

65 621 30 

3 310 

39 805 01 

3 000 

33 179 65 

3 590 

50 610 55 

4 000 

59 585 41 

3 900 

55 107 17 

5 650* ; 

98 487 10 

2 950 

33 564 38 

3 920 

59 858 64 

3 590 

52 092 90 

3 000 

38 022 79 




* Exploratory well. 
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Table 21. Drilling Costs, California 



San Joaquin Valley 

Coastal 

Ventura 

ic) 

Los 

Angeles 
Basin {d) 

Inland 

Ventura 

ie) 

(a) 

(b) 

Depth, ft 

8 500 

15 000 

6 900 

6 500 

8 000 

Equipment: Casing 

$23 506 

$ 51 420 

$26 200 

$28 065 


Derrick and rig 

16 964 

18 900 

16 960 

16615 


Other, prorated 


18 490 

2 720 

1 820 


Cement, drilling mud, chemicals 


42 495 

3 700 

1 815 


Labor. . 

14 384 

54 720 

14 105 

1 1 725 

$ 41*832 

Power or fuel (gas, elec) . 


6 825 

2 200 

1 625 


Special services (as coring, surveying) . 


10 460 

6 175 

500 

2 804 

Unusual expense due to local conditions 


if) 

3 000 

500 


Other operating costs, prorated . 

37 184 

104 845 

41 490 

26 210 

150 204 

Total drilhng cost . 

$92 038 

$308 155 

$116 550 

$89 275 

$194 840 

Average cost per foot 

$10 83 

$20 60 

$16 90 

$13 72 

$24 30 


(а) Routine development drilling in fairly easv formation, with moderate dips. 

(б) Wildcat (exploratory) well, deepest ever drilled, cost very moderate foi such wells. Pro- 
duction or development wells may be drilled here for $15-$17 per ft. Most of strata m the area are 
easily drilled; dips flat or slight. 

(c) Routine drilling of development well in hard, steeply-dipping beds. 

(d) Routine drilling of development well in medium hard sediments, dips moderate. 

(e) Very difficult area of moderate dips, extremely hard formations for coring. Many fishing 

jobs caused by drill-pipe twist-offs. (/) See casing item. 


Table 22. Drilling Costs, California Oil Fields 


Field 

Dornin- 

Klonte- 

Playa 

Rich- 

Rosecrans 

St a Maria 

Rio 

guez 

hello 

del Rey 

field 

Valley 

Bravo 

Aver depth, ft ... 

7 500 

6 400 

6 300 

4 600 

7 800 

4 500 

11 500 

Time, days 

45 

45 

35 

30 

40 

25 

80 

Surface equip’t . 

$ 7 000 

$ 7 000 

$ 7 500 

$6 000 

$ 7 000 

$ 4 000 

$10 000 

Casing, etc . . . 

22 000 

16 000 

12 000 

8 000 

20 000 

15 000 

i 30 000 

Labor (a) ... 

15 000 

12 000 

10 000 

10 000 

14 000 

10 000 

20 000 

Power or fuel .... 

4 500 

4 500 

4 000 

3 000 

4 500 

3 500 

10 000 

Other costs 

36 500 

30 500 

21 500 

18 000 

34 500 

17 500 

90 000 

Total 

$85 000 

$70 000 

$55 000 

$45 000 

$80 000 

$50 000 

$160 000 


(a) Construction and drilling. 


Table 23. Cost of Oil Wells, California 


Area 

Depth, 

ft 

Days 

time 

Rig. 

complete 

Road 

and 

grading 

Drilling 

Casing 

and 

cement 

Pro- 

duction 

equip’t 

Total 

Per ft 

San Joaquin .... 

1 815 

16 

$2 660 

$ 854 

$ 6 226 

$ 5 118 

$ 3 873 

$ 18 731 

$10 32 

“ “ 

1 687 

n 

3 170 

685 

4 028 

3 943 

4 604 

16 430 

9 74 

“ “ 

8 350 

40 

8 400 

700 

31 000 

22 600 

12 100 

74 800 

8 96 

** “ .... 

8 200 

48 

8 400 

800 

36 400 

20 000 

15 100 

80 700 

9 84 

" ... 

1 714 

20 

3 000 

140 

6 220 

3 040 

2 680 

15 080 

8 79 

Los Angeles basin 

6 650 

54 

4 605 

215 

32 990 

34 260 

7 125 

79 195 

n 91 

Coastal 

5 766 

58 

6 620 

670 

34 000 

18 200 ' 

4 400 

63 890 

11 08 

“ 

7 450 

77 

8 307 

1 330 

60 709 

27 738 

8 602 : 

106 686 

14 32 

“ ... 

1 500 

15 

no 

no 

7 820 

3 200 

900 

12 140 

8 09 

“ ... i 

1 675 

20 

100 

720 1 

8 813 

4 180 

1 612 

15 425 

9 21 


cost $6 per day; shallow wells have been drilled with portable masts, no derrick cost 
charged. Wildcat wells vary greatly in cost, of fuel, water, mud and kind of formation; 
2 recent wildcats, to 10 000 ft in San Joaquin valley, cost $26 and $8 per ft respectively ; 
in the first large quantities of weight material were used to hold back caving shale, and 
finally a protective casing-strmg was set; in the other well, no ca.sing or weight material 
were necessary. Cost of daily operation for light gas-engine equipment, for drilling to 
6 000 ft, averages about $400 per day. Heavy steam drilling equipment, for 10 000 ft 
costs $600-$750 per day, depending on cost of fuel and water. Extra heavy steam equip- 
ment for 15 000-ft wells costs from $750-$ 1 000 per day. 
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Table 24. Drilling Costs (L. G. E. Bignell) 



Depth, ft 

Aver costa 


Depth, ft 

Aver costs 

Oklahoma City, Okla . 

6 500 

$100 000 

Kettleman Hills, Calif 

7 200 

$150 000 

East Texas Field, I'exas 

3 650 

12 500 

Perry, Noble Co, Okla. 

5 200 

40 000 

Sulphur Bluff, Texas . . . 

4 500 

21 500 

Victoria, Texas 

4 300 

27 500 

Conroe, Texas . . . 

5 200 

27 500 

Tioga, Penn * . 

4 012 

17 000 

Pettus, Texas 

4 000 

25 000 

McPherson Co, Kan * . 

3 350 

35 000 

Government Weils, Texas 

2 400 

18 500 

Mt Pleasant, Mich *. . 

3 800 

18 000 

Western Kan , ... 

3 400 

32 500 

Panhandle, Texas * 

3 000 

17 500 

Cunningham, Kan 

3 050 

25 000 

Bay City, Texas 

7 500 

45 000 


* Type of equipment, cable-tool, all others, rotary. 


Table 25. Costs of California Wells (J. E. Brantly) 



Kettleman Hills 

Los Angeles Basin 


(a) 

(6) 

(0 

(d) 

(e) 

Depth, ft 

8 600 

8 400 

3 904 

3 850 

7 405 

Overall time, days 

120 

160 

42 

46 

82 

Labor . 

$23 130 67 

$31 024 

$6 375 

$7 125 

$16 883 

Earthwork 





870 

Pits and ditches 

1 255 00 

1 374 

610 

641 


Miscellaneous expense 

10 659 50 

12 852 

3 980 

4 880 

4 300 

Rigging up 



820 

830 

I 205 

Bits and coring tools 

7 945 51 

14 170 

2 420 

3 020 

4 950 


1 860 00 

2 560 




Transport . . 

2 011 67 

3 012 

810 

860 

1 360 

Fuel * , 

4 800 00 

9 600 

2 580 

2 760 

8 200 

Water® l.Sflperbbl. . 

1 800 00 

2 400 

380 

404 

1 230 

Tool rental, deprec and capital repairs . 

1 20 860 00 

26 750 

3 522 

4 830 

9 685 

Indirect operating exp . 


3 705 

1 260 

1 485 

3 920 

Overhead . .... 

5 480 00 

7 750 

1 680 

1 800 

2 860 

Total intangible costs 

$79 802 35 

$115 197 

$24 437 

$28 635 

$55 463 

Roads and earthwork. 

$ 2 500 00 

$ 3 260 

$ 1 800 

$ 2 200 


Derrick erected . ... 

7 450 00 ! 

8 500 

11 600 

12 400 

$ 7 460 

Permanent well equipment 

44 750 00 

42 800 

28 800 1 

27 650 

28 640 

Total capital items 

$54 700 00 

$ 54 560 

$42 200 

$42 250 

$36 100 

I’otal coat 

134 502 35 

169 757 

66 637 

70 885 

91 563 


(a) Flat-dip area. 2 drag bit^, 22-in; 20 drag bits, 14 75-in; 15 rock bits, 12 25-in, 40 rock 
bits, 83/8-in. 16-in surface casing, Os/g-in water-string, 65/8"in oil-string or liner, 3-in tubing. 

(6) Steep dip area. 2 drag bits, 22-in. 32 drag bits, 14 75-in, 26 rock bits, 12 25-in, 48 rock bits, 
83/g-in, reamers, guides, core-heads. 16-in surface casing, 96/8-i» water-string, 6 5/8-in oil-string 
or hnei, 3-in tubing, (r) Straight hole, soft formation. 18&/8'>o. H 75-in and 86/8-m casing and 
hner, 3-in tubing (d) Directionally drilled, soft formations. IS^/g-in, 11 75-in and 6 5/3-in easing 
and liner, 3-in tubing (c) Soft formations Producer. ISS/g-m surface pipe, 9-in water-string, 
66/8-in liner, 2 5-iu tubing * Gas (g^ 10^ per M (a, 6) and 20^ (c, d, e). 


Table 26. Cost of Well in Texas Panhandle, 1937 (J. E. Brantb^) 

Depth, 3 200 ft; cable tools, pumping well, 40 days drilling, 15 days shooting and cleaning out 


Company labor 

$ 1 015 

Drilling labor 

$ 2 429 

Payroll tax 

36 

Payroll tax 

72 

Compensation ms. . . 

166 

Compensation ins 

396 

Pump test 

25 

U S.&K 

480 

Water and gas lines 

39 

Bits . 

646 

Pits . 

. . 150 

Mud fluid 

81 

Water. 

653 

Transport 

482 

Fuel . . . . 

156 

Equip’t 

167 

Transport 

173 

Wire lines 

350 

Derrick erection . . 

512 

Overhead 

917 

lAimber . . 

120 



Fishing 

15 

Total 

$ 6 020 

Supplies ... 

46 

Company exp, contra 

11 149 

Cementing . ... 

616 



Shooting 

596 

Total ... 

$17 169 

Miscellaneous. ... 

75 

Tool rental and capital re- 


Well e<iuip’t (a) . . . . 

. . . . 6 756 

pairs . . . ... 

3 927 

Total 

$11 149 

Total 

$21 096 


(a) 10.75-111, 7-m, 2-iu. 
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Table 27. Cost of Oil-well Drilling in Kansas, Oklahoma, Texas and Gulf Coast 


Cost, dollars 


State 

and 

County 

Depth, 

ft 

Drilling 

ng 

Derrick 
and ng 
equip’ t 

Casing 

and 

tubing 

Misc 

supplies 

and 

equip’t 

(a) 

Well 
head and 
pumping 
eijuip’t 

Total 

cost 

Aver 
per ft 

Kansas (6) 









Barton. 

3 356 

13 885 

2 997 

5 560 

4 360 

2 356 

29 158 

8 69 

Reno 

4 057 

16 093 

3 326 

6 661 

3 927 

5 262 

35 269 

8 69 

Reno 

3 383 

13911 

3 044 

7 327 

4 963 

3 807 

33 052 

9 77 

Rice ... 

3 331 

14 124 

3 339 

4 480 

3 344 

6 285 

31 572 

9 48 

Rice . . . 

3 258 

13 531 

3213 

4 371 

2 808 

6 100 

30 023 

9 22 

Russell (c) 

3 072 

11 283 

I 857 

4711 

2 979 

1 906 

22 736 

7 40 

Stafford 

3 561 

6 130 

3 240 

6 172 

4010 

7 047 

26 599 

7 47 

Stafford. . . . 

3 546 

13 995 

3 335 

6 471 

5 079 

5 704 

34 584 

9 75 

Stafford 

3 550 

11 880 

3 285 

5 757 

3 137 

7 145 

31 204 

8 79 

Stafford 

3 625 

10 604 

3 257 

5 864 

4 247 

6910 

30 882 

8 52 

Oklahoma (b) 









Hughes 

4 153 

18 879 

1 080 

6 537 

4 456 

2 208 

33 160 

7 98 

Hughes 

4 215 

19 494 

1 236 

6 472 

3 586 

1 484 

32 272 

7 66 

Lincoln 

4 245 

20 479 

960 

7 348 

3 097 

1 076 

32 960 

7 76 

Lincoln. . . . 

5 002 

23 421 

1 128 

8 670 

5413 

1 024 

39 656 

7 93 

Noble . . . 

4 871 

22 089 

881 

8 142 

3 757 

2 235 

37 104 

7 62 

Noble . 

5 098 

22 941 

1 364 

7 170 

7 635 

1 347 

40 457 

7 94 

Oklahoma . 

6 693 

38 008 

1 275 

10 474 

8 433 

3 677 

61 867 

9 24 

Payne 

4 302 

22 030 

1 202 

7 705 

4 094 

1 329 

36 360 

8 45 

Payne . . . 

4 501 

20 522 

997 

7 610 

2 854 

1 915 

33 898 

7 53 

Pottawatomie 

4 449 

20 404 

1 778 

7 475 

4 009 

1 192 

34 858 

7 84 

Pottawatomie 

4415 

21 134 

1 553 

7 546 

4 308 

935 

35 476 

8 04 

Seminole . . 

4 628 

25 855 

3 278 

8 325 

7 025 

5 284 

49 767 

10 75 

Seminole . 

4 434 

23 841 

3 690 

9 338 

6 506 

4 684 

48 059 

10 84 

Seminole . 

3 942 

21 796 

4 434 

6711 

1 590 

1 206 

35 737 

9 07 

Logan . . 

5 080 

25 563 

1 073 

8 134 

3 461 

2 384 

40 615 

8 00 

Logan 

5 070 

22 963 

861 

8 048 

4 077 

2 304 

38 253 

7 54 

North Texas (d) 









Gray, . 

3 343 

11 375 

1 974 

1 724 

4 098 

525 

19 696 

5 89 

Gray . . 

3 290 

10 920 


3 Obv) 

4 380 

818 

19 178 

5 83 

Carson 

I 3 295 

12 235 


9 997 

5 853 

2 573 

30 658 

! 9 30 

Hutchinson 

3 040 

8 549 


1 560 

5 720 

2 959 

18 788 

! 6 18 

Hutchinson , 

3 095 

‘ 10 045 


4 569 

3 710 

2 384 

20 708 

6 69 

Hutchinson 

3 073 

1 1 330 


1 469 

4 355 

1 977 

19 131 

' 6 23 

Hutchinson 

3 100 

11 188 


2 034 

5 802 

i 2 107 

21 131 

6 82 

West Texas (e) 









Ector . 

4 135 

22 432 

924 

6 657 

4 799 

373 

35 185 

8 51 

Ector. 

4 206 

23 174 


6 907 

4 915 

3 476 

38 472 

9 15 

Pecos (c) 

491 

1 515 


480 i 

696 

938 

3 629 

7.39 

Pecos (c) 

444 

1 300 


491 

837 

884 

3 512 

7 91 

Pecos . . 

1 416 i 

5 109 


3 491 

941 

812 

i 10 353 

7 31 

Pecos . 

1 408 

5 123 


3 014 

1 027 

586 

9 750 

6 92 

Ward (c) . 

2 503 

7 842 


4 742 

2 236 

635 

1 15 455 

6 17 

Ward. 

2518 

11 677 


4 574 

2 270 

853 

19 376 

7 69 

Ward 

2 524 

10 703 


4 841 

1 873 

i 036 

! 18 453 

7 34 

Texas Gulf Coast (J) 

1 








Brazoria . 

6 080 

22 039 


14 723 

5 777 

1 336 

43 875 

7 22 

Brazoria . 

5 994 

18 761 


14 902 

6 935 

1 425 

42 023 ' 

7 01 

Brazoria . 

5 991 

22 356 


16712 

4 970 

1 190 

45 228 

7 55 

Chambers 

6616 

26 1)5 

1 315 

14 142 

7512 

2 715 

51 799 

7 83 

Galveston 

5 198 

23 878 

5 853 

11 617 

10 388 

1 145 

52 881 

10 17 

Galveston. . 

6 346 

17 117 


14 601 

1 1 687 , 

413 

43 818 

6 90 

Galveston . 

6 272 

15 977 

1 607 

15 283 

11 152 

1 123 

45 142 

7 20 

Galveston . . . . 

6 065 

18 930 

! 

13 898 

7716 

1 843 

42 387 

6 99 

Galveston 

8 000 

40 092 


23 364 

13 725 

3 068 

80 249 

10 03 

Harris 

4 832 

13913 

*4 740 

11 765 

5 965 

I 489 

37 872 

7 84 

Harris 

4 800 

14 153 


11 528 

7 942 

1 396 

35 019 

7 30 

Louisiana Gulf Coast (J) 









Acadia . . 

7 222 

37 100 

2617 

28 379 

18 729 

2 333 

89 158 

12 35 

Acadia 

7 250 

45 000 

2 545 

17 864 

17 165 

2 621 

85 195 

11 75 

Cameron 

3 199 

8 079 

744 

3 542 

5 147 

1 208 

18 720 

5 85 

Cameron 

5 887 

1 1 740 


12 944 

6 193 

2 290 

33 167 

5 63 

Cameron . 

5 930 

14 678 


8 708 

5 353 

1 193 

29 932 

5 05 


(a) Misc labor, tools and supplies, freight, hauling, drilling mud, fuel, water, acidizing, shooting, 
cementing (b) Chiefly alternating limestone and shale beds, relatively hard, (c) Drilled vnth 
cable tools; all other holes drilled chiefly or entirely with rotarv. (d) Medium hard sand and 
shale, very hard dolomitic limestone, (e) Medium hard sands, shales and anhydrite; medium to 
very hard limestone. (/) Soft sands and shales, heaving shale, salt-water flows and steep dips 
often oause high costs. 
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14. PORTABLE CHURN DRILLS FOR PROSPECTING 

For placer drilling, light power drills are largely used for depths of 15-30 ft As 
shallow deposits become scarcer, deeper, sometimes buried, channels are prospected to 
300-400 ft Lead and zinc deposits are sampled by churn drills to 400-000 ft, us m Tri- 
Stato district For porphyry copper deposits, churn drills may reach 1 000-1 500 ft 
W ater wells and blast holes are usually vnthin 200-300 ft Large blast-hole drills grade 
into “spudders” for oil wells of 4 000-5 000 ft depth 

Setting up Level rear wheels by bloeking, taking wt off front axle by jacks Cater- 
pillar tieads should have ground leveled for them For the deeper holes a platform in 
front of drill supports tools and extra bits Derrick is raised by the aid of engine, and 
guv wires, if used, are anchored 

Drilling IS almost always by spudding with wire lines Tools are dropped about 
60 times per mm for placer drilling, quick stroke keeps the gravel in suspension after 
loosening and avoids pulverizing In copper and lead-zinc deposits, speed of stroke is 
38-50 per mm for heav'> tools Some prospecting requires cased holes, blast holes are 
rarely cased, except at top, tools lighter than for standard ng For holes deeper than 
100-150 ft, jars are desiiahle At Miami, Ariz, prospecting holes averaged 600 ft, casing 
generally needed below 400 ft, bits, 10, 7 and 6 25-m, 1 000-1 500 ft holes in porphyry 
may be started with 23-26-in stove-pipe casing, bottom diam of hole, 4 in 

In Tri-State district, for 406-600 ft, standard bit is 6 25-in, with 26-ft stem and jars, \%t, about 
2 000 lb (42) When dnlliriK fractured ground, where several strings of casing are needed to obtain 
accurate samples, holes are started with 8 to 10-in bits and finished with 4 7/g-m, though the latter 
lack v>t, are slower in drilling, and, if ground is bad, the hole may have to be abandoned to avoid 
losing tools due to caving (,43) In Tri-State mines, underground churn drilling is sometimes done 
by special compressed-air drills, for prospecting where surface is covered by tailings or buildings, 
the> require only IH-ft headioom for 60-ft holes In some copper mines, churn drills are set on floor 
of drift, and need only 12-14 ft headroom, a 50 to 60-ft vert raise being driven for taking the crown 
sheave For prospecting copper depasits in difficult rhyolite, a churn drill, starting with 14-m 
bit, was replaced at 800 ft by a small rotary outfit, making a 9 5-in hole, holes drilled to 1 29^ ft, 
5-in cores sometimes taken Material caught on a 60-mesli screen permits identification of rock, 
and shows whether sulphides are present \ max speed of S2 ft per 8-hr shift has been attained, 
aver on several holes over 1 000 ft deep, about 30 ft per shift 

Moving For small drills roads should be about 9 ft wide Large caterpillar drills, 
max width 0 75 ft, c\ui climb a 30% grade, speed on level ground, nearly 1 mile per hr, 
Binall machines cm make 4-5 miles per hr in high gear, 2 miles in low Xon-traction 
drills are moxed by caterpillar tractors, or mounted on auto-trucks, sometimes by the 
engine winding in a cable attached to a tree A O-hoisc team can pull a 12 000-lb drill 
on good roads, a 10-horse tea^n, an IS 000-lb drill 

Hollow-rod ng For shallow boring, holes should be smaller than 4 25-m (the economi- 
cal limit with c ible tools) Hollow lods are then iiK^d, instead of rope, for 2 to 4-in holes 
(45) In the hvdriulic method, bv means of v’^ahes in the rods, cuttings are forced to 
suifaie by self-puniping action, m the jetting method (more effective in soft ground) 
Wiitci 18 pumped down the lods to bung up the cuttings between rods and wall of hole or 
casing These iigs dull to 1 000 ft and more 

Bits To loosen the gravel m placer prospecting, bits are long and thin, compared 
to blunt, heavy rock bits, which exeit a cuishmg action (see Fig 15) A detachable bit 
18 finding favor, its cutting edge is bolted to body of bit, i educing the wt carried back 
and forth to blacksmith shop (sec Sec 5) 


16. DATA AND COSTS FOR PROSPECTING DRILLING 


Placer drills The light Hillman Airplane drill (Fig 40) will drill and handle casing 
to 75 ft or even more, at rate of alioiit 20 ft per da> Two 20-ft holes per day are often 
made in shallow testing, at 85^ per ft m Calif, to $2 per ft m Alaska Specifications 


Wt of drilling tools, lb 

400 

Overall length of frame, ft 

6 

Strokes per mm (30-60) aver 

50 

Overall width of frame, in 

37 

Length of stroke, m 

15-30 

Diam diive casing, in 

4 or 5 

Heavnest piece (drill-stem) lb 

150 

Diam drive shoe, m 

5 5 or 6 5 

3-hp gasolene engine, lb 

260 

Cu m of core sample per ft of 


Longest piece of derrick, ft 

6 5 

hole . . . 

260 or 390 

Height of derrick from ground, ft 

17 




Dnll can be mounted on sled runners, or a two-wheel trailer, dismantled, it can be trans^ 
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ported on muleback or in an airplane. Wt without tools, about 1 600 lb; aver cost, with 
100 ft of casing and tools, $1 300 fob Seattle. 

A larger machine will drill and pull casing to 300 ft, at about 30 ft per day; 26-hp 

gasolene engine; 28-ft derrick; 
drive shoe, 7.5 or 9.5 in; wt 
without tools, for sled or truck 
mounting, 5 850 lb ; with cater- 
pillar mounting, 1 1 200 lb ; wt 
of tools, 1 000-2 500 lb; cost, 
with tools and 100 ft of 5 or 6-in 
casing, $4 500. Keystone No 
71 placer drill is an all steel 
crawler, with 3 speeds. Bit, 
5 s/g in; wt of string of tools, 
about 1 200 lb; 25-hp gasolene 
engine; height of mast, 34 ft. 
Cost, fully equipped, $5 000- 
$5 500; wt, not including tools, 
about 14 000 lb. String of 
tools- bit, 4 ft 10 in long, 250 
lb; drill stem, 4.25 in by 20 ft, 
6901b, jars, 2501b; wt, com- 
plete, 1 350 lb. 

In testing a placer deposit, 
actual drilling time may bo a 
relatively small part of total 
elapsed time. The systematic 
boring of the Mammoth area, 
New Zealand (41) was done by 

2 petrol drills, powered with 
20-hp automobile engines; cas- 
ing, 6-in, with 7.5-in dri\ang 
shoe. Holes, 10-20 ft deep; 
118 holes drilled in about 4 
months; cost, $3.75-$4 per ft; 

3 men on each drill. Wages: 
driller, $4 per day, panner, 
$3.75, man on gravel pump, 
$3.25. On a British Col placer 
(1934), drilling was done with 
3 Keystone drills, 1 having 
capac of 1 500 ft, the others, 
300 ft; 1 628 ft of hole cost 
$2.60 per ft. In 1935, 4 782 ft 
were dulled, with 6-in casing; 
cost, $3 42 per ft (including 
road building) . In 1937 drilling 
cost $2 pel ft. Most holes, 200 
ft; none deeper than 300 ft. 

Base-metal prospecting. In 
Tiu-S'I’ate distkict drills are 
all gasolene, mounted, 5.5- 
6.2r)-in spudders, for 400-600 
ft holes in shale, limestone 
and chert; work by contract 
at $1 per ft aver. The chert 
wears bits rapidly. Aver speed, 
25 ft per day. Co.sts: wages 
55^; power 6^; repairs 4.5j^; 
supplies 18^; insurance 2 ^\ 
taxes 3(^; deprec 2.5)!f; total 91 

(42-44). Underground churn-drilling costs $2-2.50 per ft for 60-ft holes. Solid stjl- 
PHIDB ORE, drilled with 6-in holes by Armstrong elec drill: depth, 33 ft; .speed, 12-18 in 
per hr; cost per ft, labor $1.08, supplies 5fi, sharpening bits 76^i, misc 9^, total $1.98. 
Churn-drill prospecting at Chino mines, Nev Consol Copper Co, N M, in 1930, with 



A Dram for hoisting tools 
B Spudding crank 
C Brill line 
D Sand line 

E Drive clamps (removed when drilling) 

F Derrick 8ectlonali^ed if desired 
( Tool string shown as rigged to drive casing) 


Fig 40. Light Placer Drill (C. K. Hillman Co) 
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Table 28. Drill Pipe, Drive Shoes and Stems (C. Kirk Hillman Co) 


Drill pipe 


Drive shoes 


Outside 
diam, in 

Inside 
diam, in 

Cross-sec 
t area, sq in 

Vol per ft 
depth, cu in 

Cutting 
edge 
diam, in 

Cross-sec 
area, sq in 

i Vol per ft 
depth, cu in 

Ft driven 
to cut 

1 cu yd 

4 

3 826 

II 4969 

137.9628 

5 25 

21 6475 

259.77 

179 6 

5 

4.813 

18 1938 

218.3255 

6 5 

33 1832 

398 1978 

117 1 

6 

5.761 

26 0666 

312.7997 

7 5 

44.1788 

530.1450 

88 0 

8 

7.625 

45 6636 

547 9632 

9 75 

74 6621 

895 9450 

52 08 


Drive- 
pipe, in 

Wt per 
ft, lb 

Round drill 
stems, m 

Wt per 
ft, lb 

Round drill 
stems, in 

Wt per 
ft, ib 

Core rise: in 4-in pipe, with 5 25- 
in shoe, per ft depth, 22 6 in, in 5-m 
pipe, with 6.5-in shoe, per ft depth, 
21 9 in; in 6-in pipe, with 7 5-m 

4 

14.983 

31/8 i 

26 08 

4 25 

48 23 

5 

20.778 

3 25 

28 21 

4.5 

54 07 

shoe, per ft depth, 20 3 in, in 8-in 

6 

28.573 

3 5 

32 71 

4 75 

60 25 

pipe, with 9.75-in shoe, per ft 

8 

43 388 

4 

42 73 

5 

66 76 

ft depth, 19 6 in 


Sanderson rigs, in fractured, silicified porphyry. Holes started at 13 in. followed by 
10, 8, 0, 4.5 and 3-in bits, according to ground and depth. Crew: driller 72 ^ per hr, tool 
dresser 53^, sampler 52^. Aver depth* special gasolene rigs, 749 ft, aver cost, $4.15; 
steam Cyclone drill, 775 ft, aver cost, $4.66; gasolene No 14 traction rig, 363 ft, aver cost, 
$2 97 per ft. Deep churn-drilling, Star elec ng, with standard 85-ft steel derrick for 
holes averaging 1 000 ft deep in monzonite porphyry. Holes spudded with 26-in cross bit 
and jars. Stove-pipe casing, 26, 23 and 20-in, placed as needed, followed by regular 
casing, 15 5, 12.5, 10 and 8-in. Samples taken every 5 ft. Max speed, 5 ft per hr, aver, 
1 ft; total cost per ft; $11,41, of which labor was $6.69 and supplies, $4.72. Iron orb 
SAMPLING, Mich and Minn. Glacial drift covering varies from a few ft to 300 ft or more; 
many large boulders. Orchodies often contain layers of taconite, requiring alternate 
steam churn and diamond drilling. As ore i.s soft, hard taconite layers are bla.sted or 
reame<l, to keep casing close to bottom for reliable sami:)les. Light diamond drill is direct 
connected, or belted churn drill. Menominee and Cuyitna ranges. Ore is oveilam by 
greenstone, diorue, diabase and .slate. C'osts, $1.75 to max of $3.50 per ft when m man- 
ganiferou.s iron ore. On Vermillion and Marquette ranges, costs are $4-$4 50 per ft; 
Mesabi rann.b, $2.50-$3.50 for churn drilling; diamond drilling, $3.50-$4.50 per ft. Rate 
of drilling, 10-20 ft per shift. 


16. BLAST-HOLE DRILLING (see also Sec 5) 

Holes are shallow, moves short, and no casing is used. Holes, 9 and 10-in at wide 
spacing, but 6-in holes often used for quarry and open-pit blasting. Speeds of 9 and 6-in 
drills aie about the same, because flic 9-m has heavier tools, stem about 2 700 11) as against 
1 500 lb for the 6-in. A steel-frame type (Loomis Machine Co) has capac of 600 ft, safe 
woiking load for 3l-ft mast, 9 ton; stroke, 13-37 in, is adjusted by a .sliding pitman 
connection to spudding beam, power, gasolene engine, 20 hp at 1 200 rprn \Vt, truck 
mounting, S 200 lb, cost $1 945, wheel mounting, 8 800 lb, $2 170; with solid rubber-tire 
wheels, 8 700 Ib, $2 331, with pneumatic tire.s, 8 500 lb, $2 331; with crawler, 13 000 lb, 
$3 360; 6-in tool outfit weighs 2 790 lb, 8-in, 3 540 lb. Traveling speeds; 0.5, ^/g, 1.5 and 
2.5 miles per hi . 

Table 29. Bucyrus-Armstrong Churn Drills 




27-T drill 



42-T drill 


Diam of hole, in 

6 

6 

6 Ws 

6 Vs 

9 

10 

12 

Height of derrick, ft . 

33 

40 

33 

40 

47 5 

47 5 

47 5 

Drilling string, lb ... 

1 401 

I 833 

1 582 

2 064 

4 300 

5 100 

5 100 

Drill stem, in by ft , . . 

4 5 bv 10 

4 5 by 14 

4 75 by 10 

4 75 by 14 

6 5 bv 1 6 

7 by 16 

7 by 16 

Wt of bit, lb 

250 

250 

250 

250 

500 

600 

600 

Length of stroke, in . . 
Frame, width by length. 

27. 33. and 40 

6 ft 6 in by 10 ft 9 in long 


24, 30, 38 and 48 

9 ft 9 in by 22 ft 7 in 

Caterpillar treads . . . 

9 ft 5 in wide by 1 1 ft 9 in long 

! 1 1 ft 3 in 

wide by 1 3 ft 9 in 

Power 

36-hp gasolene eng; 1 5-hp motor or Diesel 

80-hp Diesel engine 


Wt without tools and 
cable 

engine 

18 265 lb 

> with gasolene eng; 

18 160 lb 

49 000 lb for Diesel 

; 45 300 lb 


1 with motor 



with motor 



Dnllstcm aa above is in 2 pieces. Advantages: stems can be reversed when lower box-joint is 
worn, lighter pieces easily handled, only one spare needed, no welds, hence lees breakage. Buoy- 
rus-Arnihtrong drill 29-T is an intermediate size, for holes 6-12 in diam; wt, 22 8701b, without tools. 
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(Table 30. Cost of DrUUng 51 300 ft 
of 9-in Hole, Aver Depth, 60 ft (in 

porphyry, with Armstrong 29-T drills; 
speed, 0.264 ft per min) 


1 

Coat per ft 

Operating labor . 

Labor sharpening bits. . 

Supplies’ Power 

Comp air 

Casing 1 

Sharpening 

Tools and misc 

Repair labor i 

Supplies 

Total per ft . . 

$0 224 

0 021 

0 011 

0 009 

0 053 

0 018 

0 045 

0 018 

0 016 

$0 415 


50 ft deep, m back lino (5 ft behind) 


Fig 41 shows tools for drilling and fishing; 
for bits, see Fig 17 ; Z bit often used in fissured 
ground. 

Blast-hole drilling, Chino mines, N M, is 

done with 12 elec drills, caterpillar mounted, 
6-in holes. Crow, duller and helper. Collars 
of holes are cased in shattered overburden; 
holes usually spaced 20-60 ft, 6 ft from edge 
of bank; in haul giound, 18 ft apart. When 
bank is steep and height less than 50 ft, holes 
may bo dulled to 5 ft below grade, to bieak 
bottom. In banks exceeding 60 ft, “slope 
holes” are drilled, in conjunction with toe 
holes by machine drills. In hard giound and 
high banks, holes are sometimes staggeied, 
30 ft apait in each line; holes in front line 
45 ft deep (see also Sec 5). 


Table 31. Drilling in Porphyry, Garnetized Limestone and Rhyolite 

(Bucyrus-Armsti ong elec tractor drill) 



1936 

1957 

Per 8 hr 

Per ton 

Per ft 

Per 8 hr 

Per ton 

Per ft 

Operating labor . . 

12 19 

0 0033 

0 16 

14 57 

0 0043 

0 19 

Supplies and repairs 

7 31 

0 0020 

0 10 

9 73 

0 0029 

0 13 

Power . 

62 

0 0002 

0 01 

66 

0 0002 

0 01 

Power lines . . 

1 25 

0 0003 

0 02 

: 2 69 

0 0008 

0 04 

Water service 

3 00 

0 0008 

0 04 

4 31 

0 0013 

0 05 

Steel sharpening ... . 

2 51 

0 0007 

0 03 

2 78 

0 0008 

0 04 

Other expense ... . 

5 74 

0 0016 

0 08 

2 65 

0 0007 

0 03 

Total. . . 

32 62 

0 0089 

0 44 

37 39 

0 0110 

u 49' 


Drilling speeds m quarries with Bucyrua- Armstrong drills In traprook, drill 211-T avi r igod 
3.34 ft per hr total time, 4.87 ft per hr actual drilling time, 8-m holes In hard limo.stone, with 
24-T drill, 5.2 and 6 6 ft, respectiv'ely, in 9-in holes In a hard limestone quarry, III, Loomis No 4t 
and No 2 Clipper drills made in 1937 o\er 100 000 ft of 6-in holes, averaging .").■) ft, at 0 ft pe^- hr 
actual drilling time. Costs, drilling labor, 16.17^5, incidental labor, .3 33 fi, supplier, ch v pi vser, 
Zi, total, 24.5»i per ft. 

Drilling hard siliceous hematite (1937) with 20-T Biicyrus-Armstiong machine^', 9-in l'it>, for 
hardest ore; smaller type, 6-in bits, for soft Costs 9-m holes, $1 89-2 01 per ft, and $0 0.s9 
per ton ore; 6-in holes, $1.69-2.28 per ft, and $0,147 per ton ore. Dulling speed, about 2 ft per hr. 


17. DIAMOND DRILL 

Construction. The boring column (Fig 42) consi.sts of: bit A", eot w'ith diamonda; 
core shell F, containing lifter W; core-barrel U\ hollow rods P, lotating within cusiug 
strings M and N. The drill rod is driven by gasolene engine, mounted on a steel liarni', 
through a swivel, water is pumped into rods, a hose eonuecting pump and swivel, rods 
are raised and lowered by a drum and wire lope, the latter passing ovei a block at top of 
derrick. 

Casing is in 4 standaid sizes, EX, AX, BX, and NX, for lods and couplings K, A, B, 
and N (Table 32). Other slightly different sizes are obtainable. Casing flush on outside 
when coupled is “ flush-coupled casing”; when without couplings, “ flush-joint casing.” 


Table 32. Nominal Dimensions of Rods, Casing and Cores 


Size 

Casing 
and casing 
coupling, 
outside 
diani, in 

Casing 
coupling, 
inside 
diam, in 

Casing 

bit, 

outside 
diam, in 

Core- 
barrel bit, 
outside 
diam, in 

Drill rod, 
outside 
diam, in 

i 

Diam of 
hole by 
core-barrel 
bit, in * 

Approx 
diam of 
core, in 

Casing, 1 
coupling 
and casing 
bits 

Rod 
and rod 
couphng 

EX 

E 

i I’Vie 

1 V 2 

127/32 

17/16 

• 5/16 

1 15/32 

7/8 

AX 

A 

21/4 

1 29/32 

2 5/16 

1 27/32 

1 5/8 

1 7/8 

1 Vh 

BX 

B 

2 7/8 

2 3/8 

2 15/16 

2 5/16 

> 29/32 

2 11/32 

1 5/8 

NX i 

N 

3 V 2 

3 

3 9/16 

2 IV 16 

2 3/8 

2 31/32 

2 1/s 


* Assuming hole 1/32 m larger than bit. 
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Core-barrels are: single-tube, rigid double-tube, and swivel double-tube. Single-tube 
barrel requires less time to remove core and reconnect the barrel, and in many kinds of 
rock makes faster progress than double-tube barrels. Double-tube barrel has an 



Fife 41 Drilling and Fishing Tools for Churn Drilling (Bucyrus-Armstrong) 


inner tube revolving with outer tube, and the circulating water is carried to bit without 
coming in contar't with the core, to prevent washing of soft core, and reduce grinding 
between separate pieces of (‘ore in the barrel. In the swivel-barrel, the inner tube is 
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mounted on ball-bearings, and as it does not revolve, is desirable for friable rock. Cores 
larger than standard are obtained with special fittings. For fragile rock, large diam cores 
are better than small. Fig 43A shows the Sprague and Henwood double-tube, ball-bearing 



barrel, Fig 43J?, the Sullivan laige smgle-tu]>e barrel for oil drilling. Common lengths of 
barrel are 20 in, and 2, 5, 10, and 20 ft, longer ones an* made. 

Rods are cold-drawn, seamless tubing, in standaid lengths of 1, 2, 5 and 10 ft, but 
20-ft lengths are used for rods of 2^/$ and 2 7/g-in outside diam (Table 33). 

Bits (Fig 44). A, blank bit with 
rounded edge; B, round shoulder bit 
with a large number of stones, C, 
square shoulder bit, with 8 stones, 
4 inside and 4 outside; D, Kobelite 
bit, in which stones aie first moulded 
into insert stiips, which are then 
brazed into the bit; sawtooth 

bit, hard-faced with Haystelhtc, F, 
sawtooth bit, face-hardened with 
borium; G, Bade bit, with stones set 
in plugs, which are then inserted in 
lx)dy of bit, I/, “caatset” bit, made 
by setting stones in a mould and 
I>ounng in molten metal; i, sawtooth bit, in which plugs of hard metal are set. Sawtooth 
and hard-faced fishtail bits may be used in the softer rocks. A solid bit, making no core, 
may be used for boring in barren strata above ore horizon; its face is slightly recessed; 


Table 33. Diamond Drill Rods 

(E. J. Longyear Co) 


Size 

Outside 
diam, in 

Thickness, 

in 

Wt per 
ft, lb 

Wt of 
couplings, 
lb 

EX 

1 ®/l6 

16/64 

2 75 

1 0 

AX 

16/8 

7/32 

3 38 

I 5 

A 

16/8 

9/32 

3 76 


BX 

1 29/32 

1/4 

4 43 

2 0 

NX 

2 3/8 

3/16 

4 90 

4 0 
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rim diamonds are set with usual clearance, and holes through bit admit water to face. 
In soft ore, cores have been taken with a square-shouldered blank bit, with water courses 
cut m it (Art 18). Diamonds are always set to “cover” one another as bit rotates. 

Types of drills range from portable, hand-operated machines for depths of 300-^00 ft, 
to the heavy, engine-driven type for great depths. A recent diamond-drill hole in So Africa 
is 10 718 ft deep; 2 others, 7 408 and 7 770. Compact drills are made for underground 
service, and truck-mounted or motorized forms for surface work. With imjiroved bits 
rotatn^e speeds have been increased from 300 or 400 to 1 000 or even 1 200 rpm, increasing 
drilling rate by 50% or more. High speed requires changes in design: working parts are 
enclosed and run in oil, chucks have countersunk bolts; ball-bearings used throughout, 



G H I 

Fig 44. Diamond-drill Bits 


and provision made for pressure greasing. The No 22 Sullivan drill has a capao of 
1 150 ft with EX fittings (Table 32), or less depth with larger fittings; driven by compressed 
air, steam, elec, or gasolene engine, those drives being interchangeable. Wt of air- or 
steam-driven drill, without pump, is 1 300 lb. Fig 45 shows a I.ongyear UG straight-line 
gasolene drill, capac 1 500 ft of E hole; wt complete, 1 959 lb; gasolene motor, 20 hp, con- 
sumes 8-12 gal tier sliift; can be moved by fastening the steel cable to a tree and winding 
it in. Sullivan No 40 drill has a 42-hp Buda engine; capac, 1 500 ft of 3-m core, or 2 200 ft 
of 2-in core (greater deptli for smaller core) ; hydraulic feed swivel-head has piston travel 
of 18 in. This drill can bo equipped with a 12 or 22-ft Kelly bar for oil-well drilling 
(Sec 44) ; mounted on an I-beam frame, which is slid out over the hole while drilling, but 
is retracted 18 in by a rope and cathead when hoisting or lowering rods; wt complete, 

I— 11 
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8 316 lb. About 70% of diamond drills are driven by gasolene engines ; 20% by elec 
motors; 10% by steam, or, for underground drills, by elec or compressed air. Steam 
power is familiar to most drillers, easy to handle, and by throttling permits close control 



Fig 45. Gasolene-driven, Swivel-head, Screw-feed Diamond Drill (E. J. Longyear Co) 


over operations; its disadvantages are higher initial cost and boiler upkeep (state boiler 
codes must be met), difficulty of moving e<iuipment. Depaitment of Forestry, Canada, 

insists on use of gasolene 
dulls, because of daiigiT (»f 
lire from steam iigs (4()). 
For gasolene rigs, cost of 
fuel and transport are low 
and drilling can be started 
promptly. 

Feed mechanisms. On 
hand drills and many 
small pow er iigs a positiva^ 
differential screw-feed is 
used ( Fig 46) ; hydraulic 
feed for large dulls (Fig 
47). SCKEW-FEED. In tlio 
swivel-head (Idg 46), the 
feed-screw spimllc A is 
threaded left-handed, ro- 
tated by splinc-ipiill B, 
ha\ung3 locked-in splines, 
spindle rotates with B, 
but IS free to move up or 
down, and is driven by 
bevel gear C, being keyed 
to B and meshing with 
the drive gear. All rotating 
parts have ball-bearings. 
On the lower end of B is 
gear D, which drives coun- 
tershaft E by meshing with gear F, keyed and locked onto the countershaft. At top of 
countershaft are 3 feed gears O, meshing with corresponding gears //, keyed to feed nut /, 
which is threaded to take the feed-screw spindle. The feed gears have different ratios; 


Table 34. Prices and Weights of Complete Diamond Drill 
Outfits (Sullivan Machinery Co) 



Dian 

1 , m 


Approx 

Approx 

Capac, ft 

Hole 

Core 

Power 

price 

wt, lb 

350-400 

1 15/32 

7/8 

Hand 

% 1 689 

I 325 

500 

1 15/32 

7/8 

Gasolene 

2017 

> 3 000 

500 

1 ^5/32 

7/8 

Air 

1 833 

2 865 

750 

1 15/32 

7/8 

Gasolene 

2 566 

5 175 

750 

1 15/32 

7/8 

Electric 

3 195 

5 485 

750 

1 15/32 

7/8 

Air 

3 651 

6 250 

1 250 

17/8 

13/16 

Gasolene 

3 777 

7 780 

900 

17/8 

13/16 

Air 

3 887 

7 107 

1 250 

17/8 

13/16 

Electric 

4 557 

7 555 

2 200 

17/8 

1 3/16 

Steam 

4 762 

8 730 

1 400 

2 23/64 

141/64 

Steam 

4 948 

9 9^0 

1 350 

2 63/64 

2 9/64 

Steam 

6 098 

16 104 

1 500 

2 63/64 

2 9/64 

Gas portable 

8 596 

20 390 

1 500 

2 63/64 

2 9/64 

Diesel portable 

n 496 

24 090 

4 000 

2 63/64 

2 9/64 

Gasolene 

15 000 

36 474 

4 200 

2 63/64 

2 9/64 

Diesel 

17 000 

38 688 

5 500 

2 63/64 

2 9/64 

Steam 

20 000 

40 574 

1 800 

2 63/64 

2 9/64 

Gas motorized 

7 150 

9 800 

1 200 

2 63/64 

2 9/64 

Gas motorized 

9 500 

13 000 

1 800 

31/2 

2 9/16 

Gas motorized 

11 050 

15 000 

2 300 

31/2 

2 9/16 

Gas motorized 

16 500 

2! 000 

2 300 
) 800 

31/2 

7 3/8 

2 9/16 

Diesel motorized 
Gas motorized 

17 750 
50 000 

21 750 
37 500 
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sliding key J, on shaft K, which operates within countershaft is moved into engagement 
with any one of the 3 gears by handwheel L. When the feed shifter L is in its lowest 
notch it gives the fastest feed; second notch is neutral position; third, intermediate feed; 
fourth, another neutral; fifth is the slow feed. The rate of feed is varied at will by slow- 
ing down, and operating the shifter handwheel. Gears give speeds of 200, 400 and 600 rev 
of the spindle per in of feed ; other gears of 50-1300 rev are obtainable. 



llYDR^tTLic FEED IS used almost universally on large drills. In Fig 47, .4 is the hydraulic 
cylinder, li the piston, (’ a hollow piston rod, D pressure- water inlet, E discharge-water outlet, 
1 ami 2 inlet valves, 3 and 4 outlet valve.s Ity opening diagonally opposite vah’es the piston rod is 
nusod ot lowered. This motion is transmitted through roller fiiction head iSf to collar /, which is 
rigidly fastened to hollow drive rod J. J i.s rotated by bevel gear A', driven from the bevel pinion 
T on crankshaft. The dull rods F, pa.ssing thiough J, are gripped by chuck L, being thus rotated 
and fed forward A pressure-gage mea.suies the thrust on the rods. Hydraulic feeds are made also 
wnth 2 cylinders, the jnston rods being yoked together and the drive rod earned in the yoke. Usual 
advance per run with single-cylinder feed is 1 ft: with double-cylinder feed, 2 ft. Both screw and 
hydraulic feeds are mounted on a swiv'el head, which admits boring in any angular direction. 

Differential vs hydraulic feed. Considerable difference of opinum exists os to their relative 
monts For any giv^en setup, screw' feed gives a constant adv.anco and records the varying pressure 
on the bit, thiLs apprising the runner of slight differences in hardness of rock, and of presence of thin 
seams and small crevdoes This information is often invaluable when the core is much broken and 
its record consequently incomplete. But, in strata of frequently varying hardness, it is necessary 
to run through soft strata at reduced speed, so that the bit may not be damaged on meeting a hard 
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fltraiam. With hydratilio feed the pressure is oonstant, and rate of advance varies more or less 
automatically as hardness of the rock varies. Thus, danger to the bit in passing from soft to hard 
rock is lessened. The runner of the hydraulic-feed drill can instantly take advantage of changes in 
the formation, varying the rate of advance, within the limits imposed by the rock, merely by 
turning a valve. Three different speeds are the limit with screw feed, unless gears are changed. 

Hoisting drum. For small drills the drum is driven by gearing from the crankshaft; 
in some machines, 2 or more drum speeds are available by use of shifting gears, which form 
integral parts of engine. For large drills, drum is direct-driven for light loads, but m deep 
holes, when wt of drill rods may be several tons, a compound gear reduction is provided, 
the gears being thrown in by a lever when hoisting, and thrown out during drilling. Small 
belt-driven drills rarely have a hoisting drum, the rods being raised by a rope coiled 
around a niggerhead. 


Table 35. Wire Hoisting Ropes, 6X37 Left-Lay Plow Steel (Sullivan Machinery Co) 


Drill capacity 

Diam of 
rope, in 

Mini- 

mum 

length, 

ft 

Min 
sheave 
diam, in 

Drill capacity 

Diam of 
rope, in 

Mini- 

mum 

length, 

ft 

Min 
sheave 
diam, in 

Depth, j 
ft 

Diam 
hole, in 

Depth, 

ft 

Diam 
bole, in 

400 

1 15/32 

3/8 

100 1 

10 

4 000 

2 63/64 

8/4 

325 

28 

750 

115/32 

3/8 

250 j 

12 

5 500 

2 63/64 

7/8 

325 

30 

1 250 

n /8 

3/8 

260 

12 

1 800 

31/2 

1/2 

430 

22 

2 200 

17/8 

1/2 

150 

16 

2 300 

31/2 

3/8 

1 400 

14 

I 400 

2 23/64 

V2 

150 1 

20 







Pumps for small belt-driven rigs are smgle-cyl, usually 3 by 6 or 4 by 5 in; for larger 
drills, except those driven by steam or air, a 3 by 4-m duplex. For a steam rig, a duplex, 
boiler-foed pump is common; for the hydraulic type of swivel head, a duplex pump is 
essential, to provide a constant flow under steady press. 

Derricks. A tripod derrick serves for holes to say 600 ft; legs are 4 by 6 in by 22 ft, 
to give a 20-ft clearance. For holes to 1 000 ft, legs should be 6 by 6 in; height 30 ft. 
For very deep holes, a steel derrick is preferred (Table 36). A rod length of 40 ft is about 
the max that csm be stood up in derrick without excessive bending; if longer, they should 
be suspended from crabs on a track in the derrick. 

Core splitter. Cores are kept in 
long boxes, marked for future refer- 
ence. After geological examination, 
part of a core may be pulverized for 
chemical analysis. Cores are split by 
chisel and mallet, or by a mechanical 
splitter; one half being taken as the 
sample, the other retained for record. 
A piece of core is placed in splitter 
and the blade screwed down tightly; 
hght taps of a hammer notch core on 
both sides, then a sharp blow splits 
it For cores over 4-in diam, a split- 
ter on the principle of the hydraulic 
jack IS obtainable. 


18. DIAMOND DRILLING OPERATIONS 

Setting up. An area 20-25 ft sq is graded, and drill and pump set on a plank floor. 
For deep holes or light machines, derrick logs rest on the floor, to counteract upward 
pressure when drilling. For shelter: in summer, a canvas fly, in winter, a shanty of wood 
or galvanized iron, which may be sectionalized for moving. To erect a steam rig, with 
3-leg derrick and wooden shanty, easy grading, takes say 100 man-hr, to dismantle, say 
25 man-hr. Underground setups of a small drill can bo made in mine drifts, which 
should be widened to about 7 ft at the drilling place. Rods 1 ft long can be used, but 
5-10-ft lengths save time. 

Drilling under water. Drill is mounted on a scow, anchored to bottom, or supported on spuds. 
If current is too rapid to permit stable setting, a platform is built on piles, or a heavy standpipe is 
driven from the scow, securely guyed, and the drill set on a platform clamped to top of pipe. 
Portable drills are set up by blocWng the front wheels, securing front of drill with guys, and center- 


Table 36. Structural Steel Derricks 


Height, 

ft 

Base, 

ft 

Top, 

ft 

Capac, 

Ib 

Wt, lb 

Cost 

45 

16 

4 

35 000 

4 000 

$ 525 

66 

20 

41/3 

168 000 

10 000 

790 

73 

20 


168 000 

10 700 

850 

80 

20 

5.5 

168 000 

12 930 

920 

87 

20 

“ 

168 000 

14 200 

1 050 

94 

24 

“ 

168 000 

16 100 

!’ 130 

122 

24 

“ 

367 000 

26 300 

1 700 

136 

26 


367 000 ‘ 

1 1 8 000 

2 150 
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ing derrick over the drive rod. Two men can make such a setup in 2 to 4 hr, and dismantle in 
about half that time. 

Sinking standpipe is generally done by wash boring (Art 1). On reaching rock the 
standpipe is chopped or bored in a few inches, to make a tight joint, prevent influx of 
surface material, and insure return of drilling water to the surface. Sinking standpipe is 
an uncertain operation. In soft and medium clays and fine gravels, 10-12 ft per hr is 
not unusual. In bouldery gravel or hardpan, aver speed may be less than 1 in per hr. 
In rock, speed of suikmg standpipe may not exceed drilling rate; in bouldery ground, con- 
siderably less. 

Drilling. Following is the normal sequence of operations : Slide or swing feed mechan- 
ism away from hole. Set safety clamp in position over standpipe. Connect up bit, core 
shell (with core lifter), core barrel, and 1 length of rod, and lower through the safety damp 
until only a few inches project, then grip by the clamps. Screw hoisting swivel into upper 
end of a section of rods, swing rods into place with the hoist and screw them into the rod 
joint projecting from the hole. Loosen the clamp and lower the string on the hoist brake 
until only a few inches pioject from hole. Tighten the safety clamp, and unscrew the 
hoisting swivel. Repeat these operations until within a rod length of bottom. Bring feed 
mechanism back into place. Attach water swivel and lifting bail to the last length, lower 
it through the drive rod, and screw it into place. Run the feed to highest position, and 
tighten the chuck. Loosen safety clamp. Connect water swivel to pump and start the 
pump. Start drill and run downward until pressure shows that bit is against rock. While 
drilling, adjust feed as necessary. When measurement of rod indicates that core barrel 
is full, or laboring of pump and engine suggest that it is blocked by broken pieces of core, 
stop the drill. Keep pump miming until water issuing from hole shows that sludge has 
been well removed. Hoist rods by reversing the operations of lowering. Extract core, and 
place it in core boxes. Change bit often enough to prevent diam of hole from falling below 
gage, and to guard against loss of diamonds from wear of the metal surrounding them. 

Casing or cement grout is used to support 
the w’alls of a drill hole when they cave so 
as to prevent progioss or vitiate samples. 

Casino is flush*joint tubing large enough to 
allow the bit to pass. Table 37 gives usual 
sizes. If hole is continued of same diam below 
the caving ground, it is reamed before casmg 
IS put in. As diamond drill holes are never 
straight, casing is a difficult operation. Cas- 
ing IS usually twisted and driven down. 

Sometimes a “casing bit," set with a few 
diamong chips, is placed on lower end of the 
tubing, which is then operated as m regular drilling. Cement grout is more and more 
used instead of casmg. In badly caving ground the drill is driven as far as is safe, and 
the core and sludge saved. Then the grout is pump^ down the rods or lowered in a bailer. 
After it has set, the resulting “plug" is drilled through, and a deeper section of hole is 
sanqiled and grouted. C^uick setting cements are used. Adding 25% of lumimte cement 
to oidmary cement shortens setting time to about 2 hr. 

( 'ementing is usually cheaper than casing, and allows the hole to be started at a given 
diam without considering possible future support. In shattered ground rods may have 
to bo pulled fretiuently, duo to blocking of core b.arrol. In soft ground, also, if core is 
desired, frcipient withdrawal is necessary or a double core barrel used. In fissured giouiid, 
part or all of the water will be lost. If there is standing water m fissured strata, the sludge 
W'lll deposit in crevices close to the drill, and re-enter the hole when water current stops. 
Hence, water must be pumped through the rods during hoisting, and the rods fiushed 
down in lowering. Brjin, sawdust, iiiamnc, or cement, are pumped down the hole in an 
attempt to stop the crevices. 

Accidents and fishing. Commonest accident is loss or breakage or a diamond. 
Usual mode of lecovery is to send down an old bit, the end of which is filled with wax. 
The diamond imbeds itself in this and is brought t« surface. When the hole can not be 
cleaned to bottom, for using the waxed bit, a lost diamond may sometimes be recovered 
by the bailer. The following device has been used. A screen was placed in top of core 
barrel and a screen clack valve sot in an old bit, which was screwed to bottorn of barrel. 
The rods were lowered through a stuffing box and water current reveised. Sludge con- 
taining the lost diamond was washed into the core barrel and held between the two 
screens. In Fig 48, A is a casing tap for screwing on casmg or rods; B and F, male and 
female taper taps for recovering rods: C and D, for rod couplings; F , (7, combination 
spear to recover rods or couplings: 


Table 37. Flush-coupled Casing 


Size 

Outside 
diam, m 

Inside diam, in 

Wt, lb 
per ft 
with 
coupling 

Casing 

Coupling 

EX 
AX 
BX 1 
NX 

1 13/16 
21/4 

2 7/8 
31/2 

16/8 

2 

2 16/32 

3 1 /ie 

1 1/2 

1 19/32 

2 3/8 

3 

1 81 

2 91 

5 74 

7 8 
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Parting of rods in a hole, may be due to fracture, stripping of threads, or unscrewing. If they 
become unscrewed, it is usually a simple matter to screw them together again. When threads 
strip or rods break, a recovery tap (threaded inside or outside according to nature of the break) 
is lowered on a line of rods and manipulated until it engages the broken part Casing breaks are 
similarly treated Jamming of rods may be due to caving, to a mud rush, to working with worn 
bit, or to too little clearance between rods and casing. A caving hole usually gives some warning, 
but casing or grouting is often neglected in the haste for progress Jamming from a sudden cave 
can sometimes be averted by reversing and running back the feed without stopping the engine, 
meantime pumping more water. A mud rush wall not often occur while pump is running. If the 
pump is started before lowering the rods to the bottom, and kept running while hoisting until the 
rods are above danger zone, jamming will not occur. Pulling jammed rods, when powerful jacks 
are necessary, elongates the rods, with consequent weakening, and the threads may be stripped. 

Loss of bit, due to breakage below core barrel, is a baffling and serious accident. If 
possible, the bit is picked up by a recovery tap. Difficulty in using a tap is that the bit 
may lie on its side; furthermore, it offers little resistance to turning, and may turn with 



Fig 48. Diamond-drill Fishing Tools (Sullivan Machy Co) 


the tap. Bits have been recovered by reaming the hole to a size allowing use of a bit 
large enough to make a core containing the lost bit. If the bit cannot be lecovcied, the 
hole is diverted at some distance above it and continued (Art 12). Loss of tune due to 
accidents is often a serious factor m drilling. 

Operating crew of a diamond drill consists of a runner and one or more helpers. The 
runner should be a good mechanic and repair man, besides being experienced in drilling. 
By observing behavior of engine, pump, and rods, a good runner can learn much about 
character of the ground being drilled. This knowledge is valualile as added to the t(‘s- 
timony of core and .sludge, and furnishing a warning of possible trouble in the hole. 
Many operators will not entrust the running of an hydraulic-feed machine to a runner 
who has not had 2 or 3 years’ experience as helper on a similar drill, nor give a man 
work on a deep hole unless he has had experience with shallow ones. In general, h'ss 
experience is required of runners for screw-feed machines. The helper is fireman and 
assists the runner in handling rods. A skilled bit .setter is usually required, who may 
act as foreman for as many drills as he can set bits for. 

A group of drills will require a general foreman. Team and driver are needed for part or all the 
time, to haul fuel, attend to water supply, and help m moving Wages for a runner are usually 
slightly higher than miners’ wages in a given district. Helper is paid usual helper’s wages of the 
district. Bit setter is paid the same or a little more than the runner, minimum wages being $200 to 
$250 per month. Diamond drill manufacturers have lists of experienced runners and bit setters 
available for work. These men are paid traveling and living expenses besides regular wages. 

Quantity of water per day depends upon: size of drill; boiler consumption; diam and 
depth of hole; sp gr of sludge; whether rock is hard or soft; whether hole leaks or is tight; 
and water is saved and reused. Loss of water varies greatly m shattered formations. If 
no water channels are cut in bit and core barrel, the max size of particle that can pass 
upward has a diam equal to clearance of the outside diamonds; with water channels, size 
of particle is determined by clearance between rods and walls of hole. A rising current 
of 12-18 in per sec is usually sufficient, except for very heavy material, as magnetite or 
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galena. Quantity of water to produce desired veloc Table 38. Vol of Water Re- 
varies with diam of hole and rods (Table 38). With quired to Produce a Veloc of 
this rising current, the veloc in the small space around 1.5 ft per sec 

the core is much higher, sometimes causing so great a (E. J. Longyear Co) 

loss of core in soft rocks that veloc must be reduced. In 
general, much water means rapid drilling and low core 
recovery; little water increases core recovery at expense 
of progress, and too little may result in a burned bit. If 
the hole is tight and nearly all the water pumped down 
returns to surface, the overflow from sludge box can bo 
reused ; loss of water is then about 25% ; reused water 
must be freed from oil. Measurements at 3 drill holes, 
where all return water was saved, show that 76-80 gal per 
hr were used; holes, 1.5 in, cores 7/3 in. Drilling a 3-in 
hole and recovering 2 -iri core in broken formation when 
prospecting for coal, required 305 gal of water per hr; 
in fairly deep drilling, 105-123 gal per hr may be 
used. 

19. TIME DISTRIBUTION IN DIAMOND DRILLING 

Table 39. Approx Time Time effic, the percentage of total working time spent in 
for Hoisting and Lowering actual drilling, rarely exceeds 60%, and depends on depth 
Rods (E. J. Longyear ( o.) and character of overburden, time for hoisting and lowering 
rods, and delays (Table 39). Time for handling rods de- 
pends on depth of hole, and length of rod sections between 
breaks. Number of lifts depends on nature of ground, 
kind of bit, and kind and length of core barrel. Uniform 
rock sometimes cores the full length of barrel, in broken 
ground, cores break up and tend to jam in the barrel or be 
lost. Double core barrels (Art 17) tend to overcome this 
difficulty. A solid bit needs to be raised only to change it. 
Table 40 shows distribution of delays in 1 200 shifts at 
United Verde mine (50). Due to 8 -hr law, 1 hr aver was 
taken for traveling to working place and return, adding 
0 .") hr for lunch loft 6.5 hr. Actual drilling time, 68 . 88 % of 
total time. 


In drilling 10 192 ft (17 angle holes) in alxnit 12 months (Lupa gold field), most of the 
work was in sheared rocks (Table 41). Cores were EX (7/g in). Time for lowering and 
raising rods, removing cores and incidental work is included with EX drilling time. 
Progress was considerably delayed by frequent pulling of the rods, due to core-blocked 
bits and barrels (51). 


Table 41. Time Distribution in Diamond 
Drilling (51) 


Operation 

Hours 

Percent 

Churn drilling near surface. 

no 0 

2 5 

Drilling, AX casing bits 

150 5 

3 2 

Drilling, EX bits 

3 444 7 

74 2 

Drilling, AX bits 

14 0 

0 3 

Total actual drilling . . 

3 719 2 

80 2 

Moving and setting up 

279 5 

6 0 

Repairing machinery. . . 

114 5 

2 4 

Delay, lack of water. . . 

27 5 

0 6 

Cementing ... ... 

225 0 

4 8 

Inclination tests. . 

137 5 

2 9 

Fishing for lost bits 

9 0 

0.2 

Reaming undersized hole . . | 

9 0 

0 2 

Changing water pump 

12 0 

0.3 

Fishing for lost core 

17 0 

0 4 

Installed lighting plant ... 

4.0 

0.1 

Reaming EX casing . 

67 0 

1.4 

Threading pipe ... 

4 5 

0 I 

Laying water line . 

4 0 

0 1 

General 

14 5 

0 3 

Total. 

4 644 2 

too 0 


Table 40. Delays in Diamond 
Drilling (50^ 


Cause of delay 

Percent 
of tot.il 
working 
tune 

Moving 

17 02 

Cementing . 

3 55 

Iteaming . . 

0 56 

Casing ground 

0 73 

Fishing, rods or bits. . 

0 94 

Repairs 

1 54 

Hits 

1 25 

Air and water . . . 

1 73 

Supplies . .... 

0 89 

Surveying holes . . . 

0 36 

Mine department 

1 46 

Drill and equipment . 

1 09 

Total . . 

, . 31 12 
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In 3 deep holes in So Africa, ratio of actual drilling days to total elapsed time was: 
7 408-ft hole. 60%; 7 770-ft, 43.6%; 10 718-ft, 70.7%. Cores: 1 s/s, 21/2 and 1 s/g in 
respectively. 

Table 42 . Underground Diamond Drilling, El Potosl Mine (H. A. Walker) 


Type of drill 

Drilling 
tune, mm 
per ft 

Percent of total time 

Actual 

drilling 

Placing 

rods 

Handling 

core 

Coming, 
going 
and lunch 

Delays 

Small electric 

7 3 

42 4 

10.0 

18 8 

18 8 

10 

Small air 

7 3 

36 0 

8 0 

27 2 

18 8 

10 

All small drills 

7 3 

40 8 

9 5 

20 9 

18.8 

10, 

Large 1 1 SE elec 

7.8 

46 4 

8 1 

16 7 

18 8 

10 

Large 6 UGE elec. . 

7 6 

50 1 

8 0 

13 I 

18.8 

10 

Large air 

7 2 

49.3 

8 0 

13 9 

18 8 

10 

All large drills 

7 5 

48 6 

8 0 

14 6 

18 8 

10 


Table 42 shows results at El Potosl mine, Mex, from Oct 18, 1934, to Mch 16, 1935, 
with 4 small machines, capac 250 ft, and 3 larger drills of 700 ft capac. The expected 
performance, ft per shift, is higher than any past averages, but in drilling limestone, under 
proper power supply conditions, these figures are attainable. Number of ft drilled each 
time the rods were lowered is assumed as 8 for the small machines and 14 for the large. 
Using 5- and 10-ft rods should give 62% theoretical core recovery for the small drills and 
71% for the large. 


20. DIAMONDS, BIT-SETTING, AND LOSS OF CARBONS 

Diamonds are of 3 classes: white or slightly tinted crystalline brilliant, less pure crys- 
talline form, known in trade as “bort” or “bortz”; and the opaque, somewhat porous 
“carbonado” or black diamond, composed of very small diamond crystals in amorphous 
carbon or graphite, known as “carbon.” The white diamond, and similar but imperfect 
bort, have cleavages along which they can be split, and when cut they refract light bril- 
liantly. Carbon is black, grayish black, or tinged green or brownish. A fresh fracture 
resembles broken steel. C. E. Wooddell gives a modified Mohs’ scale of hardness 
(Table 43). 


Table 43. Modified Mohs’ Scale for Different Substances (47) 


South American brown 


South American carbon 

9 82 

Fused alumina (3 14',o 


bort ... 

10 00 

Boron carbide . 

9 32 

T 1 U 2 ) 

9 06 

South American ballas 

9 99 

Sihcon carbide, black . 

1 9 15 

African crystallized co- 


Belgian Congo, yellow 

9 96 

Silicon carbide, green 

9 13 

rundum 

6 00 

Belgian Congo, white . . 

9 95 

Tungsten carbide (13% 


Quartz 

8 94 

Belgian Congo, gray opal 

9 89 

C) 

9 09 

1 



Table 44. Prices per Carat of Carbon 
and Bort (Diamond Drill Carbon Co) 


Year 

Best 

quality 

carbons, 

2 carats 
and over 

Best 
quality 
small bort, 
of 0 05-0.20 
carat 

Fair 

quality 

bort 

1932 

1933 

1934 

1935 

1936 

1937 

$130-120 
115- 70 
115- 90 

no 

70- 65 
70- 65 i 

$6 50-7 50 

6 50-7 50 

7 50-8 50 
7.50-8 50 
7.50 

7 50 i 

From $3 
to $7 per 
carat, 
depending 
on 

quality 


The scale shows carbons to be below dia- 
monds in hardness, but hardness should not 
be confused with toughness. White diamond 
or bort is commonly a single crystal, except 
“ballas,” in which crystallization starts from 
a central point, making the stone practically 
impossible to cut; fit for drill bits, but very 
scarce. Bort splits readily along 3 planes, 
and IS more brittle than carbon. Carbon has 
no cleavage, hence is less liable to break in 
hard rock. Selection of good stones re<iuircs 
experience, lacking which, an engineer should 
buy through a reliable dealer or diamond-drill 
manufacturer. 


Bit-setting is a delicate and important operation. Diamonds must have such clear- 
ance that the metal of the bit will not come in contact with the rock, and must “cover” 
one another, so that no part of the area to be cut will fail to be touched by a diamond at 
each reV of bit. It was formerly common practice to use a few carbons of large size. 
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For softer rocks, a square shoulder bit (see Fig 44C) might contain: 8 stones, totaling 
12-16 carats, and 4 l-carat stones, in the iron regions, 6 or 7 stones aggregating 14 carats, 
to 16 stones totaling 18-30 carats. Later, the round shoulder bit was developed 
(Fig 44^1, B), with more and smaller stones, equalizing wear and increasing drilling 
speed (48). As largo carbons are now more costly, the use of smaller sizes, 5-20 per carat, 
and also of scrap carbon, is increasing. In one type of bit, the number of stones recom- 
mended is: EX bit, 50; AX, 60; BX, 80; NX bit, 100. Stones, when set, should project 
about 1/64 in beyond the metal of the bit. Soft rocks reijuiie larger clearance for good 
core recoveiy and to prevent “plugging” or sticking. Cavities cut in the bit are shaped 
for the individual stones, which are seated with a backing of Babbitt metal or copper, 
carefully tamped around the stone with hammer and punch. Stones are so set that their 
cutting surfaces slope away from the direction of rotation. Setting a large number of 
stones involves so much labor that various mechanically-made bits have been developed. 
In the “(Jastset” bib (Fig 44//) the stones are placed in a mould and molten bit-metal 
is poured around them. In the Kobelitc bit (Fig 44/>} the stones are set in a metal pow- 
der, pressed or sintered into disks or stiips, brazed onto the bit (49) , 200 or more stones 
may be set m this recommended bit. In the “S. A. Produits Boart,” 30-40 carats of bort 
are crushed to a powder and mixed with a metal powder, as iron, formed into a ring and 
sintered, the iing being soldered to face of bit '^i'he ahiasive ring is about 3/g m thick, 
and tiie bit can be used until most of the ring is w'orn away. 

d'ests have shown: that drilling effic increases with rotative speed, but diamond wear 
reaches a max at about 1 000 rpm, that costs for bits change little between 450 and 1 500 
rpm, but aie considerably higher above and below these limits, that bits with 40 stones 
give minimum cost at about 740 rpm, and those with 70 stones at 1 000 rpm; that a bit 
with 100 stones cuts 50% faster, and has 57% greater durability than a 40-stone bit. 
Thus, most efhc drilling is with bits set with many small stones and run at high speed (49). 

Diamond wear dojiends on hardness of rock, cleavage of minerals composing the rock, 
shafxi and quality of diamonds, mode of setting and size of bit, and skill and care of 
runner. Hard, bioken and faulted rock is dillicult to drill and diamond los.s is high. 
Runner’s lack of skill and care increases breakage and loss of diamonds, rather than wear. 
In starting a new bit, it should begin lotation a few feet above bottom of hole, and then 
bo fed slowly down to contact with the rock, to seat itself jiroperly, without causing side 
pressure on outer diamonds. Inferior carbons and bort will serve for soft rock and cost 
less, but if used in hard rock, rotative spetni must be slow to avoid undue breakage (53). 
Drilling m ground varying from soft schist to massive sulphide, with EX and AX bits, 
containing 120 l.“)0 boit stones of aliout 20 iier carat, loss was .02-. 10 carat per ft of hole. 
In South Africa goldfield.s, in sheai zones of fractured rock containing bodies of quartz and 
intrusive dikes, the size of boit vaiied fiom 6 to 15 stones per carat for face of bit; total 
numbei, 45 60 per bit, aver .048 carat per 
ft, m dulling 10 000 ft of hole Table 45 shows 
loss of duimoiuN 111 (lilTereiit rocks, with bits hav- 
ing 10 cariuuis totalling 15 -20 carats, to GO stones 
totalling 12 caiats. Bort bits usually had 25 
stones of 0 25-0 5 carat each, for outer or gage 
stones, and about 75 stones, of 0.060 to 0,1 
carat, for face (“track”) atones (50). 

At Bunker Hill and Sullivan mine, Idaho, 
a light Mitchell drill for I ^/g-in hole and 
7/8-111 core is us<*d l>oth on surface and under- 
ground (52). Aver depth of 35 holes, 195 ft. 

Ground is tilted quartzito beds, but drills 
fairly well unless sheared and faulted. Bits 
contain about 40 stones, totalling 6.4-8.75 car- 
ats (Table 46). 


Table 46. Carbon Consumption, Bunker Hill and Sullivan Mine (52) 


i 

No of 
bits 

Vver ft 
per bit 

Carats per bit 

Total 

Carale 

boss, carats 

Percent 

loss 

|. . 

Carbon 
coat per ft 

Hange 

Avon 

Total 

Per ft 

10 

14 6 

6 -6 4 

6 233 

62 33 

18 6107 

0 1275 

29 85 

$0.9562 

9 

15 0 

6.61-6 8 

6 665 

59 99 

20 9207 

0 155 

34.87 

1 1625 

22 

19.45 

6 81-7.0 

6 904 

151 89 

34 6724 

0 OBIOI 

22 83 

0 6076 

n 

21 27 

7.21-7 4 

7 289 

80 18 

13 9540 

0.05963 

17 40 

0.4472 

M 

21.43 

7 41-7 6 

7.480 

104 74 

19.4623 

0 06487 

18 58 

0.4865 

16 

20 69 

7 81-8 

7 872 

125 95 

21. 102 

0 06375 

16 75 

0 4781 


Table 45. Wear on Bits in Various 
Rocks (50) 


Kind of rock 

Loss per 
ft, carats 

Black adust 

0 002607 

Massive sulphide 

004320 

Hard massive Bulphide. 

.010244 

Qviartz porphyry 

004009 

Hard quartz porphyry. . . . 

009928 

Bedded sediments . . 

001 167 

Dionte. . . 

.003505 

Hard dionte 

.014781 

Gnvnatone 

.002497 

Hard greenstone 

.005757 

Quartz 

032585 
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21. EECOVERY OF CORE 

Core recovery may reach 100% in hard uniform rocks. It is lowest in loose, soft, 
cleavable and broken rocks, where, unless the drill is run almost dry, and rods are raised 
every few inches, recovery may not be more than 10%. Vibration of rods causes low 
recovery. For good recovery in hard rock the diill should be run with low speed and 
heavy press; in soft rock, the reverse. Recovery is invariably less in upper than in lower 
portion of holes, due to decomposed rock near surface. 


Size of hole is detei mined by 
the depth to be bored, and purpose 
of hole. To olitain a coie in soft, 
fiiable mineials, as coal and salt, 
the inside diain of bit should not 
he less than 2 in. For haid rook 
or oie, a to 1 Vs-in coie 

is huge enough If the stratum 
or orebody to be sampled lies deeply, the hole muNt be bi^gun larger than this for laiger 
and stronger rods, and to give room for casing without exoes'tue reaming, should casing 
be necessary. At United Verde mine, Ariz (Table 48U holes were 23-2 200 ft deep. 79% 
from 5° below horiz to 12° above, 84%, from E to AX size, 14%, AX to X, and 2%, N 
size or larger (50). In the Lupa goldfield, So Afiica, (Talde 41), (‘ore recovery for 0 702 ft 
of EX hole, including 50 ft of surface weathered rock, w^as 02 5%.; excluding weathered 
rock, 95%. In deep holes on the Witwatoisiand (7 400-10 718 ft), core recoveries were 
92 and 97.3% for 1 i/s-m core, 90.4% for 2 i/s-m core. 


Table 48. Core Recovery at 
United Verde Mine (50) 


Kind of rock 

Percent 
rcco\ cry 

Black schist . . . 

85 5 

Quartz porphyry . . . . 

88 8 

Hard quartz porphyry 

94 0 

Diorite 

87 8 

Greenstone. . 

79 2 

Hard greenstone 

87 1 

Mas8i\ e sulphide 

93 6 

Hard massive sulphide 

95 3 

Quartz 

88 3 


Table 47. Core Recoveries (E. J. Longyear Co) 


Location 

Kind of rock 

Core 
recov- 
ered, % 

Arizona 

Monzonite . . 

33 5 


Quartz porphyry . 
Breccia and andc- 

48 4 


site 

54 1 

Alabama 

Coal 

94 8 

Michigan 

Trap, conglomerate 



and amygdaloid 

66 4 


Sandstone. 

18 8 

Menominee 1 

Slate 

36 0 

Range 1- Mich 

Iron formation 

16 i 

Gogebic Range 1 

“ 

28 6 

Mesabi Rangel 

“ " ... 

42 9 

Cuyuna Range ) ‘ 

“ “ 

19 9 

Wisconsin. 

Granite 

83 5 

New York 

Shaly limestone. . . 

69 1 

Kentucky .... . . 

Limestone 

60 5 

Cuba 

Schist 

23 7 

Cuba 

Pyrite , . 

80 3 


22. SPEED AND COST OF DIAMOND DRILLING 


Speed is affected by kind of rock and surfaiie coveiing, dc])th, direction, and situation 
of hole; quantity of water in hole, kind of dull, fittings, and a(*cessoiy uutlit, cou‘ letpiiie- 
ments; labor, climate, and continuity of w(.>rk, percentage of delays Rate of advance is 

higher in uniform rock than m 
Table 49. Progress in Diamond Drilling from Surface alternating haid and soft strata; 

(E. J. Longyear Co) shatteied and fis.MUied 

rocks. Hard uniform rocks that 
core well drill faster than soft 
rocks which guild up m the core 
barrel. Caving decreases spe<‘d. 
With proportionate increase m 
weathered surface covering, there 
is usually a fairly con.sistent 
decrease in speed and increase 
in delays; bouldery formations 
also decrease speed. Since many 
factors affect drilling rate, a 
complete record of each case is 
needed fully to interpret lesults, 
there is great difference between 
actual and overall drilling rate. 


No of holes 

Depth of 
holes, ft 

Progress 
per shift, ft 

While 

drilling 

Overall 

6 

in limestone 

200-1 000 

28 6 

17 2 

4 

“ shale 

I 000 

33. 1 

21 1 

6 

“ iron formation 

I 200 

to 1 

7 2 

3 

“ gypsum 

1 000 

22 6 

13 3 

4 

“ clay 

300 

23 0 

16 i 

5 

“ traprock 

1 200 

12 2 

9 3 

4 

“ norite 

1 000 

18 4 

12 6 

2 

“ serpentine 

300 

21 4 

14 3 

5 

“ basalt and granite. . 

1 000 

9 1 

6 2 

6 

" porphyry. . 

600-2 000 

9 0 

6 2 
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Table 49 includes contracts on which steam drills were used ; more modern gasolene, air 
or elec drills give higher speeds; 40-70 ft per 8-hr shift underground is not uncommon. 
Gasolene surface drills, with their high rotative speed and freedom from delays, make 
old drilling rates practically obsolete. 


Table 60. Typical Diamond Drill Costs per Ft 


Matenal 


e 

S 

0 

s 

0 

S 

a 

0 

S 

i 

i 

a 

0 

S 

s> 

ii'a 

-1 
■% S' 

b 

0 


el 

O 

S 

c 

a 

a 

a 

a 

ed 

C 

0 



Iron 

foriE 

Core diam, in 

3 

2 

7/8 

7/8 

7/8 

7/8 

1 1/8 

1 1/8 

7/8 

1 1/8 

1 1/8 

Aver (ioptli, ft ... 

250 

225 





1 450 

1000 



1 090 

Total footage 

54 000 

4 300 

4 800 

3000 

11000 

95 000 

2 895 



7 200 

2 200 

Labor 

$0 45 

$0 72 

$0 86 

$0 64 

$0 40 

$0 30 

$0 82 

$0 90 

$0 97 

$1 64 

$l 30 

SuppliC'^ 

0 22 

0 37 

0 24 

0 15 

0 14 

0 03 

0 24 

0 04 

0 18 

0 38 

0 50 

Power 

0 08 

0 00 

0 05 

0 04 

0 03 

0 06 

0 07 

0 22 

0 02 

0 00 

0 10 

Freight, etc 

0 08 

0 07 

0 10 

0 36 

; 0 02 

0 06 

0 21 

0 00 

0 00 

0 16 

0 08 

Mihcellaneous 

0 18 

0 20 

0 13 

0 06 

0 01 

0 04 

0 10 

0 25 

0 17 

0 12 

0 13 

Insurance . ! 

0 07 

0 03 

0 18 

0 01 

0 01 

0 00 

0 01 

0 00 

0 05 

0 11 j 

0 18 

Dianioi ds 

0 03 

0 20 

0 16 

0 05 

! 0 18 

0 17 

0 10 

0 12 

0 40 

1 07 

0 60 

Total i 

$1 It 

1 $1 59 

$1 72 

$1 31 

$0 79 

$0 66 

! $1 55 

$1 53 

$1 79 

$3 48 i 

$2 89 

Material 

1 

CJ I 

s-c 

S 

S ^ 

s ^ 

a? ^ 

li 

r/i 

0 

"55 

Schist 

2 
■*:? c 

2 “ 

G(;ld. 

Alaska 

Shale 

a 

3 

& 

0 

0 

Asbestos 

Cure diam, in 

Vs 

7/8 

7/8 

1 1/8 

7/8 

7/8 


2 

2 

3 

11/8 

^ver dei)th, ft 

700 


800 

2 300 





625 

1 100 


Tut.il foot igc 

80 000 

45 100 

28000 

2 300 

2 000 


3 050 

2 950 

4 350 


6 550 

bailor 

*$0' 16 

’$6 22' 

'$0 54’ 

$0'~64 

$0 70 

$0 75 

$0 80 

$0 71 

$0 57 

~$1 28 

$0 98 

Supplies 

0 04 

0 06 

0 13 

0 16 

0 17 

0 12 

0 08 

0 13 

0 39 

0 48 

0 18 

Powi r 

0 02 

0 06 

0 08 

0 04 

0 03 

0 06 

0 21 


0 05 



Freight, etc 

0 00 

0 00 

0 00 

0 36 

0 11 

0 02 

0 00 

0 39 

0 13 

0 15 

0 22 

Mlbiell .ueuus 

0 Oo 

0 05 

0 00 

0 03 

0 08 

0 10 

0 01 

0 04 

0 07 

0 03 

0 03 

h.suraiu e 

0 00 

0 00 

0 03 

0 01 

0 08 

0 06 

0 00 

0 03 

0 03 

0 07 

0 03 

Diamonds 

0 14 

0 11 

0 26 

0 05 

0 48 

0 19 

0 64 

0 06 

0 33 

0 47 

0 39 

T otal 

W42 

$0 50 

$1 04 

$1 29 

$1 65 

$1 30 

$I 74 

$1 36 

$1 57 

$2 48 

$1 83 


Uotween the hori/ and vert, the inclination of the hole has little effect on speed. In 
the same ioiination, holes pointing upward drill slow'er than those pointing downward, 
because of the awkwanlnejjs of ai rangeinents at mouth of hole. Occurrence of much water 
in such a hole adds to mcoinenience in drilling, and tends to retard progress. 

^\ hetliei the dull is NNoiking underground or on suiface makes no appreciable differ- 
ence in speed, oik’o the dull is set up Moving is usually more difficult underground, but 
the moves aie likely to be shorter and seveial holes are often drilled from one setup. 
Holes didled fiom sco^^s into siibagiieous stiata always advance more slowdy than those 
in simil.ii formations wdiere the drill can be sot ui> fiimly. Hate of advance per drilling hr 
increa'^es w'lth size of dull. But, lute per working hr may be greater with a light than a 
heavy dull, when holes are shallow and moves freipieiit. 

In nick which cores well, the longer the core band used the faster the advance. In 
soft f liable rocks, if high coie lecovery is essential, use of double core barrel will increase 
speed, d'aking cores 2 in and smaller, size of coie has no appieciable effect on speed, 
proMded drill is not w'orking lieyond its rated capacity. Larger holes will drill more 
slowly. Holes drilled with a solid bit advance faster than those with an annular bit, 
unless the hole is of huge diam. Best quality of carbons, well set, gives fastest progress. 

Holes drilled by contract usually sliow higher speeiis than those on company account, imless 
great dilhculties are met and contiactoi can not hnance added expense. Bonus system is some- 
times successful. The dangei in contract and bonus ay.^tems is that unless a muiinium percentage 
of coic recovery is stipulated inoiea.sed speed may be gamed at expense of core recovery. Unfavor- 
able climate, cold or tropical, retards drilling. Drilling 24 hr per day usually gives a greater speed 
per working hr than one-shift work. In the latter, time is wasted in starting up, and usually also 
at end of shift, due to fact that it is unsafe to leave the drill with the rods in the ground (see also? 
Prospecting, bee 10), 
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Drilling at Phelps Dodge United Verde Mine. Most diamond drilling is short^ 
hole*’ work, 100-600 ft deep, for delimiting known ore areas, prospecting stope walls, 
determining structure or geological formation, and to aid locating development headings. 
Occasional long holes, 1 000-2 200 ft, are drilled for prospiecting outlying ore areas. 
Ground drilled varies from soft chlorite schist and metamorphosed quartz porploTy to 
hard rhyolite-porphyry, diorite and massive pyrite carrying quartz and jasper; highest 
speeds are in massive sulphide ores. A Boyle BBU drill is used for shoit holes, with E 
bits; Longyear UG drill, in harder ground, for depths of 200-1 000 ft; Sullivan C hydrau- 
lic drill, for deeper holes. The EvS ^/le-in bit is used where depth requires surveying, 
and 1 7/8-in bit for holes that may require grouting or casing. A Wright bore-hole sur- 
veying instrument is used for holes over 500 ft deep, to check deviation in beaiing and 
inclination. Core boxes with corrugated i*emovable metal trays carry core to the diamond 
drill shop. Representative sections of core from holes of particular interest are kept as 
a permanent record; otherwise, the entire core is sent to assay office; part of the pulp is 
saved for future analysis. 

Max footage at United Verde (1930) was 33 376 ft, by 5 to 6 drill crews, 1 foreman and 2 bit 

setters. Present work is done by 1 crew, with fore- 
man who sets bits and supervises other work In holes 
averaging 250 ft, footage is 40 ft per shift in aver 
schist or porphyry, and 25 ft in hard sulphide. For 
1 500-ft holes, with setups permitting 20-ft changes 
of rods, footage is 10 ft per shift. Bort is generally 
used in all kinds of ground, carbons sometime.s for 
outer (“gage”) atones in broken quartz or siliceous 
sulphide. Bort loss, 0 02-0.1 carat per ft Cutting 
edges of bits are rounded and set with bort averag- 
ing 20 stones per carat. The E bit (1 in) aver- 
ages 120 stones and requires 7 hr for setting, the ES 
(1 9 /i 6 m) bit usually has 100 stones, 6 hr for setting, 
the A (17/8 in) bit takes 150 stones and 9 hr aver 
for setting Recovery of stones from used bits, aver 
50%. Costs in Table 5l are direct only, not includ- 
ing cost of cutting stations or overhead Wages 
runner $6 95, helper $.3.67 per shift About 60% of 
foreman’s time wa.s charged to drilling. 

Note. — Total carbon loss for above holes, .031 carat per ft, max in any month, .098 carat. 

Drilling in Lupa Goldfield, Tanganyika, Africa. About 10 000 ft of hole were bored in 1 year 
As water w’as unfit for boilers, Longyear UG-A screw-feed drill with Ford motor was used, rated 
capac, 1 100 ft of EX hole. Water pumped, 3 000 gal per hr. Total equipment cost, including 
rods, casing, bits, core barrels and fishing tools, was about $12 500, fob North Bay, Canada. 
Wages, bit setter, $275 per month, and drill lunner, $200, both plus expenses, native helpers, 
$2.50-$4.50 per month, plus food; 2 8-hr shifts, 6 days per week, with 1 driller and 3 helpers In 
1 year (1934-35), 17 angle hcdes totaling 10 192 ft were bored by contract, on a cost-plus- 15% basis, 
the company furnishing equipment Rocks drilled weathered, 4 4%, dionte, 55 2%, sheared 
rocks, 30.5%: aplite and diabase dikes, 7.1%, granite, 1 9%, quartz veins, 0 9Vc-- For core 
recovery, see Ait 20. Holes were 120-1 325 ft deep. Drilling wa.s delayed considerably by core- 
blook^d bits and barrels, due to- fractured rock, small angle of intersection of holes with joint or 
bedding planes, fragments of rock falling to bottom of hole, and crooked core band Bits had 
12-16 bort outside, and 10-14 in.side, 6-8 stones per carat, face of bit, 22 -30 stone-s, 10 -15 per caiat. 
Reaming shells had 3 rows of 12 stones each, increasing slightly in clearance in each row, and 
averaging 3 or 4 per carat. EX bits averaged 54.8 ft of hole per bit; AX casing bits, 6 6 ft, AX 
steel-set casing bits (hard cutting teeth), 6.3 ft; EX reaming shells, 600 ft per shell. Aver diamond 
loss, 0.048 carat per ft, cost $0,335. Holes surveyed by hydrofluoric acid method (Art 24) every 
50 ft; aver deflection m 600-ft holes, 1° per 100 ft. Costs, including wages and living expense of 
drillers, diamond loss, gasolene, oil, native wages and food, general supplies, and office expenses, 
were $1,837 per ft, to which add $1 938 to cover 50% of plant, traveling expense of crew from 
Canada and return, transport of machinery, insurance, housing, machine shop and a 15% local 
operating fee; total cost per ft, $3,775 (51). 

Drilling at Noranda Mines, Canada. E rods are used for holes to 1 000 ft, with spaco 
for 5-ft pulls to 200 ft, 10-ft up 600 ft, and 20-ft pulls for greater depths. Drill is a Long- 
year UG; rods, 5 and 10 ft long; reamer, 2.5 in long, outside diam in; double-tulie core 
barrels, 5, 7 and 10 ft long; diam of core, in; core recovery, 97%. As drilling was 
not on contract, more stress was laid on core recovery than speed. Four machines drill- 
ing in massive sulphide, rhyolite and diabase during 1937, averaged 21 ft per 8-hr shift, 
including time for moving and setting up; aver depth of holes, 250 ft; max speed, 60 ft in 
an 8-hr shift. Wages: runners, per hr; helpers, 50^. Estimateil cost per ft during 
one year: material (mostly parts), 18^; labor, including setting bits, 80^i; bort and carbons, 


Table 61. Cost of Drilling 6 922 Ft of 
Hole in 1937, United Verde Mine 


Labor ... 

$0 82 

Carbon 

0 31 

Supplies . . . ... 

0 02 

Compressed air and water 

0 02 

Miscellaneous . 

0 02 

Total 

$1.19 

Number of holes 

58 

Aver depth, ft . . 

119 

Max depth, ft 

507 

Ground classification: 


Hard siliceous sulphide. . . 

6 3% 

Aver sulphide 

31 9 

Schist. . . 

27 5 

Porphyry and dionte 

34 3 
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23jf; overhead, including compressed air, 31j!f; total, $1.52. Bits set with bort, 12-15 
stones per carat, reamers, with carbons of 0.25-0.5 carat each. For special work a Long- 
year Prospector Drill was used, with 5-ft rods, 1 i/ie in outside diam; reamers, 1 l/g in long, 
outside diam, 15/64 in; bit 7/g in long, ^/g-m inside diam; core barrel, 5 ft; diam of core, 
5/8-in; core recovery, 97%. Drilling speeds for 4 000 ft averaged 25 ft per 8-hr shift; 
max footage, 40 ft. Costs not available. 

Witwatersrand, So Africa. Table 52 gives details of the deepest holes yet bored by 
diamond drill (contract costs from Sullivan Mach’y Co, So Af). In other deep holes, in the 
Far East Rand Areas, the formations comprised about 700 ft of dolerite, sandstones and 
shales, followed by dolomite, amygdaloidal diabase, quartzites, volcanic breccia and hard 
slates, each sometimes of great thickness but flat dip. Sullivan N and P drills were used, 
with GO-ft derricks, 3 8-hr shifts, 6 days a week. Holes were started vertically with 3-in 
bits, casing, 2 inside diam; then 2.25-m to 2 000-3 (X)0 ft and 1 ^/g in to 5 000 ft. 
Speeds varied greatly: in dolerite, max for 24 hr, 149-186 ft, max for 1 month, m dolerite, 
quartzite, shale and breccia, 1 295-1 357 ft, for 1 year, with 4 machines, 4 925 ft, 1.5-in 
holes (54). 

Table 52. Costs of 3 Deep Diamond Drill Holes, Witwatersrand, So Africa 

(J. A. Wood burn) 



Nigel 

Dooriikop 

Gerhard- 

ZHinno* 


Nigel 

Doornkop 

Gerliard- 

minne- 

bron 


Reef 

No 46 

bron 


Reef 

No 46 

Type of drill 

{a) 

(0) 

(b) 

Setting up eiiuipment 

$ 0 35 

$ 0 50 

$ 0 31 

Geologic section, ft (c): 




Fuel. 

1 25 

1 83 

1 25 

Dolomite 

300 


4 188 

Transport 

0 54 

0 50 

0 31 

Quartzite 


5600 

5712 

Water supply 

0 44 

0 48 

0 42 

Diabase 

900 



I.abor 

4 81 

5 31 

4 95 

Witwatersrand series 

6 208 

2 170 

818 

Carbon and bort . . 

I 87 

2 21 

1 73 

Total depth, ft 

7 408 

! 7 770 

! 10 718 

Bits, core-barrels, shelb 

0 86 

0 83 

0 60 


Oils and supplies 

0 38 

1 0 SB 

0 31 

Tune analysis, days 




Repairs, general 

0 48 

1 % 

0 21 

Setting up 

17 

29 

41 

Renewals 

0 46 

0 44 

0 17 

Cementing 

23 

67 

14 

Machine shop 

0 17 

0 10 

0 17 

Surveying 

7 

10 

20 

Casing 

0 60 

I 27 

0 46 

Deflecting hole 

22 

41 


Travelling 

0 21 

0 17 

0 21 

Breakdowns 

21 

17 

5 

Supervision . . 

0 73 

0 58 

0 73 

Fishing jdljs 

90 

63 

6 

Housing 

0 31 

0 33 

0 31 

Sundajs, holidays 

65 

96 

113 

Overhead 

Insurance 

Depreciation . 

0 31 

0 17 

1 35 

0 44 

0 21 

1 21 

0 31 

0 17 

1 42 

Total non-dnlling 
Actual drilling 

245 

235 

323 

250 

199 

482 

Total cost per ft (c) 

$15 31 

$18 95 

$t4 04 

Elapsed time 

480 

573 

681 

Aver ft ixT day (d) 

31 5 

31 

22 





('ore recover> , 

92 

% 4 

97 3 





Diam of hole, in 

21/16 

2 P>/i6 

2 1/16 





Diam of core, in 

1 3/8 

2 1/8 

13/8 






(g) Sullivan P-2. (5) Sullivan No 50. (r) In deacendinic order from surface, (d) Of actual 

drillitiK tune, (e) Convex ted fiom British to 0 8 currency at 1 sh =» 25^. 


Bunker Hill and Sullivan mine, Idaho. A light Mitchell drill makes a l^/g-in hole, 
7/8-in core; bits of about 40 stones, totaling 0.4-8.75 carats; cost, $7.50 per carat, plus 
$7.90 for s(‘ttiTig, shells, $7.50 per carat, plus $4 for setting; salvage stones bring $7.50 
per carat, scrap stones <S()^ per carat. Table 53 shows costs in ground of aver hardness 
(A), and m fault zone (B) , also for 4 088 ft of one hole (52). 


Table 63. Cost as Effected by Kind of Rock, Bunker Hill and Sullivan Mine 


Rock 

Foot ago 

Labor 

Bite 

Shells 

Comp air 

Oil and 
miso 

Total 

cost 

Per ft 

A 

227 

$96.00 

$89 28 

$5 39 

$24 33 

$13.44 

$228 44 

$1.0064 

B 

24 

37 50 

12Q 65 

2 77 

8 28 

2.75 

' 180 95 

! 7 5395 

Cost per ft 1 
for 4 088 ft } 

$0 464 

0 925 

0 095 

0 096 

0 090 


$1,670 


U S Bureau of Reclamation. Diamond drilling for poesible dam sites, Texas, with Longyear, 
Sullivan, and Knight and Stone machines. In eosy limestone, 4 700 ft were bored at aver of 21 ft 
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per 8 hr; aver depth, 150 ft. Time includes water testing every 10 ft, and driving casing through as 
much as 50 ft of overburden, and moving from hole to hole For holes 40-100 ft deep, in fractured 
gneiss, core recovery was 65-100%, cost over $3 per ft. Nine holes, in limestone, aver 100-150 ft 

deep cost about $1 per ft, others, up 
to $1 87 per ft. At Marshall Ford 
dam, a Sullivan air drill bored 27 000 
ft, at a cost (to contractor) of $0.35 per 
ft; other shallow holes, $0 68 per ft. 
At Grand Coulee dam, diamond drill- 
ing was contracted at $2.95 per ft for 
84 vert holes, and $3.50 for 15 angle 
holes, all in hard granite. 

Climax Molybdenum Co (1937-38) 
drilled 12 467 ft of 1.5 to 2 S/g-m ex- 
ploratory holes (Table 54) in granite 
and schist; range of depth, 200-1 540 
ft, aver 600; aver speed, 14.81 ft per 
8-hr; core recovery 50%. 

Salt beds of western Texas and New Mex. Diamond drilling was done by contract (1927-29) 
to depths of 1 000-2 750 ft, to test potash content of beds; cores, 2.5-in. As KCl is soluble, a 
saturated solution of common salt plus MgCl was used instead of water. Total footage, 20 400 ft; 
core recovery, 98%. 

Kennecott Copper Corp, Alaska, has done much exploratory diamond drilling by con- 
tract, mostly in dolomite, all underground work. Nearly all holes are at angles of 5-10° 
to horiz. For 60 800 ft of 1.5-in hole (^/s-m core), aver cost from 1920 to 1931 was $2.15 
per ft. Later costs (1937) are about the same. 

Sullivan mine, Kimberley, B C. Underground diamond drilling by contract in chert, quartzite 
and massive sulphide ore (pyrhotite, galena and sphalerite). Cores, 3/4 m for holes less than 
200 ft. Coats, $2-$2.12 per ft. 

Homestake mine, So Dak. The orebody, a stecp-dippmg replacement in schists, 
slates and quartzites, is best prospected by horiz holes across the strike. All drilling is 
now done underground; parallel holes, 100 ft apart, and 50-450 ft deep (Table 55). 

Table 56. Underground Diamond-drilling Costs, Homestake Mine, S D 


Table 54. Cost of Diamond Drilling, Climax 
Molybdenum Co 



Cost 
per ft 


Cost 
per ft 

Preparing station 

$0 222 

Power 

$0 087 

Drilhng . . 

2 732 

Surveying .... 

0.004 

Reaming . 

0 057 

Assaying . 

0 085 

Cementing, .. 

0 216 

Core storage 

0 032 

Casing 

0 021 



Carbon loss 

0 042 

Total .... 

$3 498 


Year 

No of 
holes 
(a) 

Total 

footage 

Aver 
per 8-hr 
(b) 

Aver 

depth, 

ft 

Core 
recov- 
ery, % 

Labor 

(c) 

Car- 

Inin 

loss 

hurt 

loss 

Rppair 

lurt^ 

id) 

Shop 

Mi-^c 

ie) 

Power 

(/) 

Total 

1932 

85 

9 334 

15 8 1 

no 

79 

$ 80 

$ 41 

(h) 

$ 04 

$ 07 

$ 08 

$ 03 

$1 43 

1933 

96 

10 004 


104 


92 

14 

$ 17 

05 

04 

04 

02 

1.38 

1934 

84(0) 

9 703 j 


115 


1 00 

20 

11 

03 

03 

05 

02 

1 44 

1935 

113 

12 004 


106 


96 

29 

06 

06 

03 

03 

02 

1 45 

1936 

84 

10215 


121 


1 13 

31 

09 

08 

03 

06 

02 

1 72 

1937 

134 

19 417 

16 4 

145 


89 

26 

.12 

17 

03 

02 

02 

1 51 

1938, 

4 mo6 

75 

1 

10 417 ’ 

200 

138 

91 

72 

09 

11(1) 

02 

04 

02 

02 

1 02 


(a) Nearly all horiz holes, from 7 by 7-ft drifts, (6) including all delays for moving, (c) includes 
bonus, (d) includes charging off new equipment, (e) oil and supplies, (/) compressed air, (g) 
mcludes an inclined hole from surface, 1 018 ft deep; (h) carbon bits only, (i) cast bort bits, except 
in broken ground. 


El Potosf mine, Mex. In 1934, 58 726 
ft of holes were drilled with electric ma- 
chines, which saved 8^ per ft over air- 
driven drills. Table 66 gives costs. 

Matanuaka coal basin, Alaska. Core drill- 
ing in sandstone, and clayey shale that clogged 
bits and required frequent pulling of rods 
Speeds: shale, 2.5-6 ft per hr; sandstone, 10 
ft; aver, including pulling of rods, 1.3 ft per 
hr; 8 holes, 676-1 820 ft; contract pnce, $4.25, 
plus $3 per ft of core recovered (58). 

Star mine, Rhodesia. Zinc silicate orebody, 
in limestone and schists (60). Drilling bad in 
schist; good in limestone; 10 700 ft of hole; 
aver depth, 275 ft; aver per shift, 11.76 ft; 
core recovered, 74%. Table 57 gives costs. 


Table 56, El Potosf Mining Co, Mex 

(H. A. Walker) 



Cost 
per ft 
(1938) 

Cost 
per ft 
(1934) 

Labor. . 

$0 2187 

$0 1658 

Carbon ami bort 

0.1140 

0 1417 (c) 

Power, air and elec . 

0 0643 

0 0224 

New rods. ... 

0 0125 

0 0087 

Mibc 

0 0490 

0 0570 

Supplies 

0 0479 

0 0264 


$0 5064 

$0 4220 

Total footage 

45 129 (a) 

80 128 (6) 


(a) Includes 9 275 ft elec drilling; (b) 58 736 
ft elec drilling; (c) lost bit increased cost 7.4^1 
per ft. 
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Phelps Dodge Corp, Morenci branch, Ariz 
(Apl, 1938). Data on 11 holes of 760 ft 
aver depth: total aver working hr, 574; 
contract price, $3.50-$3.69; total aver cost, 
including eng’g, sampling and general expense, 

$6.03. Casing, 25% of all holes. Drilling was 
in shattered ground, largely monzonite granite. 


Purchase vs rental of prospecting drills is a 
question usually decided by local conditions. If 
only a few holes are necessary, renting or contract 
work often preferable; for a large amount of drill- 
ing, purchase of eqmpment may be cheaper (67). 


Table 57. Diamond Drilling Costs at 
Star Mine, Rhodesia (60) 


Direst costs, per ft 

Setters, runners and helpers $1,135 

Carbon loss 0 352 

Materials 0.248 

Power . . 0 223 

Moving drills 0 005 

$l 963 

Indirect costs: general expense, 

surveying, amortization, etc. . . . 2 284 

Total. . . $4 247 


Water rises • 
to surface 

Cuttings 
settle in 
“calyx 'f 


23. SHOT-BORING WITH CALYX DRILL; SHAFT BORING 

Construction. Like the diamond drill, the bit is rotated by hollow rods, driven by an 
engine and gearing on the surface. Chilled-steel shot, i/ie and under, to l/s-m, are the 
abrasive medium. Fig 49 shows bit for small holes. The shot, fed into the rods with the 
wash water, pass to the inner periphery of core barrel and bit, thence under the bit, some 
being crushed, others remaining unbroken and are rolled around under its edge. Diagonal 
slots in the bit allow passage of wa^h water to the annular space outside, without displac- 
ing and lifting the shot. The sludge collects m a hollow cylinder (“calyx”), above the 
core barrel and open at the top. As the rods 
are of smaller diam than the calyx, the veloc 
of the rising water is decreased, permitting 
deposition of the coaisor sludge m the calyx 
(Fig 50) ; to carry this material to the sur- 
face would require a large quantity of water 
under high press. In large machines, the wt 
of rods giv'cs sufhcient press on the bit, in 
smaller sizes, added press is applied by a rack 
feed and hand wheel. Speed of rotation, 

50-100 rpni. Instead of using a mechanical 
core lifter, as in the diamond dull, the drill 
core IS gripped by wedging it in the bairel 
with angular pieces of quartz, dropped 
through the rotating rods. Inclined holes 
can not be more than about 35*^ ofT the vert, 
as the shot tends to run to lower side of bit. 

A complete Calyx-drill outfit, delivered in 
the West, eosts $8 000 $10 000. 

The Calyx drill can boro holes from a few 
inches diam to 6 ft or more. An impoitaiit 
application is the boring of mine ventilating 
shafts and chutes for ore and w’aste (for the 
latter, see See 10, Art 23). A bored shaft 
w ill often stand without support, where shat- 
tering of walls by explosives in usual shaft- 
siukmg methods would require timbering; 



Shot bit- 



cCoi*© samplo 


Fig 49. Bit for Shot Boring 


Fig 50. Calyx Drill 


hence the advantage of boring a ventilating shaft, leaving smooth walls, without fire 
hazard. Early methods for holes of large diam involved actuating the drill from surface; 
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but a recent drill designed by Newsom (64, 81) has driving mechanism and operator in a 
cage just above core barrel at bottom of hole (Fig 51). 

Zenith mine, Minn (65, 81). Vert ventilating shaft, 6.5 ft diam, through 15 ft of alluvium by 
hand, 1 193 ft bored in rock; total depth, 1 208 ft; elapsed time, 7 mos. Formations' greenstone, 
some quartzites, chert and diorite. Surface plant: stiff-leg derrick, 60-ft boom, working load 30 ton, 
impact load 95 ton; main hoist, 200 hp, normal line pull 13 200 lb, rope speed 450 ft per min; 
man hoist, 25 hp, power-cable reel with 25-hp motor; air-hoae reel with 11-hp motor; air com- 
pressor at 40 cu ft per min for ventilation. Drill (Fig 51): 100-hp motor; speed of core bairel, 
52 rpm; wt on cutting shoe, about 6 ton; length inside core barrel with new shoe, 15 ft 2 m. Core 
puller, inside length 8 ft; bailer; man cage (for 2 men); muck bucket. Aver drilling rgte, 5.8 ft 
per day; best week, 77 ft; aver per drilling cycle, 8.46 ft. Shot consumption for 714 ft of hole* 
32 lb per ft. Total man-hr, 15 320, direct crew man-hr, II 044; crew-hr, 4 933 total, 4.13 aver 




Fig 51. Section of Core Drill, Zenith Mine Borehole > Fig 52. Core Lifter, Zenith Mine Borehole 

per ft, of which 0.39 for setting and removing drill, 0.96 drilling, 1 05 bailing, 0.53 mucking broken 
cores, 0.48 pulling cores, 0,12 changing drill shoes, 0.60 lost time. Operating cycle’ dull lowered 
to bottom, power cable and air hose lowered; operator went down, tightened jaclcscrews against 
wall of hole (Fig 51) to resist motor torque, connected cable and hose, and drilled until core barrel 
was filled, or until stopped by some operating condition, he then disconnected cable, released 
jackscrews and went to surface. Drill raised and inspected, sludge and water bailed fiom hole; 
operator went down, broke off core with hand-driven wedges, and returned; core puller lowered 
(Fig 52) and core lifted; hole again bailed, and operator went down to remove broken rock and 
inspect bottom; his return completed the cycle. Direct cost per ft: labor and supervision, $12.16; 
power and supplies, $7.34; total, $19.50. 

Idaho-Maryland mine, Calif (earlier instance of same method). Shaft, 6 ft diam, 1 125 ft deep. 
Best day’s progress, 10 ft; in 30 days 150 ft were bored; aver cost per ft, $23.67. 

Examples of operatitt^ large drills from surface (U S Bureau of Reclamation) • (A) An Ingersoll- 
Rand WS3 machine bored a 3-ft hole 29 ft deep in gneiss, in 27 shifts; cost per ft, $24.19. Badly 
fractured rock and a flow of water made drilling diflicult. (B) In dolomite, 2 holes 46 and 56 ft 
deep were drilled by same machine in 36 shifts; cost per ft, $23.60. (C) In limestone, an Ingersoll- 

Kand W-3 machine drilled 993 ft of hole (2 of them 92 ft deep), including moving, laying pipe lines 
and setting up, at aver of over 3 ft per shift; cost per ft, $12.56. Of this total, 211 ft cost $8.12 
per ft. (D) Grand Coulee Dam: 8 holes, 3-ft core, 386 ft aggregate depth, were bored at an aver 
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speed of 0.33 ft per hr actual drilling time; coat per ft, $31.40; shot used, 9 130 lb, (Ej) Kennett 


Dam: 2 36-in holes, total depth 187 ft, cost $26.63 per ft; shot used, 
4 650 lb. 

24. DEVIATION AND SURVEYING OF BOREHOLES 

Deviation or drift. Few diamond or rotary drill holes exceed- 
ing 100 ft deep are straight; deviation is least m cable-tool holes. 
In general, deviation increases with depth; also, holes bored at only a 
slight angle to dip of strata > tend to parallel the bedding planes. 
Surveys to 3 000 ft of 8 deep holes on the Hand showed that: at 
1 000 ft, all holes were nearly plumb; at 3 000 ft, 2 were over 25° off 
plumb (54). At the Britannia mine, B C, horiz holes drilled toward 
an underlay footwall curved downward, those toward the hanging 
wall curved upward; holes drilled obliquely to hanging wall curved 
downward; thus, holes tend to become normal to dip and strike (Fig 
53). Holes have been started as much as 25° off true direction m 
order to reach given objectives (67). Deflection generally seems to 
vary inversely as length of core barrel (68); worn or short core 
barrels, or light rods, or excessive press on bit, aggravates tendency 
to deflect. Drift of oil wells has caused so much trouble that holes 
are regularly surveyed to keep deflection under control, and successful 
directional drilling depends on accurate survey methods to determine 
both drift angle (deviation from vertical) and bearing. Methods 
and instruments commonly used for oil-well surveys may be classi- 
fied as follows; 


bo 

Pt 



Pig 53, Deflection of Horieontal Diamond-drill Holes in Shear Zone 
(Is: <k M Jour) 



Fig 54. Surwel 
Gyroscopic Chno- 
graph 
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Surwel Gyroscopic Clinograph (Fig 54) is used in either an open hole or casing. Read- 



ings of drift angle and bearing are taken at any desired interval, going 
down or coming up, thus giving check readings. The instrument, elec- 
trically operated, maintains a fixed bearing, set beforehand, as desired; 
it carries a non-magnetic watch, compass dial and thermometer. An 
elec film camera, operated at will, with double lenses and timing contact, 
records time in seconds, temp, and inclination from the vert; capac, 50 
ft of 16-mm film, 1 000 records. Instrument weighs 45 lb, its protective 
steel case, 1 300 lb. It is lowered on a ®/i6-in wire line, or on the drill 
rods. The eiror of closure between two check surveys, in and out, should 
not exceed 1% of well depth. Time for a round trip in a 9 500-ft well 
is about 3.5 hr on wire line, or 7.5 hr on drill rods. 

Photo-magnetic instruments record on sensitized paper disks the drift 
angle (indicated by a delicate plumb bob), and the compass bearing. 
They do not give reliable compass readings inside casing, but. if lowoiod 
8-10 ft beyond casing, are practically free from magnetic interference. 
There are 2 forms: multishot instrument (Fig 55) has recording film 
for a number of observations; single-shot instrument makes one 
record only (Fig 56), disk a reading to 5° within 5 mm, disk h reading 
to 24® drift, within 20 min. Position of plumb bob image, the x mark 
on concentric ciicles, shows drift angle. Jiearing is read by drawing a 
straight line from center of disk thiough x, or intersection of plumb bob 
cross hairs, to rim of disk on which bearings aie piinted. Disks are avail- 
able for drift angles up to 70°, but accuracy decreases somewhat as drift 
angle increases. A single-shot instrument is loaded m daylight from a 
clip of sensitized disks. Time of lowering is set beforehand on the instru- 
ment watch, which closes an elec contact when taking record, a synchro- 
nized watch being used at surface. On return to suiface, the developed 
disk is available within 2 or 3 nun. In some deep borings, where bottom 
temp may reach 250-300® F, it is difficult to use photo films. At about 
240® the camera must be cooled. 

Instruments recording drift angle only make a photo record, or me- 
chanical record in form of a punch mark, or graphic record in form of a 
curved stain on a paper scale. They are run into well like the preceding, 
or dropped through the dull pipe, and recovered by raising the pipe 
When dropped into the well, this “Go-Devil” typo has piotectue 
spring guides on outside of its casing. Totco drift recorder makes a 
punch mark on a disk with concentric circles to show diift angle. It can 
be raised from the well at 3 000 ft per min, thus saving time in deep hoh's 
The recording mechanism comes to rest in less than 10 sec after reaching 
its position in the well. 

Syfo Clinograph (Fig 67). The orifice chamber 4 is filled with a definite 
amount of fluid, which passes slowly through orifice 6 into delivery chamber 7, 
filling this chamber slowly until the upper bend of delivery siphon 8 la rc-ichcd 
The siphon action causes part of the liquid to discharge into recording chamber 
12, and to rise quickly into upper bend of recording siphon l.'i, discharging 
thence into receiving chamber 16. The inflow into 12 is faster than the dis- 
charge, causing liquid to rise above bend in 1.3 to a point midway between top 
and bottom of recording paper 11. Liquid remains in this chamber less than .iO 
sec, and then drains out, thus eliminating danger of splashing the chart when 
raising instrument. Liquid leaves a stain with a sharp line of demarcation on 
recording paper, in form of a sinuous curve; vert distance from high to h)w 
point, as measured by the scale printed on the paper, gives angle of deviation 
from the vert. 

Oriented core barrel (Eastman Oil Well Survey Co) takes a core, while 
simultaneously, with a single-shot instrument, making a photographic record of 
drift angle and bearing. The device makes a groove in the core, in line with a 
marker which shows in the photograph, thus correlating core with survey data. 

Orientation of drill pipe at the surface. If the pipe is allowed to 
turn freely while being lowered, and is raised a few feet on touching bot- 

Fig 55. Kastman Multishot Instrument. A, Drill-pipe sub. /?, Orientation 
hole. C, Locking pins />, Inner barrel. E, Batteries. F, Shock absorber. 
Q, Start and stop switch. Contact-actuati^ clock. Electric motor 
K, Film box. L, Lighting unit. M, Camera. N, (Jondensing lens. O, Compass 
on gimbals 
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tom and then lowered again, tho orientation at the bottom is fairly close to the measured 
orientation at tho surface (69). Rotation at surface is measured by sighting a distant 
point, and then measuring the turn of each section of pipe as lowered. In one hole having 
a drift angle of about 24® (at which friction of drill pipe in hole would have great effect) 
the survey at a depth of about 4 050 ft gave a bearing of N 36° 15' W, as against a mag- 
netic bearing N 35° 45' W. Although this method is quite satisfactory, the magnetic 
method is usually preferred (70). 



Fig 56 Photo Records (Lane Wells Co) 



Fig. 57. Syfo Clmograph Fig 58. Diagram of Electrical Coring 

Electrical coring (Fig 68) (“ electrical logging *’) is used to determine the resistivity 
and porosity of the formations through which wells are drilled (71). The conductivity of 
stratified rocks is not tho same in all directions; hence, if an elec current flows into stratified 
ground, the surfaces of piopagation are not spheres but ellipsoids, tho axes of revolution 
of which are perpendicular to tho plane of stratification, whence the direction of dip of 
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the formations can be determined. The principles of electrical and magnetic geophysical 
prospecting have also been applied with some success to the survey of boreholes (for 
details, see Bib 71, 72 and Sec lOA). 

Borehole surveying is largely done by surveying concerns on basis of rental charges for equipment 
or service fees. Among them are. E. J. Longyear Co, Eastman Oil Well Survey Co, and Lane- 




Fig o9. 


Two Types of Hydrofluonc-acid-bottle 
Container 


Fig GO 


Curve of Capillarity 
Correction 


Wells Co; some of them combine surveying with controlled directional drilling. Rental charges 
range from $4 50 or $5 per day to $150 per year, with a certain minimum fee; surveying charges, 
$16-$20 per hr of actual work, plus a standby charge and transport costs. 

Following are descriptions of several older methods of borehole surveying that are still useful. 

Hydrofluoric-acid method is the simplest for determining deviation from the 
vertical only. Apparatus consists of small widc-mouth bottles with rubber stop- 
pers, supply of hydrofluoric acid, a metal container for the bottles, and a goni- 
ometer. The bottles should be of constant diam outside and inside, throughout 
their length. Inside diam should be as large as diam of hole permits. By using 
a phosphor-bronze container, a bottle 1 Vs in outside diam can be used m an E hole 
(Table 32). Walls of bottle should be about 1/32 in thick, stopper, tight fitting. 

Containers are of steel, bronze, or brass (Fig 59), bored to receive the bottle with 
snug fit. They are made in 2 parts, which screw together with fine threads, to 
exclude water, and are packed with lead or have carefully machined surfaces to 
insure a tight joint. A leak may cause collapse of the bottle, due to pressure of 
water in a deep hole. Containers are lowered into the hole by a wire, or attached 
to the end or m the middle of a string of rods, m which case they are threaded on 
one or both ends for rod connections. In operation, the acid is diluted according to ||j{ tU|“& 

depth of hole and time required for lowering the container, the aim being to allow 
the bottle to reach the desiied place m the hole before any considerable etching 
takes place. The bottle is left at this point long enough to allow a line to be etched 
Strength of acid and time for etching are best determined by experiment on the 
spot. Container is then withdrawn, bottle washed out, and angle of deviation 
measured by goniometer. The angle thus measured indicates a deviation from 
the vertical that is too small, due to capillarity, which causes the acid to rise on 
upper side of bottle, so that the surface of the acid at rest in the inclined tube, 
w'hen in the hole, is not truly horizontal. Amount of error varies with angle of 
inclination, diam of bottle, and strength of acid. It is a max when the bottle is 
inclined 4.')°; is larger in bottles of small diam, and increases with the strength 
(and resultant viscosity) of the acid. Fig 60 is a curve for 1 V8-*n bottles and dilute 
U to 12) acid. For the strength of acid and diam of bottle used a curve should bo 
plotted, giving correction for any given deviation. 


m 


Fig 01. 'MacOcorge 
Gelatine Tube 



Fig 02. Maas Borehole Compass 


Fig 63 Oeh man's 
Apparatus 
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0«latiae method (MacGeorge's). Apparatus consists of a container as above, and a tube to fit 
it. The tube (Fig 61) contains m the upper bulb A a small compass and in the lower bulb B a 
glass plummet, both floating in gelatine. The gelatine is heated in the bottle until it is liquid, 
then placed in the container, lowered to the proper point in the hole and allowed to set. When the 
tube 18 withdrawn it is placed in a goniometer with vert and horiz circles, the compass needle is 
brought into the meridian, the plummet made vert, and the amount of vert and horiz deviation read. 

Maas borehole compass employs a combination of the above methods. It consists of a 1 1/g by 
6-in tube A (Fig 62), in one end of which is placed dilute hydrofluoric acid; in the other a gelatine 
solution and a small compass C. For holes so deep that the gelatine would set before the compass 
IS in position, a small thermos bottle D contains the gelatine and compass, and a 3-in tube is used 
for the acid. 


Photographic methods. Oehman’s apparatus (Fig 63) (73). Plumb bob c and 
magnetic needle 6, have an electric light e above each, and photographic paper disks 
below on gimbals d, d. Clockwork r, s completes the circuit with battery A: at a set time, 
at which the shadows of plumb bob and needle are photographed in the positions they 
take according to the deflection of the borehole. J. S. Owens (74) has devised an instru- 
ment that gives a senes of clinometer and compass readings recorded on sensitized paper 
by electric lights, the recording mechanism being controlled by clockwork. One insertion 
gives simultaneous records of essential data for each point in hole surveyed. F. Huiii- 
Ijhreys (75) describes a photographic instrument which records position of a plumb bob 
clinometer in relation to the (juadrants of a compass. A line through the centers of 
plumb bob shadow and image of compa.ss dial gives direction of drift, the distance between 
these centers showing drift angle on the graduated circles. The instrument is not designed 
for deviations greater than 35°. The Wright surveying instrument uses radio-active mat- 
ter to affect a photo film (for details, see Bib 76), 



P 



Fig 01 Ti anwnutter of 
Briggs' Chuophoue 
^.after Rcdmaj ne) 



Fig 05 Diagram 
of Electrodes m 
J^urface Receiver of 
Briggs' Chnophono 



Briggs’ clinophone was designed for very accurate surveys of boreholes for the freezing 
and cementation methods of shaft sinking (Sec 8). Tests show that errors in readings sel- 
dom exceed 1 min. The trall^mltte^ (Fig 64) comprises, plumb bob p, with a needle n at 
the end dipping into vulcanite cup c, in which are 4 electrodes N, S, E, W of platinum foil. 
Each electrode connects at upper end to a plug and socket s' and s®, and these in turn to 
upper terminals etc. \. central terminal is electrically connected to needle n. A 

fi-strand (’able passes thiough gland r to a receiver at the surface, which has 4 similar 
electrodes N', S', 10', W', in a cup r' which, with cup c, contains weak salt solution (Fig 65). 
Needle ri is fixed in a metal holder. Alternating current is supplied through wires g. 
'relephoiie transmitters T', on surface are connected separately to N-S and E-W 
directions. 

On lowering instninient into the hole, after plumb bob p and needle n are at rest the 
operator moves needle n' until the sound in both telephones is the same. Needle n is 
then in same position in cup c as needle n* in the hole in cup c'. The position of n' is 
recorded by a .scale on bottom of c'. The instrument is oriented by the rods used to lower it, 
which have scarfed joints, thus making practically a solid rod, and any rotational move- 
ment of the transmitter in the hole is indicated at the surface. As a check, the rods can 
be turned through 180® and readings taken also on return trip. Readings are taken 
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rapidly, the only time lost being that for the plumb bob to come to rest. The instrument 
is very accurate for small deflections; for greater deflections, the plumb bob is shortened. 

Kiruna method (77) uses the electric deposition of copper fiom solution to make a 
mark within a cylinder, instead of etching by HFl. Used successfully in Sweden. 

Use of survey results: (a) determination of dip and strike of a stratum or orebody cut 
at 3 places; (b) determination of dip from the core, the strike of the stratum or orebody 
being known, (c) determination from drill core of the true thickness of stiatum. 

Strike and dip. Theodore Simons (78) gives a convenient method of calculating strike 
and dip from 3 holes. In Fig 66, A = lowest point at which vein is cut, B — point of 
intermediate elevation; C = point of highest elevation, and C'l = piojectioiis of 7^ and 
C on horiz plane through A; d — angle of inclination of line connecting .1 and C, c — 
angle of inclination of line connecting B and C, c = horiz angle between above lines; 
h — angle between line of strike and extension of horiz projection of line connecting C and 
B, f — angle of dip, rn = tan d 4- tan e, w = 180° — c. Then tan b = am n -r- 
{rn + cos n), from which the stiike is obtained, and tan / = tan e -f* sin h. 

Dip of a bed. E. E. White (79) gives a method for determining the dip of a bed from 
a hole not at right angles to the strike of the bedding, knowing this strike and the direction 



Fig 07-74. Various Combinations of Drill Hole and Bed {E <fe M Jour) 


of the hole. In Fig 67, 1 = inclination of hole from horiz ; d = angle between bedding and 
axis of hole, as obtained from coie, S = diff’erence in strike between bedding and hoh*; 
D = true dip of strata, p — length of a perpendicular from any point A on the hole to 
the bedding plane, r =* length of perpendicular from A to the horiz plane through the 
intersection of the hole with the bedding plane; mon represents a bedding plane, kvn is a 
horiz plane through the intei section of the hole with the bedding plane; qop and qx^r are 
planes through A perpendicular to n. If length of hole from A to point of intersection 
with the bedding plane is taken as unity, cos I = K, cos d = r/i; cos S = n K , am I ~ r; 
sin d =* P', n = cos I cos <S ; o « ss cos^ d — cos^ I cos^ B; g — o'^ d- = 

V cos^ d — coa^ I coa^ S A- d — V 1 — cos^ I cos* *8 ; x =* sin*”^ ~ — - - . 

. .r am I 5 1 — cos^^ I cos^ S' 

y » 8%n *• — X sin ^ -■ = • 

^ V 1 — COS^ I COS^ B 

Four cases arise: D — x + 2/, when beds dip in same direction as the hole, but more 
steeply (Fig 67, 68). D ^ y -- x, when beds dip in same direction as the hole, but less 
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steeply (Fig 69, 70). 2) == 180 — 2/ ~ a;, when beds dip in opposite direction to the hole, 

and more steeply than a plane perpendicular to the plane through the hole and the strike 
line of the beds (Fig 71, 72). D ^ x — y \ when beds dip in opposite direction to the hole, 
and less steeply than a plane perpendicular to the plane through the hole and the strike 
line of the beds (Fig 73, 74). 

J. N. Justice (40) gives a method for determining true thickness of a bed, knowing its 
dip, the direction of the hole as surveyed, and distance penetrated by the hole thiough the 
bed. In Fig 75, AB ~ plan of portion of hole in the bed; CAD = 
line of strike, EB — projection of strike line through B\ AE is 
perpendicular to CAD\ d = angle of dip; F = angle between 
direction of dip and direction of hole; P — apparent angle of 
dip; T = true thickness; A"B is known in length and direction 
from the core and survey. The derived formulas are: tan P — 

{AE tan d) -F AB — cos F tan d\ T =* A'A" cos d =* A"B {sin a 
cos d — cos a cos F sin d) ; AA" — AA' = A"B sin a — AB cos 
F tan d. 

26. CHOICE OF BORING METHODS 

Chief factors: (a) depth of hole; (5) speed and information 
desired; (r) first cost of outfit; id) operating cost; (e) character 
of niatenals penetrated, (/) tianspoit facilities. 

For shallow woi k in eaith or soft rock, a hand rig is prefer- 
able, for holes over 50 ft deep, or m hard rock, a power rig 
should be Uv-,ed, unless first cost, including transport, outweighs 
the saving. Speed generally iiicrea.ses with size and wt of rig, 
except that in shallow holes and freciueiit moves the time for 
dismantling, moving and settmg-up may offset speed. The 
(iuestion of operating cost is so closely related to purpose of 
the woik, character of strata penetrated and labor available, that each case must bo 
considered .separately In hard, shattered rock, churn dulls are preferable to diamond 
dulls Small rotary drills will lioie ground that (*an not he satisfactorily penetrated by 
churn dulls, but tlie (juestion of sampling by rotary coring is not yet fully worked out 
barge rotary outhts ean go to greater depth than cable-tools. Diamond drills have been 
succr^s^ful in samjiling ore where no core could be made, the sludge being saved and assayed. 
To secure infoimation as to phy.sical character of ore or rock, a core drill is necessary. 



VERTICAL SECTION ON A-B 

Fig 75 To determine 
Thickness of Bed 


Table 58. Drill Manufacturing and Supply Companies (incomplete list) 


Cable-tool and rotary drills 

Wash- 

honug 

Oil- 
well 
rigs * 

Port- 

able 

churn 

drills 

Diamond 

drills 

Shot 

drills 

Mackintosh Bor- 
ing Prospecting 

'fool, and PAP 
alluvial drill 

\lLs1cel Products Mfg Co, Wichita, 







Knii . , 


X 





Bovle Brof« Dnll’g ('o, Salt Lake City, 







Utali .. . . 




1 X 



Buoyrus-Krie Co, So .Milwaukee, Wis 



X 








X 1 



C'limax Bock Drill iV bug Wks Ltd, 







l.ondon , ..... 






X 


X 


X 




Itig<'r^<>ll-Baud ( "o, N V 



X 

X 


Ke.vstono Driller Co, Beaver Falls, Pa 

X 

X 

* X 
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PROSPECTING, DEVELOPMENT AND EXPLOITA- 
TION OF MINERAL DEPOSITS 

1. DEFINITIONS 

Mining includes surface operations, as quarrying in open cuts and the working of 
placers, as well as underground work. In a given mineral deposit, mining operations may 
be divided into 4 stages: 

Prospecting, or the search for minerals. 

Exploration, or the work of exploring a mineral deposit when found. It is undertaken 
to gain knowledge of the size, shape, position, characteristics, and value of the deposit. 

Development, or the diiving of openings to and in a proved deposit, for mining and 
handling the pioduct economically. 

Exploitation (mining), or the work of extracting the mineral. 

These terms are used loosely. It is often difficult to distinguish between prospecting 
and exploration, or between exploration and development, as the different kinds of work 
insensibly shade into one another ; an arbitrary differentiation between them is usually 
established at a given propci ty. Confusion also arises when the terms are extended to 
descrilxj operations on a property containing several orebodies. In such cases, prospecting 
for now orelx)dies is a part of exploiation. In certain mineral deposits, prospecting and 
exploration arc done in one operation by boring; as in the disseminated lead ores of S E Mo, 
and in those Mesabi iron ores and gold placers that are mined by open-cut methods. 

Prospect IS a mineral property before exploration has proved it to be worthy of devel- 
opment. 

Since methods of prospecting and exploring a mineral deposit are based largely on its 
geological charactei istics, a genetic classification of mineral deposits is invaluable (Art 3; 
See 2, Art 17). Methods of development and mining arc determined largely by the shape 
and position of a mineral deposit. From this standpoint ore deposits are classified as: 

Veins. Tabular-shaped deposits of non-sedimentary origin, usually dipping at high 
angles. 

Beds. (1) Tabular deposits, lying conformable to the stratification of inclosing rocks; 
(2) detrital or sedimentary superficial deposits. 

Masses. Largo orebodioa of n regular shape standing at any angle. Fig 4 shows 
outline of a massive oreliody. 

The following terms arc commonly used in metal mining (letters refer to Fig 1-5). For 
coal mining teims, see Ait 102 it seq. 

Hanging wall or “ hanging ” Ore limit or wall-rock on the upper side of a dipping 
orebody (^i) ; called “roof” in Ixxlded de}K)sits. 

Footwall or “ foot.” Ore limit or w'all rock on the lower side of a dipping orebody (/) ; 
called ” floor” in bedded deposits 

Shaft. A vert or inclined opening, giving access to and ser\'ing the various levels of a 
mine (d, e); an “ inside ” shaft is one which does not open to the surface; a flat or low 
dipping inclined shaft is called ” slope ” in coal mines. 

Crosscut, A honz opening, like a tunnel, and running through country rock or ore at a 
consideiable angle to the stiike of formation or oiebody (^). 

Drift. A honz opening, lying in or near the orebody, parallel or nearly parallel to its 
strike {k). 

Level. The horizon at which an orebody is opened up, and from which mining pro- 
ceeds. The term is often used in the same sense as ” drift,” or to cover all hoiiz workings 
on one horizon. Thus, the drifts and crosscuts in Fig 2 would be called the 1st level, or 
the workings on 1st level. 

Winze, An opening (m) like a small shaft, sunk from an interior point in the mine. 

Raise (Cornish, ” rise”). A shaft or winze excavated upw’ard {1) as for connecting 
adjacent levels. Terms winze and raise are used interchangeably to describe a completed 
opening as at (n). Fig 1. 

Tunnel. Technically defined as a nearly horiz underground passage, coming to surface 
at both ends. In mining, the term is used also for such a passage open to daylight at 
only one end. Tunnels may be crosscut tunnels (p), Fig 5, or drift tunnels (r). Fig 1; 
the term ‘‘ adit ” is also used to describe any tunnel wuth one end open to the surface, 
although formerly limited to tunnels driven primarily for drainage purposes. 

10-03 



10-04 


PEOSPECTING AND EXPLORATION 


Slope. An underground excavation (s, Fig 1) resulting from actual mining of ore, as 
distinguished from other excavations in ore, as drifts, crosscuts, laises, winzes. The verb 
"to stope” is used loosely, but usually to denote the general plan and work of breaking 
ground in stopes. 



Back. The ore between a level and the surface, oi between 2 levels, also designates 
the roof of a drift, crosscut, or slope. 

For comprehensive glossaiies of mining terms, see Bib (1). 


PROSPECTING AND EXPLORATION 

2. CONDITIONS WARRANTING PROSPECTING 

Search for mineral is largely guided by knowledge of the geological associations and 
peculiai ities of known orebodies. It is done chiefly by miners w'ho have absorbed the 
details of ore occurrence in mines where they have worked. However, they are keen 
observers, and have been responsible for most ore discoveries. Some dejiosits have also 
been found by inexperienced men, and some famous orebodies have been found acciden- 
tally. Crane (2) lists 130 gold and silver mines in the U S, of which 11 were discovere<l by 
chance. See also Bib (479). 

Th^'oreticallv, the trained economic geologist should make the best prospector, but the chance 
of finding commercial orebodie.s is so small that such men can not afford to prospect unless employed 
by mining corporations. Engineers generally direct the work of exploration, and scientific pros- 
pecting is commoner than formerly. Economic geology aids by indicating favorable localities and 
eliminating ujilikely ernes. Most jilans for exploration are based (often unconsciously) on theories 
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Cost of prospecting and exploration should be kept low on a(^count of the high risk 
involved. Simple methods should be employed and unnecessary' expenditure for eQuip- 
ment avoided. It is impossible to estimate the cost of strictly pfo&pecting work; while 
fairly accurate unit costs for trenches and test pits can be obtained, the required amount 
of such work can not be determined in advance. Closer estimates ti-rc possible for system- 
atic exploration. Examinaiion of a mmeial property generally gives an idea of the 
amount and kind of woik required to prove its value. The estimated cost of this work, 
compared with geological possibilities, furnishes a measure of the risk involved (Sec 25). 

Presence of outcrops warrants prospecting, to determine whether shoots of commercial 
ore exist at any p)Oints along them. Since exposed outcrops of well known types of ore- 
body have now been fairly thoroughly prospected in all but the most inaccessible regions, 
the field for prospecting at present lies in search for new or rare types, or for those ore bodies 
the outcrops of whicli aro covered. However, air transport has expanded the fields open to 
prospecting of the older sort, besides making it possible to develop and exploit outlying 
discoveries, as m northwestern Canada, New Guinea and central Africa (040). 

In and regions, surface exposures of rocks are often covered with a black or brown stain (MnOo), 
know n as ‘‘ desert varnish ” In such cases, if an orebody and the adjacent rocks are equally resistant 
to erosion, outcrops can not be distinguished unless pieces are broken off. There are undoubtedly 
expf'sed outeropa of this kind wdnch have not been found. Their discovery is fortuitous, or results 
from patient detailed tracing of tloat (Art 4) (502). 

Presence of float, a.s pieces of ore, or specks of metal or ore minerals, justifies prospect- 
ing. Such discoveries must be considered in connectifui \Mth local geology. Thus, it is 
useless to seek the source of quartz float in a schist or slate aiea where individual quartz 
stiingi'rs are too small to be of economic value. 

Favorable geological conditions. Many data have been collected about geological 
associations and chaiaeteiistics of diffoient types of oiebody. Recognition of these 
(dial actoi ihtics m a new distiict \n an ants piospecting. Conversely, geological conditions 
may piolubit prospecting, thus, search for coal is useless in igneous formations. Common 
associations and charactenstics of oiobodies are given in Art 3 It is imiiortant to note 
that geological conditions at one place may be superficially similar to those at another and 
yet not bt' aeeompaiiied liy uoikable ore deposits. Many geological conditions afToctiiig 
occuiieiice of al and other mmeial deposits aie lecognizable from the an, with or without 
photog! ajilij. but intei pi (dations aie mote tiustwoithy if based on previous a<.quaintaneo 
With tlie giouiid. Teatuies most (dt'aily loi'ogmzed eontaets V>etween difTcieiit forma- 
tions and g-'iioritl (haiactei of eaidi, faults, folded struetines; quartz and other outcrops; 
o\idi/(‘d cappmgs For cost of aeiial t*xploiation, see W. E. D. Stokes, Ji, Bib (103). 

Aacient workings and dunip.^ <4 ore, waste, or .slag exist in different parts of the world, and 
lead to prospccling in their Mcimt> Muidi historical information about old Europe\n and 
VMeuic' vN luiiu's iH n\ailai)le t)oou.MonalIy, an old book or record has afforded a clue to 
the location of an ancient souice of miueial. Rea-sons advanced for the abandonment of ancient 
mines aie PO wars oi attacks bv savugc^^, (5) pinching out or faulting of orebody, {c) occurrence of 
water, (»/' lack of tecliMical knowledge on the part of the ancients, u, b, and c may be ^ahd reason'*; 
water m partunlai pie\entod mining much below groundwater level Mast old workings show 
e\idenrc of skilful mining t.i), the ancient, .s did not work orebodies the metallurgy of winch was 
unknown No dcNclopmenl was done in ud\ance of mining, frequently, the cost of acquiring 
property was mcrcl> the cost of praspecling The .slave labor »ased was the only capital invested, 
and did not disappear wlicn the mine was abandoned or exhausted. The purchasing power of metals 
was higher tli.in at present In such circumstances the ancients could work small, iircgular, and 
low-grade orebodies d’lie existence of old w’orkings is not conclusive evidence of tlie existence of 
ore workable under present economic conditions. 

O K C’aiey (1) in l'H)l imestigated ancient workings in Rhodesia, where there are numeroua 
outcrop workings on auriferous quartz veins of which there is no written history. A\er depth of 
workings, 30 to (K) ft, occasionally 100 ft; in most cases mining had been confined to narrow pay 
streaks, a\cr stopc width, about 2 ft. Indications were that the ore had been crushed, sorted, 
and washed. The following conclusions from this work are suggestive* (a) Length of old workings 
«= length of pay shoots at the surface. (6) Strike of vein is shown by cour.se of the workings. 
((') Dip of ^eln \s toward the steep<?r bank of the old excavations (since hanging wall over an open 
cut breaks down under long weathering), and may be determined from dip of the footwall bank of 
the excavation (<l) Width of vein can not be determined from, but is usually less than, the width 
of the old workings Aery narrow veins are indicated by narrow w'orkmgs, with small dumps 
contarning mucli waste, (c) Grade of pay shoots, vague, but above aver grade of dumps, if high 
values be rejected (f) Large and numerous dumps in comp.arison with size of working.s, especially 
dumps containinrr large pieces, indic.ate low-grade ores. Small, sparse dumps along strong workings 
indicate that whole vem wa.s worked as pavable, and that its grade was probably good. Roughly, 
the value of a vein is pioportional to the ratio between extent of old workings and extent of the 
dumps, (g) No light is thrown by old workings on permanence of the vein or on its gold values 
in depth. 
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8. GEOLOGICAL , DATA FOR PROSPECTING AND EXPLORATION 

By Alan M.’ Bateman) Professor of Economic Geology, Yale University 

a. Introductory 

Most mine explpration rests upon geological theory or knowledge as to probable position, form, 
sise, extension, :inineral character, or value of an ore mass. Correct geological knowledge frequently 
enables one qj more of the above features to be determined in advance of exploration, often with 
considerable accuracy. In some cases geology furnishes no clue, and exploration is necessarily 
blind. Following are some common conditions under which geology may aid in exploratory work, 
with methods by which results may be secured (see also Sec 2). 

Sources of information: (a) Processes of origin of a deposit determine its form, 
size, and geological position, the mineralogy and value of its primary ore, the probability 
of its occurrence in undeveloped districts, and success or failure of exploration for more ore 
in a partly developed district. Production of ore masses is only one of many effects of ore- 
building processes. Other effects, if recognized, may assist in discovering ores. Favora- 
ble indications do not insure ore occuiionce, but, if they aio entirely lacking, ores of the 
type not indicated will almost certainly not be found. (6) Processes of superficial 
ALTERATION acting on an orebody after its formation. These yield inferences from nature 
of outcrop as to what lies beneath a barren gossan, the value of undeveloped orebodies, 
depth to which developed ores may be expected to go, and often the presence or absence 
of any orebody at all. (c) Time of formation of a deposit, relative to other geologic 
events, determines the time relation between undeveloped ore masses and faults, intrusive 
rocks, metamorphism, sediments, and all geologic events that have occurred in a given 
district, and promises to yield valuable data, (d) Knowledge of disturbances that 
HAVE AFFECTED AN OREBODY subsequent to its formation is useful when a deposit has been 
faulted, drag-folded, or affected by regional metamorphism. Faulted portions of ore- 
bodies may often be located. If effects of metamorphism are not too profound, the origin 
of the deposit may still be determined and used as under (a) . In extreme cases of meta- 
morphism, geology furnishes little aid. 

Materials of mineral deposits and their formation. Mineral deposits arc localized 
concentrations of special substances of the earth’s crust; some are of common rock-making 
minerals. Of the 1 400 mineral species, about 30 are common rock-forming minerals ami 
200 occur in mineral deposits. 

Metalliferous deposits consist of (1) Ore minerals, containing one or more metals, they are 
mostly metallic, one or more metals may be obtained from a single mineral, or the same metal 
from several minerals, they are primary or htpoqene, and secondary or slpergene { 2 ) Gangue 
minerals, usually discarded; mostly non-metallic minerals or rock, some are utilized, an rock gangue 
for road metal, fluorspar for flux, quartz for abrasive, calcite for soil dressing. (3) Ore, a mixture 
of ore minerals and gangue, from which metals may be extracted at a profit. Whether material 
is ore or worthless depends upon value of product and cost of extracting and marketing it, also 
upon content of byproducts or gangue minerals that can be utilized. (Quantity of metal varies from 
0.00016%, in case of some gold ores, to 60% for iron ores. Home ores have common metal asso- 
ciations, as Ag and Au, Ag and Pb, Ag and Co, Zn and Pb, Cu and Ni, Fe and Mn, Sn and Wo 

Non-metallic deposits consist of solids, liquids, or gases, and are mostly used in their natural 
state. They are mainly common substances, as fuels, rocks, sands, salts, and various non-metalho 
minerals. The deposits, gem stones excepted, consist mainly of the desired materials, which must 
usually be “processed” for market. 

The materials of mineral deposits are formed by: (1) crystallization from melts, as 
magnetite, (2) sublimation, as sulphur, (3) distillation, as petroleum, (4) supersaturation, 
as nitrates; (.5) reaction of oases with other oase.s, liquids, or solids, as oossiterite, sulphur, 
magnetite; (6) reaction of solutions with other solutions, oases, or solids, the commonest 
process, giving rise to most ore minerals by direct deposition, replacement, oxidation, reduction, 
adsorption or catalytic action; (7) precipitations by bacteria, as iron and manganese oxides, 
(8) unmixing of solid solutions, upon cooling, as ilmemte from magnetite; (0) colloidal 
DEPOSITION, as manganese; (10) weathering processes, placers, clays, bauxite. 

In formation of most ore minerals, water has played the dominant part. Their deposition is 
greatly influenced by temp and press; a drop in temp or press commonly causes deposition of 
minerals in solution. 

Stability of minerals. Most minerals change state in response to environment, and thus are 
indicators of geological conditions. High-temp minerals perish at the surface and take forma 
stable under the new conditions, like pyrrhotite to limonite; surface minerals change to stable 
forms at depth, as clay to mica or garnet; some are persistent, as gold or diamond. Other minerals 
change molecularly; chalcocite formed above 91® C is isometric, but on cooling changes to ortho- 
rhombic; below 91® C it forms directly as orthorhombic; isometric chalcocite, therefore, indicates 
primary origin. 
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Geologic thermometers The above conditions yield geologic "thermometers,” which indicate 
conditions of formation of ores and help diagnose ore deposits They are established as follows: 
(1) DIRECT MEASUREMENTS, as of fumarolos, (2) MSLTiNQ POINTS, as stibiutc at 546° C or bismuth 
at 271° C, which means that the Cobalt, Ont, ores containing Bi mast have been formed below that 
temp, (3) DISSOCIATION, as calcite at 900° C or pynte at 610° C, (4) inversion points, as "high” 
quartz (a high-temp variety formed above 573° C) changes below 573° C to ‘ low” quartz, isometric 
chalcocite changes to orthorhombic below 91° C, and argentite changes to the lower-temp form of 
acaiithite at 179° C (5) exsolution (separation from solution with lowering temp), cubanite 
and chalcopynte exsol ve at 450° C, bornite and chalcopynte at 473° C, and covellite and chalcocite 
at 75° C, (6) RECHYSTAi Li/ATioN, as nati\e copper at 450° C and silver at 200° C (7) uquid 
INCLUSIONS, as Tn-State sphalerite, formed between 115° C and 13 5° C, thus indicating a hypogene 
origin, (8) CHANGES IN PHI SIC AL PROPERTIES, fluoritc loses color at 175° C 

Magmas, rocks, and ores Most metalliferous and many non-metallic deposits result 
from igneous actmtv (1) some igneous rocks are themselves oics, as corundum syenite, 
and magnetite pori)h>»'\ , ( 2 ) certain oies are closely related to igneous rocks, as nickel 
to norite, (3) some igneous intiusions are bordeied by contact rnetamoiphic ore deposits, 

(4) mineral deposits aie ilso foimed fiom Aolcanic emanations, fumaroles and hot spiings, 

(5) veins aie clubtoicd in zonal aiiangement outward from igneous intiusions 

When a magma begins to oivstallize it undergoes diiTerentiation, yielding basic, inter- 
mediate, and siluu fi actions Normally, basic minerals ( rystallize first and sink m the 
melt to form basic fractions Magnetite, chromite, platinum and nickel geneially accumu- 
late with such basic fractions and may form ore deposits within the intrusive As the 
basic minerals aie subtracted, the residual “ rest-magma ” becomes progressively more 
silicic, and granitn magmas e\(ntually become rich in silica, alkalies, and water, some 
may he 8<iucezed into fissures to form pegmatites, contaming many valuable minerals 
With piogressne erj stallization the final aciueous extracts gather the metals and rare 
elements These mother liquors constitute the magmatic solutions that give rise to most 
of the 'valuable mineral deposits 

The result of differenti itioii is to y teld (1) immiscible si lphidb liquids, which settle and form 
magmatic sulphide deposits (2) cu'i ■^tvlh uf silicates and oxides, forming igneous rocks or ore 
deposits, (3) Gxstoi s FMXNvTiONs, which escape and carry out \aluable substances, (4) residual 
liquids, containing rnctals Cbiseous ein inntioris may rea« t upon iri\ aded rocks to produce contact 
metamorphic depasifs, or nvuy O'HSiie outward with their load of metals later to condense and 
nungle witli meteoric wateis to form mineralizing solutions Residual liquids may leave the 
magma as liqvmls and also constitute metallizing solutions Thus, the magma may yield mineral 
deposit within itself and supply gises and hot liquid solutions to form the multitude of contact 
metamorphic and hydrothermal deposits that arc the offspring of magmas 

Classification of mineral-forming processes Recognition of mineral-forming processes 
and the resulting depositi' i'> the basis upon which piospocting, exploration, and to some 
extent, development, depend It is onlv vhon these processes are understood that 
assumptions and predictions as to geologic portion form, size, continuity, character of ore 
beneath < roppings, and often their \aliie, are leliabie Following table t lassifies mimeral- 
forming processes lather thin oie deposits, and is not opposed to the classification m 
8ec 2, Alt 17 It is the basis of the puictital considerations that follow 


Classification of Mineral-forming Processes 


Process of formation 

Magmatic comentration 

Sublimation 

Conta< t mctamorplusm 

Replatcnient 

1* illing of c ivitics 

Sedimentation 

Evaporation 

Residual concentration 

Mech inioal concentration 

Oxidation and supergene < nruhment 

Metumorphism . , 


Resulting mineral deposit 

Svngenetio magmatic deposits (eirly ind late) 

Sublimate deposits 

Cont u t-inet \morphu deposits 

Massive, lode, and dmseminited replacement deposits 
I iM^un* veins, ind other r av ity fillings 
Sedimentary iron, manganese, phosphate, coal 
S dine deposits 

Residuil deposits, oxides of aluminum, manganese, iron 
PI icers 

Oxidized and set ondary enriched deposits 
Metamorphit deposits, asbestos, talc 


b. Magmatic Concentrations 

Origin 18 due to magmatic piocessos during consolidation, some, like nickel and 
diamond, are large and nth Some oies, like magnetite, may form also by processes 
other than magmatic, but others, like Cr and Pt are formed only by magmatic processes. 
The orebody may constitute the whole of an igneous intrusion, as in the magnetite bodies 

T— IS 
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at Kirunavaara, Sweden; more commonly, the useful mineral constitutes a relatively 
small part of the igneous mass, and occurs in disconnected, isolated masses near its borders 
or center. They originate by differentiation; some represent segregations of early formed 
crystals; others, injections of concentrated melts; others injections of residual liquid melts; 
and others injections of accumulations of segregated immiscible liquids. 


Type 

I. Early Magmatic: 

A. Disseminated crystallisation 

B. Segregation 

C. Injection 

11. Late Magmatic. 

A. Residual liquid segregation 

B. Residual liquid injection 

C. Immiscible liqmd segregation 

D. Immiscible liquid injection 


Process 


Example 


Crystallization in situ 
Fractional crystallization 
Concentration and injection 


Diamond pipes 
Chromite deposits 
Kirunavaara, Sweden 


Fractional crystallization residue 
Filter pressing 

Concentration of immiscible liquid 
Same, with injection 


Taberg; Iron Mt, Wyo 
Adirondack magnetites 
Insinzwa, Africa 
Sudbury offset deposits? 


Recognition. Magmatic deposits are composed only of magmatic minerals; labra- 
dorite and olivine are formed in no others. Typical hydrothermal minerals, as rhodochro- 
site, barite, sericite, chlorite, are absent. They are associated with an igneous rock of 
which they are a part or the whole, are never surrounded by a halo of typical hydiothormal 
wall-rock alteration, and constitute a small group of ores, each associated with its own rock 
type. They are distinguished from contact metamorphic deposits by absence of contact 
metamorphic minerals, and from replacement deposits by absence of hydrothermal min- 
erals and alteration. 

Occurrence. Magmatic concentrations occur as irregular marginal segregations, 
rarely as central segregations, also as dikes and irregular intrusive masses. Some are 
stratiform with enclosing igneous bodies, as the platinum and chromite deposits of the 
Bushveld, So Africa. They occur only in association with the mothei igneous rock. 


Valuable products. Some of the valuable magmatic mineral products are: 


Deposit 

Minerals 

Parent Rock 

Native Metals 

Pt 

Pt, and with chromite or Ni-Cu-Co sulphides 

Pendotite family 

Pt metals 

Osmium, indium, palladium, etc 

“ 

Au, Ag 

By-product metals 

“ 

Oxides 

Fe 

Magnetite, some hematite 

Syenites, anorthosites 

Fe-Ti 

Titamferous magnetite 

Gabbro family 

Ti 

Ilmemte 


Cr 

Chromite 

Pendotite, serpentine 

A1 

Corundum 

Neiihehne syenite 

Sulphides 

Ni-Cu 

Ni 

Chalcopyrite, pentlandite, polydimite, sperry- 
lite wTth pyrrhotite, some pynte 

Norite 

Cu 

Bornite and chalcopyrite 

Silicic rocks 

Precious Stones 

Diamond 

Diamond, garnet 

Kimberlite 

Garnet 

Pyrope, alranndine 

Ultra-basics 

Peridot 

Peridot (olivine) 

Pendotite 


Practical applications. Segregations are marginal in position and irregular in form. 
Only those of large horiz dimensions are likely to extend far below the surface. New ore 
can be expected only in or adjacent to parent rocks, and marginal positions afford greatest 
possibility for exploration. 

Extensions in depth are generally unlikely to exceed surface dimensions in case of 
segregations; tonnage possibilities can not safely be predicted on surface showings. Strati- 
form layers may have great extension along strike and in depth, as the Bushveld deposits; 
dikes and large injections may reach considerable depth. The walls are not generally 
abrupt, but merge into parent rock; hence exploratory workings in transitional portions 
are unpromising. Underground exploration for new ore masses not revealed in outcrops is 
hazardous; surface exposures are apt to equal or exceed the size and mimlici of masses 
found in depth. In all igneous deposits, the primary minerals near surface generally per- 
sist to max depth of deposit; changes in tenor with depth are accidental rather than zonal. 

Search for orebodies in undeveloped districts. Igneous deposits are not accompanied 
by an obvious aureole of rock alteration; the onlv indications available to the orosoector 
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are actual ore, and the kind of igneous rock with which such ores are generally associated. 
These are valuable guides; their absence throws suspicion on any reputed occurrence; 
search for diamonds in Arkansas was initiated by discovery of the correct type of rock. 
Common associations are given in the preceding paragraphs. The correct rock mass being 
discovered, search should be made particularly about its margins. Peripheral igneous 
bodies bear a definite relation in size to the parent igneous rock, since large orebodies can 
not V)e concentrated from small rock masses. If size of the igneous mass can be deter- 
mined it affords a clue to size of possible ore masses. Some sulphide bodies he in embay- 
ments of igneous bodies, hence such places should be prospected. 

Magmatic orebodies occurring as dikes differ from ordinary dikes only in their mineral 
content; their expectation in a district can not bo predicted by geologic features; they 
are “ where you ftnd them.” Dikes of ore, though rare, are particularly reliable bodies 
upon which to count for persistence m depth. They can be recognized by: (a) igneous 
minerals; (6) lack of accompanying rock alteration; (c) included irregular fragments of 
country rock, not crusted by ore minerals, as in cavity-filled deposits. 


c. Sublimation 

This ver>’ minor process accounts for certain deposits associated with volcanoes and fumaroles; 
they have been directly volatilized by heat and subsequently redeposited in the same form at lower 
temp and press Sublimates deposited around volcanoes are rarely present in commercial quanti- 
ties. Sulphur of this origin has been mined in Japan, Italy and Mexico 


d. Contact Metamorpbism 

Contact metamorphism or pyrometasomatism (648) gives rise to distinctive ore 
deposits, where certain igneous rocks invade carbonate rocks. The deposits are charac- 
terized by an assemblage of diagnostic high-temp minerals resulting from reaction of the 
magmatic vapors on the host rocks. The characteristic features of such deposits are; 
(a) proximity to intrusive, {h) calcareous host rook, (c) distinctive mineral association, 
{(i) intimate assricmtions of ore and ganguo minerals. The new minerals result from 
recombinations of former minerals, accessions from the magma, and combinations of both. 
The accession minerals (including ore minerals) are deposited by metasomatic replace- 
ment 

Minerals of contact metamorphic deposits (common minerals marked with asterisk). 


Minerals partly of recrystallization and partly accessions 


♦Grossularite garnet 

♦Diopside 

Gahnite 

Staurolite 

Paigite 

♦Andradite garnet 

Augitc 

Andulana 

Quartz 

Topaz 

Aximte 

Korstenlo 

Albite 

Sidente 

Apatite 

Tourmaline 

♦Tremolite 

Biotite 

♦Ilvaite 

"Skarn” 

*\N olhistomte 

♦Aetinolite 

♦Calcite 

Graphite 

Pyroxene 

♦Scapohte 

Hornblende 

Fluorite 

Ludwigite 

Garnet 

’•'Kpidote 

♦\ esuviamle 

Zoisite 

Hulsite 

♦Epidote 

♦Hedenbcrgite 

♦Spinel 

Andaiusite 




Mineral accessions from intruoive rock 


♦Speeularite 

Bormte 

Molybdenite 

Cassitente 

Tetradymite 

♦Magnetite 

♦Sphalerite 

Arsenopyrite 

Willemito 

.Vltaite 

♦Chalcopyrite 

Pyrrhotite 

Galena 

Pynte 

Scheehte 


Original rock minerals 

Clay Quartz Calcite Dolomite 


The most diagnostic minerals are limo silicates, magnetite, and speeularite with sulphides, in 
intimate relationships. Common types of deposits and mineral associations are: 


Metal 

Iron 

Copper 

Zinc 

Lead 

Tin 

Tungsten 

Molybdenum 

Gold 


Chief metallic minerals 

Magnetite, hematite 

Chalcopyrite, bormte, pyrito, pyrrhotite, magnetite 

Sphalerite, magnetite, pyrite, pyrrhotite, galena 

Galena, sphalerite, magnetite, chalcopyrite, pynte, pyrrhotite 

Cassitente, wolframite, magnetite, pyrrhotite 

Scheehte or wolframite, molybdenite 

Molybdenite 

Arsenopyrite, native gold 


Examples 

Cornwall, Pa 
IMorenci, Ariz 
Cananea, Mex 
Hanover, N M 
Inyo Co, Cal 
Saxony 

Mill City, Nev 
Yethohn, Australia 
Hedley, B C 
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Practical considerations. Contact metamorphic deposits are mainly confined to 
certain rock types. They are not associated with extrusive rocks, such as rhyolite or 
andesite, but only with granular, deep-seated intrusives; they 
are rare with extremely silicic or basic rocks and are most com- 
mon with intermediate types, as monzonite, graiiodionte and 
diorite. Position of deposits is influenced by faults and by dip 
of host rocks; such channelway s conduct vapors outward from 
intrusive. They are usually confined to within 100 ft of intrusive 
contact (Fig 6); hence search should be directed to marginal 
areas, or where channclivays extend outward, as at Rochester, 
Nev; large roof pendants included in intrusive are particularly 
favorable sites for ore, as at Mackay, Idaho. Inferences fiom 
outcrops as to form and size are unreliable, because orebodies are 
so irregular in form. Orebodies are irregularly distributed in 
contact aureole and generally unconnected; hence much explora- 
tion IS required and predictions of extensions far beyond ex- 
posed places are unsafe. Irregularities in tenor are common, and 
aver grade is low. 



Fig 6. Contact Meta- 
morphic Deposits of 
Magnetite in Limestone, 
surrounding Intrusive 
Mass of Andesite, Iron 
Springs, Utah (Shading 
= Ore; Stipling = Con- 
tact Minerals ) After 
Leith 


e. Replacement 


This IS the dominating process of mineral deposition in 
epigenetic deposits. It is a gradual process of simultaneous 
solution of minerals and rocks, and of deposition iii the same 
space, volume for volume. Thus, a cubic meter of limestone may be replaced a 
cubic meter of sulphides, which often retain the limestone structure. The interchange is 
not molecular, but is of molecular proportions. Replacement is accomplished by luiuid or 
gaseous solutions and almost any rock may be replaced by ore, although cai bonate rocks 
are most susceptible; it is helped by fiactures or schistose structures in the host rocks, 
takes place at normal temperatures (supergene enrichment) and at low, intermediate, and 
high temperatures. Replacement bodies are commonly siii rounded by a halo of rock 
alteration, particularly those in igneous rocks. Replacement bodies may be massive, 
lode-fissure, or disseminated. 

Criteria of replacement: (a) structure of original roek preserved in ore, ih) unsup- 
ported nuclei of original rock surrounded by ore (such as could not have remained sus- 
pended in an open cavity); (c) doubly terminated crystals that have growoi fieely on all 
sides; (d) crystals and ore faces intersecting original rock stiuetures. Distinctions 
from magmatic deposits by above criteria and hydrothermal mineralogy; from contact 
metamorphic deposits (emplaced by replacement) by lack of contact metamorphic 
mineral assemblages and presence of hydrothermal minerals (these tw’o tyrios grade into 
each other); from cavity fillings by above cnteiia and lack of crustifieation and vugs. 

Features affecting search for and exploration of replacement bodies. The form and 
size, often not predictable, are controlled by. (a) homogeneity of rock; {h) form and 

structure of host roek; (c) numVicr and distribution of 
channels of access, (d) mode of replacement. Since 
replacement can not occur without entry of solutions, 
channels of access are important guides to oie sites, an 
oiebody may occur wheie a fissiiic intersects a con- 
genial bed of limestone; thus more ore mav be expected 
wheie similar hssures interbcct the same lied. Form of 
leplacemeiit masses in homogeneous loeks like lime- 
stone is generally detei mined by arrangement and 
distribution of minute fissures. In non-homogeneous 
rocks, like alternating beds of lime and shale, flat 


.Fig 7 Plan of Flat Shoots in 
Thin Sedimentary Layers ( \rrowR 
show Dnection for Crosscnts and 
Drifts) 




T Quartzito 


Fig 8 Narrow Red between TTnfavorablc Formations 
(Heplaced along Fissure Zone so as to giv'c Deposit a 
Bedded Foim). (/ross-seo 


shoots develop in the limestone where it is intersected by fissures (Fig 7) ; closely 
sps^^d fissures result in wide bedded shoots (Fig 8). Replacement may begin in dis- 
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connected centers, causing disseminated deposits; if continued, the centers coalesce to 
form a large solid orebody. Such ore boundaries are generally sharp (Fig 9-12). For 
full discussion, see Bib (649). 

Search in sedimentary rocks. Most replacement deposits in sediments are localized 
by fissures that cross favorable beds; the ore spreads out within beds on either side of 
fissure, giving use to tabular-shaped bodies (Fig 12). Undersides of impervious beds are 
particularly favorable. Search should be made by following fractures toward a favorable 
bed, and crosscutting in that bed normal to trend of fissure 
system (Fig 7, 12). Search in igneous rocks should be 
conducted along fracture zones, or within areas of intense 
hydrothermal alteration. 




« Porphyry 



Porplyrry 


Fig 9 Oreshoot in 
bimestone, Leadville, 
Colo (CrreatCHt I'xteii- 
81011 across Bod, be- 
cause of Dormnant 
Control of I'lssnred 
Area) Cross-sec 
After V. A Blow 



Fig 10 Irregular 
Tendency toward 


Replacement Orebody in Limestone (Showing 
Clreatest Extent Parallel to Bedding Planes). 
Longit sec. After A A. Blow 



Fig 11 Massive Replacement of 
Shattered Clay-slate and Cbay- 
WMcke, Rio I'luto, Spam (Form 
dctci mined by IXtcnt of Zone of 
Shattering). Plan 



Fig 12 Section on AB (Fig 7), showing Posi- 
tion of Favorable Bed, and Occurrence of Ore 
in it along Fissures, also Position of Drift 
beneath Cap Rock 


Outcrops of replacement bodies. Replacement veins are irregular in outline; outcrops 
may not bo commensurate in size with underlying orebodiea. Disseminated replacements 
in igneous locks are confined to, limited in size by, and have extent of, the fractured area 
in which they are localized Heplaceineiits m sedimentaiy rocks generally have greatest 
extension parallel to bedding pianos, hence, in flat rocks, outcrops are large in proportion to 
volume of ore. Inclined beds, as at Leadv'ille, Colo, outcrop only where the edges of 
including limestone are eiodod, Nlight outcrops then often represent largo deposits and 
justify search in depth. Mineralized fractuie.s should be followed downward to favorable 
bods whole lateral exploiation can be (*airied on In vert beds, replacement bodies often 
have an adeiiuatc outciop, \Nhich leprosents expectations below. 

Examples of some replacement deposits. In the following are given, first the ore, second the 
type, and third the location Iron magnetite, Dover, N J, Lyon Alt, N Y; hematite. Iron Mt, 
Mo. Fopper dis.semimited, porphyry coppers, Utah Copper, lode, Kennecott, .\laska, Magma, 
Ariz, massive, Bi.sbee, Ariz, Norandti, ()ue, Boliden, Sw'eden, Le\d massive, Leadville, Sullivan, 
B (L lode, Coeur d’Alene, Idaho, Tinlic, Utah, disseminated, S E Mo Zinc massive, Fhn Flon, 
Manitoba, Silesia; lode, Fianklin Furnace, N J. Gold lode, Homestake, S D, Kirkland Lake and 
Porcupine, Out. Silver lode, Cerro de Pasco, Peru, Park City, Utah Tin pipes, Transvaal. 
Mercury lode, Almaden, Spam. Molybdenum, disseminated, Climax, Colo, Utah Copper, Utah. 


f. Cavity Filling 

This consists of deposition from solutions of ore minerals in pre-existing openings in 
rocks. The kinds of cavities that are filled and the resulting mineral deposits are: 


Cavity 
Fissures 
Shear zones 
Joints 

Tension cracks 
Saddles 


Deposits 

Fi.ssure veins 
Shear zone deposits 
Ladder veins 
Stockw'orka 
Pitches and flats 
Saddle reefs 


Cavity 

Irregular caves 
Channels 
Gashes 
Breccias 
Volcanic 
Collapse 
Tectonic 
Pores 
Vesicules 


Deposits 
Cave deposits 
Cave deposits 
Gash veins 

Pipes 

Breccia fillings 

Disseminated 
Vesicular fiUinga 
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Cavity-filling deposits generally display comb structure or crustification, consisting of 
layers of different minerals on or about country rock (Fig 13), with crystals projecting 
toward former opening; vugs are common. Minerals are typically hydrothermal, ranging 
from normal- to high-temp minerals; commonly, intermediate to low. Cavity-filling 
deposits grade into replacements, usually accompanied by some replacement of walls or 
included country rock (Fig 14). The replacement part may constitute the bulk of a 
deposit; hence, prompt recognition of this feature is desirable. 



Fig 13. Single Filled Fissure 


Center of 
Intensity 



Fig 15 Sheeted Zone (Cross-sec), 
showing Largest Number of 
Cracks at Seat of Heaviest Move- 
ment 


boUd ore 

Panllel lodes ' > Parallul lode# 




Fig K) Vein dividing into Lenses en rchdnn 
on pas.sing at Small Angle through Cleavable 
Formation 


Fissure veins are the most important type of cavity filling. Their formation involves 
formation and filling of fissure, which may occiii simultaneously or be separated by long 
time intervals. Varieties, (a) simple filled cracks, (h) sheeted zones (Fig ir>), consisting 
of closely spaced parallel cracks filled with ore, (c) single, fat lenses, commonly in schists 
(Fig 16) ; (d) composite, wide zones of nearly parallel fissures connected by diagonals 
(Fig 14). 

Physical details. Most fissure veins are narrow and inclined. When exposed at 
surface, the outcrop is straight or curved, depending upon dip of fissure and surface relief. 

Veins aie seldom planes, usually of complex 
cuivature, and characterized by pinches and 
swells (Fig 17), branches, horses or included 
masses of country lock, anastomosing (Fig 29), 
and brecciation. Walls aie frozen or free, 
and may be marked by selvage or gouge, or 
they may be commercial, that is, ore giades 
into country rock with no definite wall. 

Practical considerations. Prospecting, ex- 
ploration and development are often based 
upon assumption that fissures continue con- 
siderable distances along the strike observed at 
one point. This leads to enors m locating 
shafts, adits, or crosscuts to intersect vein, and 
in locating claims with respect to vein apex. 
Knowing the aver strike reduces risk m 
predicting extensions from a single exposure; trenching, and observation of aver strike 
should precede selection of sites for openings. Aver tiend of other fissures m district is 
suggestive. If bedrock is covered, surface exploration for continuation of a fissure may 
be guided by projecting its apex on to a topographic map (see Art 5). Dip of fissures has 
little relation to their size or continuity. Most fissures have high dip (.50°-90°); the 
North Star vein (dip about 20°), Grass Valley, Cal, is an exception. It is not true that 
veins of low dip are never wide. Dip may vary greatly; projections of dips observed at 
only one point are unsafe unless attested by geologic habit of other fissures of district. 
Fissure veins generally have small displacement; large faults m a district are not often 
mineralized; much exploration has been wasted on them. 

Fissure systems. Except in case of a few large veins, like Comstock Lode, fissure veins 
seldom occur alone. The strains that produce fissures of small displacement generally 
find relief in many cracks. Fissures of approx same trend form a system. There may be 


Vj l . . 


OBSERVED CONDITION 


POSSfelLITY a 




Direotion of drift 


^ 

POSSIBILITY EXPLORATION ON EXTENSIVE 
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POSSIBILITY o 

Fig 17 
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several systems in a district; intersecting systems may be of different age and displace 
each other, as at Butte (Fig 18), or may be cognate, formed contemporaneously due 
to same cause (Fig 19, 20). Varieties of cognate systems: (a) parallel, (6) intersecting, like 
cleavage in augite (Fig 20), (c) fan-shaped, (d) radial, as at Cripple Creek, Colo. 

Practical considerations. It is often erroneously assumed 
that the wall of a vein means the limit of metallization. 
Since parallel fissures are common (Fig 21, 22) crosscutting 
is advisable, especially in early stages of development, and 
has yielded fruitful results, as at Camp Bird, Colo, and 
Kennecott, Alaska. 





feient Ages, Butte 


Fig 10, Vein System; Fissures 
All Cognate (Part of a System 
in Harz Alts) 


Fig 20 Two Intersect- 
ing and Mutually \1- 
ternating Systems, 



Fig 21. Large Filled Fissure 
with Paiallel Lodes 



Fig 22 Two Parallel 
Lodes overlooked 
through Insufficienoy 
of Lateral Exploration 


Fis.suros of same system are generally of same age and mineralization; those of cog- 
nate groups are mineralized alike. Fissures of different systems usually have different 
mmeials. ores, and values (Frcibeig, Saxony), veins of different ages may also have dif- 
ferent o\\nership rights. Younger fissures pass through and fault earlier ones, and such 
intorsoetions do not carry same apex rights as junctions of cognate fissures. An inter- 
secting cognate system (Fig 20) will be mineralized alike, two different inteisecting systems 
\\ill be mineralized unlike. Relative ages may l>e deter- 
mined by. (a) relation to rocks of known age, one cutting 
a poiphyry and the other cut by it; (h) if of different 
ages, one generally faults tlie otlior m same direction; 
ore of older is crushed and dragged, and ore banding of 
younger passes through older (Fig 23). Teinnnation of 
one vein against another does not imply faulting, since 
the two may be cognate (Fig 20) ; (c) in contemporaneous 
cognate fis.snres the ore bands will not lye broken, but 
turn from one into the other (Fig 24). These may suffer post-mineral movement simu- 
lating different ages. 




Fig 2.5. Fissure Deflected by New Formation, due to Small Angle of Incidence 

Fig 26. Fisstue, fiist Deflected, then Entering New Formation 

Fig 27. Fissure at Small Angle of Incidence may enter thus without Change 


Effects on fissures of change in formation. Since rocks fracture differently, fissures 
generally change in passing from one formation into another (Fig 25-32). This change is 
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often for the worse, since initial exploitation usually starts on widest and richest portions. 
A fissure meeting a new formation at a low angle of incidence may be deflected (Fig 25) 
or refracted (Fig 26); rarely, there is no change (Fig 27). The higher the angle of inci- 


Granlte 



Fig 28 Fig 29 Fig 30 

Fig 28 Fissure at High Angle of Incidence often Enters \\ithout much Change 
Fig 29 Change in Gottlob Alorgerigang, Freibetg, on Passing from Giay Gneiss into Quartz- 

poiphyry (after Beck) 

Fig 30. Fissure Pinching Out on Entering New Formation 

dence, the less the probable change (Fig 28). Passage into a more brittle rock causes 
spraying (Fig 29); into less rigid rocks, pinching (Fig 30-31); into tough locks (shales), 
dying out (Fig 32) ; and angling into a fissile rock causes an en echelon dispersion into 
lenses (Fig 16). 


Fig 31. 
Fig 32. 



Seven-thirty Vein, Georgetown, Colo, Pinching on Passing from Granite into Porphyry 
^Bull 200, I'SGS) 

Large Fissure Ending Abiuptlv on Passing iiitt> I'asily Dislurled Shale, Curay, Colo 
(Bull 200, USGS) 


Practical considerations. A geologic map, showing formations in path of fissure vein 
along strike and dip, permits predi(5Uons as to expected lieluivior. Any change in forma- 
tion may produce a physical or mineial change in a fissure v(*m. OuIck^jh ot viuns 
Erosion sui face restricted to one of several equally ex- 



posed formations indicates tlie latter 
are unfavoiable. Mont favorable are 
homogeneous toirnations, as nioiizomte. 
A finsuie vein can not entei a rock later 
in age than itself, foi example, an m- 
tru.^ue andesite 

Fissure veins terminate witliin a 
homogeneous formation by: (1) abut- 
ting a fissure or fault (Fig IS), (2) 
splitting into diverging stiingeis (Fig 

29) , (3) pinching to a moi(‘ crack (Frg 

30) . The possibilities of pinching aie 
(Fig 17): vu) a pinch iiiteivening be- 
tween two swells, Qj) a final termination, 
(c), contmumg as an o\ or lapping cn 
echdon fissuio. In the last ease, cioss- 
cutting js advisable. Terminations 
in non-homogeneous formations are 


Fig 33. Longit Projection of Fissure, Showing 
Relation of Length to Depth, Depending on Depth 
of Erosion. 6 ’i, Erosion vSurface Gives Blind Vein, 
/S 2 , Depth Greater than Length, 83, 84, Erosion 
Revealing Medial Sections, with Depth Approx 
Half the Length; 85 , Roots of Vein, Length Greatly 
Exceeding Depth 


shown in Fig 29-32. 

Predictions as to depth. Deep 
exploration and estimates of ore ton- 
nage and life of mine depend upon 
piedictions as to expected depth. If 
no change of formation is indicated. 


low-temp and press minerals often mean shallow depth, while medium- to high- 


mean greater depth. Strong fault fissures commonly extend to depth, weak ones are apt 
to be shallow. As a rough rule, the depth will equal about half the length, depending 
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upon the depth of erosion. Shallow erosion may fail to expose a “ blind ” vein; progres- 
sively deeper erosion may reveal the top, medial portion, or roots of a vein. If the top is 
exposed, the depth may equal the length; if the medial portion, half the length; if the 
roots, less than half the length. This is based on assumption that fissure veins originally 
are loughly circular, lens-shaped bod- 
ies (Fig 33). With erosion surface 
at *S' 2 , the depth is practically a diam ; 
at Sz or *S’ 4 , the outcrop is a diam and 
the depth a radius; at the outcrop 
is a chord and the depth only part 
of a radius. Depth of erosion may 
be estimated by. (a) top of vein is 
indicated if enclosing formation has 
not sufieied much erosion, as in Boul- 
der batholith, Mont; (b) rarely, fault 
scarps may indicate recency and lack 
of erosion; (c) extent of associated 
placers may roughly measure the 
amount of erosion; (d) contiast V>e- 
tween zone of secondary enrichment 
(see later) and primary ore permits 
an estimate of amount of erosion; a 
thick zone of rich secondary sulphides 
overlying low-grade primary ore means 

extensive erosion of upper part of vein; (e) district habit of veins may afford a clue; 
veins of Cobalt, Ont, are shallow. 

Ore shoots. Commercial minerals of most veins are concentrated in ore shoots of 
various shapes and sizes. Common types: 1, open space, due to available open space, or 
“swells”; 2, intersection, due to vein intersections; 3, impounded, due to damming of 
solutions by impervious barriers; 4, wall-controlled, due to effect of wall rock upon 
precipitation; 5, structure-controlled, due to decrease of temp and press; 6, recurrent, 
due to successive periods of metallization, 7, unsolved, includes many. Recognition 
by mmcialogy, assays, and plotting of distribution. 



Fig 34 Assay Sec on Plane of Vein, Showing Lines of 
K<iual Widths of Vein Filling High Values (Shaded 
Areas) Coi respond to Relatively Great Widths, and 
8how that the Two are m Some Way Related 


all 


Geological assay maps help determine localization and expectation of shoots and aid exploration. 
Plot a longit sec of vein, showing rocks, fissures, oxidized, enriched, and primary zones, vein widths 
by contours, and outlines of ore shoots (restricted to primary ores. Fig 34-36). The superposition 
may show a definite relation between ore shoots and influence of w'all rock, as within diabase dikes 


Fig 36 Sec Along Vein (Solid Lines =» Geol 
on Far Wall; Dotted, on Near Wall Shading 
I ndie it es High Value, or Commercial Ore Ore 
Shoots Due to Presence of Older Intersecting Vein) 

(Fig 35) (hence other dikes suggest places for exploration); or to intersecting fissures (Fig 36), 
showing that other fissure.s of same system may also localize shoots; or to widths of fissure (Fig 34). 
If vein occupies a fault fissure, the geology of both walls may be plotted on separate tracings, which 
can then be shifted over each other until the geology coincides, thus giving the fault displacement 
(both walls are on same drawing m Fig 34-36). Shoots may be independent of above causes; 
then the only guiding rule for search is that they are apt to recur at fairly regular intervals. 

Examples of fissure veins. Gold- Oipple Cieek, Colo. Mother Lode, Cal, El Oro, Mex, Kal- 
goorlie, Aust Silver Pachuca, Mex, Potosl, Bolivia; Cobalt, Ont, Tmtic, Utah. Silver-lead: 
San Juan, Colo, Pizibram, Bohemia, Freiberg, Saxony Copper- Butte, Mont; Cerro de Pasco, 
Peru (’lausthal, Prussia, Linares, Spain. Tin Llallagua and Iliianuni, Bolivia, Cornwall, 

Eng. Antimony Hunan, China. Mercur-i New Idna, Cal. Tungsten Kiangsi, China. 

Other important cavity filling deposits. Shear zones are wide zones of fracturing impregnated 
by ore muieials. They constitute large and important deposits of Cu, Au, Zn and other metals. 
Mostly, replacement deposits L.addbu veins are short, transverse, coolmg-jomt cracks in dikes. 



Fig 33. Sec of Veins Showing Geology Platted 
on Walls (Solid Lme.s = Far Wall, Dotted 
Near Wall Shading Show’s how Ore Shoots 
Occur only between Diaba.se Walls) 
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Transverse lengths are no greater than width of enclosing dike, but longit lengths may be great. 
Where closely spaced, the dike as a whole may be worked, as at Morning Star, Victoria. Stock- 
woxKS are masses of rock traversed by a network of small veinlets, so closely spaced that the whole 
mass may be mined. Their typical habitat is in upper part of a stock. Stockworks make large 
deposits of Sn, Au, Cu, Pb, Zn and other metals. Most of the world’s lode tin comes from stock- 
works, that at Altenberg, Ger, being 3 000 ft across. Saddle beefs are openings occurring when 
alternating competent and incompetent beds are folded into close anticlines A vert cross-seo 
resembles that of a saddle. Leg-lengths, 100-300 ft; a single axis was horizontally followed for 
3 000 ft in Bendigo, Australia, where 300 million dollars m gold were produced from such deposits. 
Saddles occur one below another, at Bendigo, mining has reached 4 600-ft depth. Pitches and 
FLATS are tension cracks accompanying gentle warping in sediments. Wisconsin lead and zinc ores are 
examples. Solution cavities in the form of caves, galleries, and gash veins are a source of Pb, Zn, 
Cu, Hg and many other ores. They occur only in soluble rocks, generally resting upon an insoluble 
rock. Breccia fillings are spaces in breccias occupied by ores* (a) volcanic breccia pipes (Basaick 
mine, Colo), (6) collapse breccia deposits, due to collapse of rock overlying a large solution cavity; 
these are common in Utah, Ariz, Colo, and Mex, and contain large deposits of Cu, Zn and Ag-Pb 
ores, at Bisbee, Ariz, they form a crackled siuface area, 1 000 ft above the ore, (c) tectonic breccias, 
resulting from tectonic stresses; these contain large Zn deposits in Tenn. Pore space fillings 
are found where rock pores are impregnated, as by Cu, vanadium and radium minerals, and oil in 
sandstone. Vesicular fillings are the filling of lava vesicles or blow holes, as in Lake Superior 
amygdaloidal copper deposits. Exploration should follow the tops of lava flows. 


g. Sedimentation 

Sedimentary processes (650) give rise to commercially valuable deposits, as Fe, Mn, 
Cu, uranium, phosphates, sulphur, magnesite, bentonite, building stones, cement rocks, 
commercial clays, and coal. The world’s largest reserves of Fe, phosphates, and clay are 
of sedimentary origin. The deposits are relatively thin, but widely distributed; those 
of Fe, as the Clinton ores of the U S, and the “ minette ” ores of Central Europe, occur 
over hundreds of square miles. 

Practical considerations. Such deposits vary little m thickness or grade over short 
distances; hence relatively few openings are necessary to delimit ore and estimate values. 
A single ore bed may be repeated in outcrop by folding or faulting. Exploration is guided 
by fixing the position of beds in the geologic column and by revealing the structure fwm 
surface mapping. 


h. Evaporation 

Evaporation of bodies of marine, lake, and sub.surfaee waters yields commercial 
deposits of salt, gypsum and anhydrite, ixitash, nitrates, borates, sodium carbonate, 
sodium sulphate, lime, and travertine (651). Salt, gypsum, potash, and nitrate deposits 
support large industries. When sea water is evapoiated to about 1/2 its volume, Fe 203 
and CaCOs are der>osited; to 1/5 vol, gypsum or anhydrite; to l/io vol, common salt; 
next, magnesium sulphates and chloride, and lastly the bittern salts, including potash. 
Evaporation of 1 000 cu ft of sea water yields only 0.7 cu ft of gypsum. When common 
salt is not imderlain by gypsum it means that a cut-off body of sea water has Vieen shifted 
or tilted into another basin after the gypsum has been deposited. Potash deposits (as 
Stassfurt, Germany, and New Mex basin) represent enormous concenti ation by draining 
into residual settling pools. The IT S potash basin, recently developed, has an area of 
40 000 sq miles, of which 3 000 are known to contain sylvit/C, carnallite, or langbemite; 
present potash mining is centered m 33 sq miles near Carlsbad, N Mex. 

Practical considerations. Statements given for “ sedimentation ” above apply also to 
marine products of evaporation. Salt and gypsum alternate in layers; they also alter- 
nate with potash beds. Beds are generally horiz, and search is made by vert drilling. 


i. Residual Concentration Deposits 

These result from removal of undesired materials and accumulation of an insoluble 
residue of desired substances by weathering. Requirements: (a) rocks containing valu- 
able minerals that are insoluble; (b) climatic conditions favoring chemical decay; (c) gentle 
topography, on which residue can be retained (erosional plateaus are especially favorable) ; 
(d) long-continued crustal stability, to allow quantity accumulation. In one case, the 
residue is an accumulation of a pre-existing mineral that has suffered no change (iron oxide 
in limestone, liberated by solution of Iime.stone and accumulated as a residual deposit of 
iron ore). In another case the residual mineral is caused by weathering, as the feldspar 
of a syenite decomposes to form bauxite, which accumulates to form a deposit. Source 
materials; (a) pre-existing deposits, as siderite that jdelds iron oxide ore; (b) disseminated 
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minerals in rocks, as iron or manganese oxides in limestone or chert; (c) rock minerals that 
weather to new constituents, as clays, bauxite. 

Residual iron ores result from solution of enclosing limestone or chert, and accumulation as 
hematite or limonite; as at Lake Supierior and Mayari, Cuba; also Appalachian brown ores. 

Residual manganese deposits are the source of most manganese. They are the accumulation of: 
(o) manganese oxides disseminated in limestone or dolomite (southern U S) ; (b) of manganese 
silicates in crystalline schists (India, Gold Coast, Braail); (c) of former manganiferous deposits 
(Butte, Mont). 

Bauxite deposits result fiom special conditions of tropical weathering of aluminous rocks, free 
from quartz, upon old erosion surfaces. Such weathering is lacking in the soils of tempeiate regions. 
Aluminum silicates break down, forming the bauxite, gibbsite, boehmite and diaspoie, silica and 
iron are removed m solution and bauxite accumulates. Deposits of Arkansas come from nepheline 
syenite; those of France and Southern Europe are beds and pockets from limestone impurities; 
those of Guiana and Gold Coast are blankets from crystalline schists; those of Russia are trans- 
ported bedded deposits. 

Residual clays result from weathering of aluminous rocks. They consist of kaolinite, halloysite, 
and impurities Orthoclase breaks dowm to form aluminum silicate, and soluble potassium car- 
bonate and silica. The kaolins or china clays come from pegmatite dikes; other industrial clays, 
from other rocks. 

Other residual products include zinc, tin and nickel ores, kyaiiite, barite, phosphates, tripoli, 
and ochers 

Practical considerations. Search for these deposits must be confined to present or ancient 
erosion surfaces As they are mostly flat blankets they can be explored by vert drilhng or test 
pits. They usually contain impurities, which affect their value. 


j. Mechanical Concentrations (Placers) 

Placers result from weathering of enclosing rocks or gangue, releasing valuable sub- 
stances which are then concentrated by water or air. Stream, beach, eluvial, and eohan 
placcKs are thus formed. For concentration, the ore minerals must be of high sp gr, 
chemically resistant and durable. The common placer substances are Au, Pt, cassiterite, 
magnetite, chromite, ilmenite, native Cu, precious and semi-preeious stones, zircon, 
monazito, and phosphate. The materials are derived from: (a) commercial lodes (Mother 
Lode) Cal, (h) non-commercial lodes (veinlets of cassiterite); (c) sparsely disseminated 
minerals (Pt grains) ; (d) rock-forming minerals (magnetite, zircon) ; (e) former placers. 
The most favorable sites for placers are where weathering is deep and topographic relief 
exists. Stream placets form pay streaks on stream bottoms where swift water slackens, 
as below rapids, canyons, and inside of meandering curves. Pay-streaks may become 
buried by stream meandering. Former stream placers may be left as bench grav'elsor 
HIGH-LEVEL gruvels, that have been covered by lavas, and later exposed by stream canyons 
with different coiiises. 

Eluvial placers are those formed in regions of deep decay, just below the outcrop of the source 
lodes, where streams ha^ e not worked them (gold and cassiterite). Beach gravels form on sea 
beaches (gold at Nome, Alaska, and zircon, monazite, and ilmenite in India). Eolian placers have 
been concentrated by the wind iii Australia. 


k. Oxidation and Supergene Sulphide Enrichment 

When ore deposits are weathered, surface w^aters oxidize many minerals and yield 
solvents that dissolve other mmeials. Thus, the upper part of a deposit becomes oxi- 
dized and leached down to the water table, forming the oxidized zone. The metallic 
content of the down-tiicklmg solutions may be precipitated beneath as sulphides, to form 
the 81 I’ERi.ENE auLFiiiDE ZONE. Thc Unaltered lower part is the prim.ary zone. The 
upper parts arc thus impoverished and the lower enriched. Outcrops must be interpreted 
in the light of these changes, if the ore m shallow surface workings is primary, no abrupt 
change may be expected below, if secondary, lower-grade ore may be expected beneath it. 
Supergene enriched ore may give way beneath to rich primary ore, as at Bisbee, Ariz, 
or to valueless protore, as at Ray, Ariz. A knowledge of superficial changes and ability to 
recognize secondary ores, and the characteristics of orebodies beneath superfiical zones, 
are invaluable aids in prospecting, exploration and development. 

Oxidation and solution in oxidized zone ( 652 ). On weathering, most metallic minerals 
are leached or altered to now compounds which require metallurgical treatment different 
from the original materials. Deposits containing sulphides and arsenides are most sus- 
ceptible. Water and oxygen act on pyrite to form H2SO4 and Fe2(S04) 3 ; the latter attacks 
pyrito to form more ferric sulphate, which dissolves Cu, Zn, and Ag, forming soluble 
sulphates of these metals. In the presence of MnO and NaCl it also dissolves Au. The 
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oxidized zone thus becomes impoverished in these metals. Some of the iron sulphate 
hydrolyses to limonite, which remains behind and forms a rusty gossan or capping. 

Gossans and cappings are indicators of what lies beneath. Other stains than limonite 
may persist and signify their source minerals. Discovery of gossan warrants exploration. 
Gossans result from massive deposits; cappings from disseminated or porphyry deposits; 
both are called croppings. In croppings, the iron of sulphide derivation may become fixed 
at the site of the original sulphides, forming indigenous limonite, or be dissolved and 
removed, forming transported limonite. The former indicates the previous presence of 
Cu; the latter, the lack of it, pyrite predominating. The explanation is that Cu acceler- 
ates formation of the insoluble ferric iron, while free acid, yielded by pyrite oxidation, 
tends to keep the Fe in soluble ferrous state, so that it can be transported. Recognition of 
the two types of limonite provides inferences as to character of underlying ore. Indigenous 
limonite occupies the voids vacated by sulphides; it is never outside of the voids; its 
structure indicates the kind of predecessor sulphide. It is compact, hard, and has sub- 
dued colors. Transported limonite has moved outside of the voids, in presence of 
reacting gangue it is precipitated as a halo around the void and floods the lock; m meit 
gangues it may move far, forming paints and crusts in cracks. False gossans are formed 
by transported limonite which, distant from its source, has met precipitating agencies such 
as carbonates. They lack indigenous limonite and do not overlie ore. Copper likewise 
may migrate from its original site and be precipitated by limestone as copper carbonates. 
Such stains are deceptive because they do not overlie ore ; they show no voids, no indige- 
nous limonite, and no indigenous copper carbonate. 

Inferences as to hidden deposits (653). Form and size of Kossan are generally the same as 
those of underlying deposit; a fissure-vein gossan is of obvious shape, irregular leplacement or 
contact deposits also give irregularly shaped gossans, sheeted lodes may be indicated by sheeting 
in the gossan. The outline of "porphyry” deposits can be determined by mapping features char- 
acteristic of copper in capping. The gossan may be much larger than original depo.sit, due to 
"mushrooming” or spilling over of Fe 208 from original sulphide site Croi’I’Ino minerals, if 
present, give positive clues as to mineral content. Their absence does not indicate lack of ore 
beneath. Specks of relict sulphides often persist m quartz. Stains of Cu, Mn, Co, Ni and Mo may 
indicate corresponding minerals. Voids, if lacking, indicate absence of underlying ore, if present, 
their abundance indicates former sulphide abundance, and shape may indicate minerals, as pyrite 
and galena cubes, or arsenopyrite spears Limonite colors are indicative* seal bro^^n, maroon, 
and orange colors indicate Cu, yellows and brick reds, pyrite; deep browns and yellowish browns, 
chalcopyrite; orange to chocolate, chalcocite or galena; tan to brown, sphalerite Limonite 
STRUCTURES (C53) are quite diagnostic. Indigenous limomte assumes various boxwork structures, 
as "coarse cellular” indicating chalcopyrite, "fine cellulai,” bornite and chalcopyrite, "ccllulai 
sponge,” sphalerite, "relief limonite,” chalcocite (For fuller description, see Bateman; Economic 
Mineral Deposits, Chap 5). Rock alteration distinguishes primary and supergene metallization 
Much sericite indicates much primary metallization, if this is highly kaolinized it indicates extensive 
Bupergene alteration with expectation of sulphide enrichment. 

Factors controlling and limiting oxidation. Lack of oxygen generally occurs at the water table, 
but oxidation may extend lower, along fractures in regions of relief, or a using water table, caused by 
valley fillings, faulting, or change to humid climate, may drown an oxidized zone Change to and 
climate inhibits oxidation. If erosion is too rapid, oxidation cannot keep pace, if time is too short, 
oxidation will be limited, cold climate is unfavorable Permeable rocks aid it, dense rocks letard 
it. Faults deflect, impound, or cause deep oxidation. Oxidation ceases by refrigeration, bvmal, 
and depletion of oxygen by abundant sulphides. Oxidized zones may become stranded abo\e water 
level, as at Bingham, Utah, or drowned beneath it, as at Miami, Ariz, or in Rhodesia Depth of 
oxidation may reach 3 000 ft (Lonely mine). In humid regions of low relief it is generally shallow, 
with high relief, shallow to medium depth In glaciated regions, post-glacial oxidation is negligible, 
but in areas protected from deep glacial erosion it may be deep, as at Kennecott, .Alaska (2 800 ft). 
In and regions it may be very deep under old or mature topography, and shallow under youthful 
topography. 

Ore deposition in oxidized zone. Metallic solutions generated by oxidation may, in 
passing downward, undergo precipitation in the zone of oxidation, and oxidized comriounds 
of the metals may thus be deposited toward bottom of the zone. These include car- 
bonates, silicates, oxides, or native metals of Cu, Zn, Pb, Ag and others. For example, 
CUSO4 meeting CaCOa yields CuCOs and CaS04. Modes of precipitation; (a) evapora- 
tion AND SATURATION, yielding efflorescences; at (^huquicamata, Chile (654), largo 
copper deposits consist of antlerite, brochantite, chalcanthite and krohnkite, (h) oxida- 
tion AND HYDRATION, yielding goethite and PbS04; (c) reactions between solutions 
such as NaCl and Ag2S04, yielding silver chloride; carbonated solutions, by which PbSOi 
is changed to PbCOs, and carbonates of Cu and Zn are formed ; also CU2O, CuO, Cu and 
Ag; Au m Fe2(S04)3 solution is deposited by reduction to Fe2S04; (d> reaction with 
GANGUE or wall ROCKS*. Cu solutions with CaCO.3 yield Cu carbonates; with colloidal 
silica, clirysocolla; zinc sulphate similarly yields smithsonite and calamine. 
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Generalizations. Common ore minerals diagnostic of oxidized ores are carbonates, silicates 
and,,sulphate8 of An, Zn and Fe; oxides of Cu, Co, Mo; chlorides, iodides, and bromides of Ag; 
and PbvS04, PbCOs, Mn02 and boxwork limonite. Native Au, Ag, and Cu may be of oxidation or of 
hypogene origin. If given ores are oxidized, it follows that; (o) such ores will change in character 
in depth; (6) tenor will change m depth; (c) oxidized ores will be superficial; (d) metallurgy devised 
for oxidized ores will not apply to underlying ores; (e) extraction plans should be deferred until 
volume of ore is delimited; (/) future life of a mine generally depends upon what lies beneath the 
oxidized ores. 

Supergene sulphide enrichment. Metals ‘ in solution that escape capture in the 
oxidized zone trickle down to where there is no available oxygen (generally the water 
table), and there undergo deposition as supergene sulphides, forming the zone of secondary 
enrichment. Progressive erosion allows deeper oxidation, releasing more metals to be 
added below, llich primary ores are made richer, valueless protore is made commercial. 
Primary ore may be enriched to 10 times its original metal content. The process applies 
chiefly to copper and silver ores. 

Requirements for supergene sulphide enrichment: (o) preceding favorable oxidation; (6) 
downward moving erosion surface and water table; (c) sufficient time, (d) primary minerals that, 
upon oxidation, yield enough Fe2(S04)3 and H2SC4, as pynte will, but chalcopyrite will not; (e) pri- 
mary minerals susceptible of undergoing supergene sulphide enrichment, as Cu and Ag will, but 
Pb and Zn will not, (/) permeability of deposit or host rock; (4') absence of precipitants in oxidized 
zone (in limestone, Cu is fixed as carbonate and no supergene sulphides can form); (h) zone of no 
available oxygen, (i) underlying precipitants in form of sulphides, etc, because supergene sulphides 
are deposited only by reaction with them, and not on quartz, etc. If underlying precipitants are 
lacking, no supergene enrichment occurs. 

Mode of precipitation. A metal in sulphate solution is precipitated by one of lower 
solubility than itself. The relative solubilities of common sulphides, the least soluble 
first, are Hg, Ag, Cu, Bi, Pb, Sb, Zn, Ni, Co, Fe, Mn. Thus, Cu will be precipitated by 
any below it, but by none above; Mn is not precipitated by any of the group. This 
explains the commonness of supergene sulphide zones of Cu and Ag and lack of Mn; 
Zn should form such zones but does not, Ni may do so, but most deposits are in glaciated 
regions. Deposition is by replacement of the primary sulphides. Some reactions are: 
CUSO 4 + ZiiS = CuS -f ZnS( 34 ; 14 CU 8 O 4 -f 5 FeS 2 -f 1-' H 2 O = 7 CuoS 4- 5 FeS 04 -f 
12 H 2 SO 4 ; CUSO 4 -f CuFeS. == 2 CuS + FeS 04 , AgsSOi -f ZnS Ag>S -f ZnS 04 . Thus, 
a gossan containing evidences of Cu should, under favoiable erosional and climatic con- 
ditions, have an underlying enriched zone. 

Degree of enrichment. Incipient enrichment, characterized by thin coatings or 
microscopic veinlets of supergene sulphides, indicates W'cak enrichment or the bottom of 
the enriched zone. I’artial enrichment is where about half the primary minerals are 
replaced. Comj’Lete eniichiiient (rare) is wheie primary minerals are largely replaced, 
liesidiial nuclei, however, imlicate character of primary ores. Selective enrichment, 
where only certain .selected minerals or grains are replaced, indicates weakness or bottom 
of zone. Pervasive enrichment is where all primary sulphides, grams and veinlets are 
replaced, indicating vigorous enriclmient. 

Factors influencing enrichment: (a) Water level generally controls the top of en- 
richment, which in turn conforms to topography at time of enrichment (650). Enrich- 
ment laroly occurs above the water table but extends hundreds of feet below it. A 
sinking water table favois completeness, a rising one stops it. (6) Host rocks must 
not be reactive; caibonate rocks inhibit enrichment; fiactured, fiiable, permeable ones 
favor it. (c) Fai’LTs, if enclosed and impervious, protect underlying ores from en- 
riclunent, they also conduct ennehmg solutions deep into pi unary zone, (d) Topog- 
raphy. Tops of enricheil zones controlled by water level conform to the then ex- 
isting topography. Most zones are out of adjustment wnth present topography. At 
Morciici, Aiiz, enriched zone is related to eailier mature topography, but recent uplift 
caused canyon-eutting too fast for eniichment to keep apace. Eniiched zone may be 
I elated to older topography buiied beneath lavas and favorable for exploration, (c) Rath 
OF EROSION. Most favoiable conditions for rich, thick, eniiched zones are equal rate of 
oxidation and loweiing by erosion, the two continually piogressmg downward. Too 
rapid erosion cuts through the enriched zone, if slow, the zone is thin. (/) Time of 
EXPOSURE TO weathering must be great enough to provide thick zones; post-glacial 
time is too short. (^) Presence op minerals yheldinq solvents is essential, as iron 
sulphides, lacking these, solvents for metals are not generated. 

Cessation of enrichment is caused by: (a) burial beneath thick sediments or lavas, as United 
Verde Ext, Ariz; (b) submergence beneath w'ater level, (c) change of climate from ( 1 ) humid to 
rainless, (2) semi -arid to humid, thus raising water table near surface; ( 3 ) temperate to cold, causing 
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refrigeration of water lev#»l, as Alaska, Siberia; (d) bottoming of ore; (e) complete enrichment, 
by which practically all acid-yielding yellow sulphides (pynte, pyrrhotite, chalcopynte) have been 
converted to supergene sulphides; further oxidation then only converts secondary chalcocite into 
copper carbonate, as m part of Inspiration deposit, Anz. Thickness of enriched zones attains 
hundreds of feet; 3-8 ft at Ducktown, Tenn, 150-400 ft at Ray, Ariz, 450 ft at Magma, Ariz, 1 400 ft 
at Bingham, Utah. At United Verde Ext mine, Jerome, Ariz, is a fossil-enriched zone 400 ft thick 
overlain by 460 ft of oxidized zone, the latter buried under 760 ft of sedimentaries and lavas. 


Recognition of supergene enriched deposits is essential to intelligent exploration and 
development, to determine what part of enriched zone is revealed, expectable ore above or 
below, and tenor and chaiactcr of primary ore in depth. Criteria are* Zoning. The 
3 zones, oxide, supergene sulphide, and primary, are characteristic. Supergene zones must 
be distinguished from primary enriched zones; former show abmpt mineralogic changes 
and are generally related to a recent topography, but latter could have a topographic 
relation to surface existing at time of first metallization. Gossans. Enriched ores gen- 
erally leave some evidence in the gossan, such as rock alteration, stains, and character of 
limonite boxwork previously discussed. Erosion must have been sufficient to release 

enough metal to produce enrich- 
Common Indicative Ore Minerals inent. District habit is also 


Metal 

^Minerals 
generally of 
primary 
origin 

Minerals usu- 
ally of sec- 
ondary (sul- 
phide) enrich- 
ment origin 

^Minerals usu- 
ally originating 
in oxidized 
zone 

Copper 

Chalcopyrite 

Bormte 

♦Enargite 

♦Tetrahcdrite 

♦Tennantite 

Chalcocite 
Covellite 
♦Sooty chal- 
cocite 

Native copper 
♦Malachite 
♦Azurite 
♦Brochantitc 
Antlente 
♦Atacamite 
♦Chrysocolla 
♦Cuprite 
♦I'enorite 

Silver 

♦Tetrahednte 

♦Tennantite 

Native silver 

Aigentite 

Pyrargyrite 

Proustite 

Stephamte 

Polybasite 

Pearceite 

♦Cerargynte 

♦Embohte 

♦Bromynte 

Gold 

Native gold 
Gold tellurides 

Native gold 

Native gold 

Zinc 

♦Sphalerite 

Willemite 

j 

Wurtzite 

♦Smithsonite 

♦Calamine 

♦Hydrozmcite 

Lead 

Galena 


♦Cerussite 

♦Anglesite 

♦P 3 nromorphite 

Leadhillite 

Iron 

Pyrite 

Marcaeite 

♦Pyrrhotite 

♦Arsenopyrite 

Magnetite 

Hematite 

♦Specularite 

Sidente 

Marcasite 

i 

1 j 

♦Goethite 
♦Iron sulphates 
Hematite 


* Invariably primary, secondary, or oxidized, accord- 
ing to column in which name of mineral appears. 


helpful. Mineralogy. Sooty 
chalcocite is the only diagnostic 
mineral. 6ther minerals, as chal- 
cocite, covellite, or argentite, are 
common but also occur under 
primary conditions; however, if 
associated with kaolin or other 
supergene products they become 
diagnostic. In geneial, chalcocite, 


Depth of hole, ft 



Fig 37 


covellite, or argentite in abundance 
in upper part of sulphide zone, but 
diminishing with depth, is a safe 
indication. For other minerals see 
adjoining Table. Curves. Curves 
of copper assays against depth from 
drill holes (Fig 37) are character- 
istic. If curves of Fe or 8 content 
are superimposed, these cross the 
Cu curve at top and bottom of 
enriched zone. Microscopic cri- 


teria are generally conclusive. 
Texture of supergene sulphides is characteristic. Also, the microscope will reveal if 
supergene sulpffides have replaced only FeS 2 , indicating lean pyrite protore beneath, if 
they replace abundant galena, bornite, and chalcopyrite, commercial primary ores may 
be expected. 
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1. Metamorphism 

Effect of metamorphism is two-fold; it produces commercial deposits and profoundly 
alters earlier ones. Those produced are non-metallics, formed by recombinations or 
recrystallization of rock minerals, and include asbestos, graphite, talc and soapstone, 
sillimanite and kyanite, emery and garnet. Metamorphiam of earlier deposits produces 
physical rather than compositional changes, ores are made gneissic, particularly those 
containing galena, which flows readily under pressure; texture becomes streaked, banded, 
indiscriminate, and mineral content may be obscured. 

Asbestos results from hydrothermal metamorphism of various rocks. The high-grade chrysotile 
varieties are the fibrous form of serpentine, altered from peridotite, serpentine (Quebec) or highly 
magnesian limestones (Sierra Ancha, Ariz). The commercial amphibole varieties, crocidohte and 
amosite, occur in banded ironstones in Africa; anthophylhte is mined m N America; asbestos occurs 
as cross, slip, and mass fiber, in narrow veinlets, separated from the rock mass after mining 

Graphite occurs disseminated in marbles, schists, gneisses, quartzites, and metamorphosed coal 
beds (a non-metamorphic occurrence is in pegmatite dikes). It is carbonaceous matter, formerly 
present, ivhich has been recrystallized and segregated into pure carbon flakes. The rock mass is 
mined as a whole and the graphite extracted. 

Talc and soapstone of commerce occur as masses associated wnth ultra-basic igneous rocks 
(pondotite, dunite), or as lenses in carbonate rocks. It is derived by hydrothermal alteration of 
highly magnesian rocks. Talc lenses are mined separately; soapstone masses, quarried, and com- 
mercial slabs sawn from large blocks. 

Emery is a mixture of magnetite and corundum, with some hematite or spinel; occurs in poddike 
len.ses in schists or marbles, and results from metamorphism or contact- metamorphiam. 

Garnets for abrasives (chiefly almandite) occur disseminated in metamorphic rocks and result 
from rueta morphism of aluminum silicates containing Fe, Ca, Mg, Mn, or Cu. Garnet rocks also 
yield placers of garnet. Adirondack deposits in gneiss contain 7-8% garnet 

Andalusite, sillimanite, kyamte, and dumortiente, used as refractonea, also result from meta- 
morphism of rocks. 


4. PROSPECTING METHODS 

Surface methods : tracing float, tracing by panning, trenching and test-pitting. Search 
far mineral that does not outcrop and lies at considerable depth is done by geophysical 
methods (Sec lOA), boring (Art 7), or shaft-sinking (Art 12; also Sec 7, 8, 9). Methods 
are vaiiod and combined to suit local conditions or fancy of the prospector. 

Tracing float (Cornish, “ shoadmg ”). Pieces of ore (float) are broken from outcrops 
by processes of erosion, and gradually work their way downhill into streams, where they 
may be earned long distances. The prospector finding float on a hillside, or in a gulch 
or stream, tries to follow it back to ita source. A rough idea of the distance which float 
has trii\ eied is gamed from the size and abundance of pieces, and their roughness or w^ater- 
woin condition. 

Many outcrops wdiich are the source of float are concealed by a covering of soil. In 
such cases, at some point below the oubTop the float disappears, or “ goes dowm.” Trenches 
or test, pits are used to follow float farther. The distance between soil-covered outcrops 
and the point at which float goes down varies with depth of cover, topography, and 
climate. On flat slopes (6%,) in desert regions of southw^est U S, float has been found 
on the surface within a few feet of outcrops covered with 1 to 2 ft of soil. Two deposits of 
chromite in Md, m flat, unglaciated country, were found directly under strong surface 
showings of float. In Marysville district, Mont, at one point float w'ont down on a hillside 
and was followed by pits for 500 ft lx)foro finding the outcrop; bedrock was 10 ft to 12 ft 
below surface. In the far north, w'here freezing and thawing have gone on a long time, the 
“ creep ” on the hillsides is great, and float may be found far from the outcrop. Practi- 
cally no importance attaches to the sporadic occurrence of valuable mineral in glacial drift. 

In general, tracing float is applicable only in searching for ores tough enough to escape 
disintegration by erosion. Gold-quartz, or iiyntic ores wuth siliceous gangue, in particular, 
yield float w'hich is resistant and easily recognized. The value of, and results from, the 
method depend largely on tlie j>er8onal equation of the prospector. Knowdedge of ore, 
keen observation, physical strength, and unending patience are essentials. Most pros- 
pectors use the pan or horn spoon to estimate the content and value of float, largely 
because of expense and inconvenience of obtaining assays. The U S Geol Survey, the 
Bur of Mines, and mining bureaus of most w'ostern States will identify specimens by visual 
inspection free of charge. Some State bureaus make assays at reduced prices; free in 
Alaska, and to licensed prospectors in some Canadian Provinces. Oregon allows 2 free 
assays per mo to its own residents, but requires full disclosure (with privilege of publish- 
ing) as to source of each sample. 
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Tracing by panning (also called “ tracing ” in western U S, and “ learning ” in Austra- 
lia). This, like tracing float, is based on recognition of the results of erosion. Weather- 
ing releases small pieces of metal and minerals from outcrops, and these migrate downhill 
as do larger pieces of float. 

Fig 38 shows an orebody outcropping under a soil cover, and the usual position of float 
metal or sulphides derived from it by erosion. In a new district, the prospector works 
along the bottom of hillsides at an elevation {A) sufficient to avoid the debris brought into 
the gulch from upstream points. Samples of the top 2 or 3 m of soil are i^anned. If 
specks of metal or sulphides are found, panning is continued uphill until the trace goes 
down at B; then trenches or test pits are dug. The placer miner’s pan, or a frying pan 
4 to 6 in diam, is used for panning. In practiced hands the latter gives accurate results, 
and is better where water is scanty. Float found in connection with this work should be 
crushed and panned as an aid in determining the source of “ traces.” This method was 

developed by ‘‘pocket hunters,” and has been used 
chiefly in prospecting for gold, which is unalteied by 
weathering and easily recognized in the pan, even when 
present in minute particles (“colors”). It was used in 
Nevada, 1900, to find a concealed outcrop of a very soft 
vein of cinnabar, first tiace found about 700 ft from 
outcrop At Pamlico mine, near Hawthorne, Nev (485), 
gold colors were traced by panning at points along 10- 
or 20-ft contours. Idmits of traces on each contour were 
marked with stakes. Resultant lines of stakes converged sharply to pockets, more giad- 
ually to ends of oreshoots. As in tracing float, coriect interpietation of rcMilts leciuires 
geological knowledge. (See Art 5 ) 

Trenches (Cornish, “ costeaning ” ditches), for pro.spocting and exploration, are 
confined to shallow soil; economic limit of depth, 0 7 ft, or about as far as a man can cast 
from a trench with a shovel. Best ap])Iied in drift or alluvium, not over 3 4 ft dt‘ep. 
Trenches are usually run at right angles to the foimation or the supposed stiike of oreiiody. 
Prospectors use trenches to follow' float or traces under cover. Useless to cany trenches 
to bedrock, so long as float is found. 

The results of tracing close to an orebody are often indefinite, giving no indications of the strike 
of the outcrop sought. In such eases, several trenches at right-angles to one anf)thcr are better 
than a single trench or a serKs of parallel ones, uhieh may parallel the outcrop and not uncover it. 
Surface prospecting on property adjacent to developed orebodies is done by a scries of p.irallel 
trenches at right angles to the strike of the known deposits This work will uncover f)utcrops of 
parallel orebodies if they exist (Art 4, 5, 6) In di.stnets where orebodies have no general trend, such 
prospecting should be done with 2 sets of parallel trenches at right-angles to each other, their 
distance apart is from 60 ft to 500 ft, depending on size of known orebodies in the vicinity. 

Cross-section of trenches should be as .small as pos.sible, it depends on their tlcjith and 
purpose. In soil 1 to 1.5 ft deep, tienches can be 12 to 1 1 m w ide at bottom and 18 to 21 m 
wide at top; for depths of 2 to 2 5 ft, the minimum bottom w'ldth is about 15 in, width 
at top about 20 m, vaiymg with charactei of the soil. These dimensions aie satisfactory 
in following float, but aie too small if detaile<l examination of bediock is neccssaiy, or 
if any of the bediock is to bo shot out. In such cases, minimum bottom width is between 
2 and 3 ft for trenches 3 ft deep, increasing with depth of soil. In tienchcs on sloping 
GROUND, work should begin at their low'est point and iiin uphill, so that they will be self- 
draining. This IS impoitant in fiozen giound and tundra of tlie far noitli, wheie there is 
constant seepage into excavations, due to thawing on cxposuie to the an. (8eo 8ec 3.) 
For systematic suiface trenching and examples of cost, see Ait 6. 

Cost pei cu yd for narrow' trenches less than G ft deep is detei mined inoie by char- 
acter of the soil than by any other factor. Duty of men picking and shoveling in fienching 
varies from 3 to 10 cu yd per 10-hr man-day; aver, 4 to 5 cu yd. The rate is lowei in pros- 
pecting work, where much time is 8i>ent in examining float and bedrock. Wheio weather- 
ing has been intense, trenches often extend 2 to 3 ft into the decomposed surface rocks. As 
relative amounts of picking and blasting ground are very variable, no accuiate estimates 
of speed and cost are possible. Wet ground retards pi ogress and makes examination of 
bedrock difficult. 

Test pits (small shafts) are used in alluvium too deep for trenches. Their field is in 
material free from large boulders and water, and requiring little or no timlx*iing. They 
are applicable for depths to 100 ft; for over 30 to 50 ft, and, in general, in water-bearing 
ground, they may be less suitable than boring methods (Art 7; also Sec 9). in deep soil, a 
test pit is sunk above the point at which float or traces go down (B, Fig 38). If float is 
found, or if panning shows mineral, the outcrop lies higher; the pit is abandoned and a 
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new one started above. This process is repeated until outcrops are found or the pros- 
pector IS discouraged. 

If character of soil permits, small drifts can be driven from the bottom of a test pit, and 
float be followed on bedrock. This cheapens the last stages of such work, especially in 
deep ground. Test pits are not so satisfactory as trenches; they expose only a small area 
of liedrock and may miss outcrops of narrow and irregular veins. This objection does not 
hold for large, flat orebodies; in prospecting for these, test pits are located with reference 
to known ore on adjacent property, or systematically, or at random. (For principles, see 
Locating drill holes. Ait 7.) 

Ooss-scction of test pits may be circular, elliptical, or rectangular. Diam of circular 
pits is 30 to 3G in; elliptical pits are 36 to 42 in long by about 28 in wide; rectangular pits 
are rarely smaller than 4 by 4 ft or 4 by 5 ft. In point of cost and speed, small circular 
pits are prefeiable to rectangular; the amount of material to be excavated and hoisted 
from a 36-in circular pit is about 0.35 of that from a 4 by 6-ft rectangular pit. Circular 
or elliptical pits are excavated with a short-handled pick and shovel; the workman 
straddles the handle. A windlass is used for hoisting. Galvanized-iron water pails make 
good buckets for small pits; ordinary windlass buckets are better for larger rectangular 
pits, 2 buckets or pails being provided for each windlass. A 0.25-in wire rope should be 
used instead of a hemp rope in small pits over 30 ft deep; at greater depths, the travel of a 
hemp lope across the windlass barrel is apt to throw the bucket against the walls and dis- 
lodge loose mateiial. Objections to circular or elliptical pits, which frequently preclude 
their use: (a) reiiuire labor trained and willing to work in an awkward position; (b) no 
room for drilling and blasting, if boulders are met; (c) practically impossible to timber 
them, whereas in rectangular pits a soft stratum can be close cnbl)ed cheaply with plank. 
Clew on either kind of pit consists of 2 men, one digging, the other on the windlass. 

Examples of test-pitting. For brown hematite in Georgia and Alabama; loundtest 
pits, 30 to 3(>-iii diain, depth, to 50 ft, in ordinary unconsolidated material, 2 men sank 
10 ft per day (5). In Lehigh Valley, Penn, 2 men sank 30 to 36-m pits to depths of 
50 ft at 20 to 30 ft ixt day (S). In Nevada, the author sank 40 by 29-m elliptical pits, 
with Chinese labor, m easy grav'd, at 20 ft per 12-hr day for fiist 40 ft. Below 40 ft, gravel 
was haid and clayey. Aver speed for depth of 100 ft w'as about 5 ft per 12-hr shift (con- 
tract work). I'lider same conditions, white labor on day’s pay averaged 2 to 3 ft per 12-hr 
shift in test pits of 4 by 5 ft cioss-sec. In another locality, the author sank 11 rectangular 
test pits, aver cioss-sec, 4 1 by 4 7 ft; avei depth, 7 5 ft; material, very hard clayey gravel 
overlain by 6 in loam; deepest pit, 10 ft; no wundlasses used; labor, 161 man-hr; aver 
speed, 0.51 ft per hi. 

E D Ciardncr nnd C H Johnson (13) quote following examples of test pitting in alluvial 
OR \\ LLs Noai Skull Valley, Ariz, in P)32, Mexican laborers at $3 per day sank 5 pits per man-shift, 
averaging 2 ft wide, 3 or 4 ft long, 3 5 ft deep, in fairly fine, loose gravel; cost about 651^ per eu>d. 
On Bear Gulch, Mont, 3 men at $3 50, in 1932, averaged 6 ft per day of 4 by 6-ft shaft, cribbed solid 
with 6-in round timber, through fine, loose gravel free from w’ater; cost, ^3 per ft to 32-ft depth. 
On Sauerkraut Creek, Lincoln dist, Mont, one man sank a 4 by 5-ft, solidly cribbed shaft 30 ft 
through dry, loose, hillside wash and moderately firm gravel in 10 days. In Pioneer dist, Mont, 
in 1932, four men contracted to sink 1 000 ft of shafts, averaging 35 ft deep (range, 10-65 ft) for 
$1 per ft Gravel, iuoder itel> fine and free from boulders, stood unsupported except for a few^ ft 
through surface layer of hydraulic tailings, which wa.s cribbed 4 by 4 ft, below' this, shafts w-ere 
circular, 4 5-ft diam. Working in pairs, and long shifts, men averaged $3 50 per day. Under 
favorable conditions, 2 men could sink 10 ft per day. Groove simphng was done later. Shafts 
were spaced 400 ft, or one to 3 6 acrCvs; cost per acre, about $10 for sinking and $4 for sampling. 
On Gold Gulch, near Howie, Anz, about 200 pits were sunk m 1932 -33 through 3-30 ft of dry placer 
ground, consisting of surface layer up to 3 ft of clay soil, 1-6 ft of limo-cementod gravel, with bottom 
bed of tight, angular gravel, containing large percentage of coarse rock and boulders up to 3 ft diam. 
Surface pits, 4 or 5 ft w'ldc and about 5 ft deep, w'eie dug by gasolene shovel at 26 per vert ft. 
In bottom of each, a pit 2 5 by 4 5 ft was sunk by hand to bedrock at contract price of per ft, 
to 9 ft below bottom of shovel cut, and $1.50 per ft thereafter. No timbering, little blasting, no 
w'ater. Some contractors earned $6 per 8-hr shift. Groove sampling w'as done later. On Quartz 
Creek, near Rivulet, Mont, in 1932, tw'O men sank 5 by 7-ft shaft, closely cribbed, through 12 ft of 
fine gravel with few boulders too large to handle, in 6 days. Strong flow of water at that depth 
was pumped by primitive means, and remaining 6 ft to bedrock required 9 days longer; total, 
30 8-hr man-shifts to sink 18 ft. Subsequent 6 by 6-ft cribbed shafts were sunk under same condi- 
tions by same men to 18 ft at 2 ft per day. 

For other details see Art 6; also Sec 3. For use of test pits in systematic surface 
exploration, see Art 5. 

Hydraulic prospecting. Water, where available, is a great aid in stripping off soil for 
close prospecting of l^edrock. Sometimes a small stream can be led by a ditch onto a 
hillside above the area to be prospected. By breaking into the ditch, water can be made 
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to flow o\^r any desired section of ground, and cuts a trench to bedrock. A series of 
trenches can thus be excavated. 


Booming or hushing. Where water is scanty, small reservoirs are dug on a hillside. When 
reservoir is full, the water is released, and rushing down the hillside strips off surface soil. Process 
is repeated, if necessary, until bedrock is clean. Reservoirs may be provided with automatic gates. 
In other places, a small quantity of water is kept running down a hillside; the soil, loosened by picks, 
is washed away. Large duties per man-day are thus obtained. 

Shallow surface cover is sometimes completely stripped from large areas by hydraulickmg with a 
nozzle (Art 6). M. Sheppard m 1938 gives details of hydraulic stripping of a quarry site, where deeply 
channelled top of limestone was covered by tough clay to (max 10 ft) aver depth of 3 ft (9). Water 
was pumped by 4-stage centrifugal pump from a river 300 ft below', and discharged through 1-in and 
3 / 4 -in nozzles. In 2 466 hr during 4 winter months, 8 300 cu yd was removed at $1 16 per yd (exclud- 
ing supt and general), of which: pow'er, SOjf; labor (17 240 nian-hr) 64^, supplies, repairs, 13^i 


Drivepipes have a limited use in soft soil free from stones (Sec 9). Pipes are 1 to 2 in 
diam. Fig 39 shows bottom length of pipe. The end is filed to a cutting 



edge, and has a slot A, about 0.25 in wide, in one side; this aids 111 grip- 
ping the soil and facilitates cleaning the pipe. Depending on depth and 
character of soil, the pipe may be churned down by hand, or driven with 
a maul, or a weight and tackle from a tripod. Upper end of pipe la pro- 
tected by a cap while driving; a shoe is used on lower end in stony soil; 
short lengths of pipe are screwed on as the hole deepens. The pipe is pulled 
every 1 to 2 ft and contents examined. The method is cheap and gives a 
sample section of the ground passed through. If soil is undeilam by soft 
or distinctively colored mineral, drivepipes can l>e used to outline its 


area. For small diam pijjes, limit of depth is usually 16 to 20 ft. 


Piercing (or probing) . Pointed steel rods are used in search for minerals 
lying at shallow depths in or under soil. The mineral sought is either 
much harder or softer than surrounding material, or possesses a charac- 
Erfd of DriT^ teristic color. Pointed bars are also used, as in Nor Quebec, merely to 
pipe ascertain depth to bedrock, preparatory to trenching. 


In southeastern Alaska, rods have been used to locate quartz veins covered by 2 or 3 ft of moss 
and humus. First quartz was found in the roots of an overturned tree. The “feel” and sharp 
clink of the rod against quartz distinguished it from the softer country rock. In Butler and Cren- 
shaw counties, Ala, scattered lumps of brown iron ore, imbedded 3 (»r 4 ft deep in sandy soil, are 
located in same manner (15). Foster (10) gives following instances of the use of piercing in 
France for buhrstones lying at depths of 10 to 18 ft in soft sand and cl.vy, on the Isle of Man for 
shallow pockets of soft umber easily penetrated by the rod, in the Furn(‘sa district, England, for 
hematite, under 6 to 8 ft of soil (detected by color); in South Carolina, for phosphate nodules, to 
depths of 15 ft in sand and clay. In Burma, bamboo rods are similarly used to ascertain the depth 
through clay to underlying gem-bearing gravels 

Sounding is the name given to a unique method of prospecting for phosphates on the Coosau 
River, S C. Phosphate lock occurs in irregular patches in the river bed, and is mined by dredging. 
Sounding is done from a boat by dragging a bottle filled with water along the bottom, A string is 
tied around the neck of the bottle, and a cardboard diaphragm attached to the free end is held against 
the ear, or the sounder holds the end of the string in his ear with his finger. On finding a deposit, 
floats are set to show its outline and guide the dredge (11). 


Vegetation sometimes grows thickly along outcrops of one geological formation and 
sparsely on another, thus aiding in working out geological structure, or in limiting areas 
favorable or unfavorable to ore occurrence. At Cripple Creek, quaking aspens favor 
areas of tuff and breccia; fir trees grow on granite. In the Leucite Hills, Wyo, along 
outcrops of potash-beaiing dikes, there is a noticeably rank growth of sage brush. In 
places in the southern Appalachians, the vegetation corresponds to underlying strata 
(12, 502). Recognition of geological structure from the air, oven to veiy small details, is 
facilitated by habits of vegetation, particularly m semi-and regions (647). Sec 17, Art 26. 

Burrowing animals, ^as woodchucke, prairie dogs, gophers badgers, also ants, sometimes aid the 
prospector by the debris they throw out when digging holes. Such material is examined for float, 
or panned for gold colors or specks of ore minerals (479). 

Divining rod is still believed by credulous persons to be eflficacious for finding water 
and mineral (13, 14). 

Electroscope. Radio-active minerals have the power of discharging an electroscope; 
under suitable conditions the rate of discharge is proportional to amount of radio-active 
substance in the mineral. Electroscope is used by engineers and prospectors to detect 
radio-activity, and for quantitative tests. Radium is obtained solely from uranium ores, 
the amount of radium bearing a constant relation to amount of uranium present; normally 
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1 unit of uranium is accompanied by 3.3 X 10“’ units of radium. Thorium compounds 
and minerals also discharge an electroscope. 

Fig 40 shows a simple electroscope suggested by B. B. Boltwood, which can be made in 
the field. It consists of a 5-cent piece, a quarter dollar, or an iron washer A; a drop of 
sealing wax or candle grease C; an upright B made from a piece of tin 0.2 in wide (or a 6d 
or 8d wire rfail flattened at B ) ; and the leaf I). The latter may be a piece of aluminum 
leaf, about ®.l in wide, obtainable from any dealer in painter’s supplies, or thin tissue 
paper, both sides of which have been coated with graphite by rubbing with a soft pencil. 
Leaf is attached to upright with mucilage or flour paste. Bottom of upright B must 
be insulated from base A by a layer of sealing wax; the wax must 
not be touched with the fingers after it is in place. A cover protects 
the apparatus from air currents; for the dimensions shown in Fig 40 
an ordinary glass tumbler placed bottom upward will serve. Electi o- 
scope is charged by touching the upright with a piece of hard rub- 
ber (a fountain pen), or sealing wax, which has been electrified by 
rubbing on one’s hair or sleeve. A protractor drawn on cardboard, 
so that its center point is at same height above base A as the point 
E, is placed behind the tumbler and the angle read between leaf and 
upright. Headings are repeated at regular intervals to determine rate 
at which electroscope will discharge itself by leakage. The mineral 
to be tested is placed inside the tumbler; radio-activity is proved by 
a rate of discharge faster than that due to natural loss of charge. 

This crude electroscope gives surprisingly accurate quantitative results if handled care- 
fully. Table 1 shows results of tests by H. G. Mead under authoi’s direction, on a senes 
of samples prepared by mixing pitchblende (35.7% U) with inert material m pioper 
proportions to give samples containing 2, 5, 10, 15, and 25% U. Samples were crushed 
through 20 mesh and placed next to base of electroscope in a small pill box. Same size of 
box was used for all samples, each l^eing filled level full, and placed in same position with 
respect to electroscope. Rate of discharge was determined as abov'e, corrected for natural 
leakage, and net rate of discharge computed m degrees per mm per % U. Max errors for 
paper and aluminum leaves were 0.7% and 1.9% U respectively. Aluminum leaf is much 
more sensitive than paper, and requires greater skill and patience in manipulation. 
Scrupulous care is necessary to avoid salting the containers used. For quantitative work 
a small sample of known uranium content is required to standardize the electroscope; 
unknown samples may then be tested. 



Fig 40. Electroscope 


Table 1. Tests for Radio-activity by Electroscope 
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0 007 

4 99 

0 20 
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0 0667 




0 216 


An outfit for testing ores for radio-activity is made by the Denver Fire Clay Co, Denver, 
Colo, price, in 1938, about $110. 

Fluorescence. A few minerals, notably wllemite, scheelite and fluorspar, become fluorescent 
when subjected to ultra-violet light, as is emitted by an arc of either high or low intensity between 
iron electrodes, or by mercury-vapor lamp; less vigorously by an argon lamp. Principle has been 
satisfactorily applied m exploration and development of scheelite mines m Nev and Calif, using 
portable apparatus which usually requires 110-v alternating current. Such equipment is supplied 
by: H. T. Strong, Chatham, N J ("Fluorospark” lamp, with quart* lenses for focusing the beam, 
$100); H & M Mfg Co, Pasadena, Calif (mercury-vapor lamp, adaptable to dry cells, $32.50); 
Stroblite Co, 36 W 52d St, N Y (a "black-bulb” lamp, illuminating a circle 6 ft diam at 3 ft distance, 
$15). Prices are as of 1938. Since each mineral responds most actively to wave lengths within 
a certain range, character of the light is more important than its intensity. For soientifio principles 
and some practical apphoations, see Bib (88). 
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Geophysical prospecting methods include gravimetric, magnetic, electrical, seismic, 
temperature, radio-active, and micro-gas surveys. See Sec lOA for underlying principles, 
applicabilities and limitations, and interpretation of observations. 

Methods have developed rapidly in recent years, and are used with success in many 
localities. They are not universally applicable or successful, and in considering their use 
the following observations should be borne in mind : (a) Methods (with possible exception 
of simple dip-needle survey) are too expensive to apply to “ wildcattmg” ; bitter devoted 
to exploration for deposits whose presence has been indicated by other prospecting meth- 
ods, or whose existence and probable form are reasonably suspected from geological evi- 
dence, such as extensions of known deposits, parallel ore bodies in same formation, or 
deposits known to occur only in certain geological relations. (6) Any geophysical survey 
should be made under direction or cooperation of a geologist acquainted with formations, 
structures, and character of deposits m the locality, (c) Method must be appropriate to 
the particular deposit; no single method is applicable to all conditions, and where 2 or 
more methods might be applied to a given deposit, they may differ in reliability, speed, 
and cost, (d) Other conditions causing physical effects similar to those expected from the 
investigated deposit must be absent. Examples: graphitic zones or water-bearing selvages 
among metalliferous bodies explored by earth-resistance; disseminations of magnetite in 
wall rocks of chrome-ore lenses surveyed magnetically, (e) Most geophysical methods 
require expensive and delicate equipment, operated by trained personnel. Much work 
has been done for mining companies by contracting firms specializing in this business. 
Magnetic surveys, however, even with most refined instruments, can be conducted satis- 
factorily by usual mine engineering staff. (/) No method can do more than indicate 
existence of a deposit capable of affording the observed effects. Such a deposit may or 
may not contain profitable amounts of metal. Examples: copper or nickel in pynte or 
pyrrhotite; gold with magnetite in a buried river channel, (j?) Where 2 methods are 
applicable, both should be employed, since each may best disclose certain features. A 
magnetic survey for precise work should explore both vert and honz components of the 
field, (h) Some deposits, as sphalerite and fluorite, not readily responsive to any geo- 
physical method, have been found by tracing faults or porous areas of rock with which 
such deposits were known to be associated, such geological features being fairly easily indi- 
cated by appropriate electrical methods (334), For details see Sec lOA. 

5. SYSTEMATIC SURFACE EXPLORATION 

Value of thorough surface exploration is apt to be underestimated. It furnishes 
information which may either discourage further effort, or permit intelligent planning of 
subsequent work. Where feasible, it is an essential preliminary to underground explor- 
ation. It prevents overlooking important exposuies, and secures a large amount of infor- 
mation with a smaller total footage of openings than haphazard work. 

Factors involved are as follows (see also Art 12): Surface work can be done at much 
less COST and greater speed than underground work, from this standpoint its feasibility 
should always be considered because of the high risk of opening unproved orebodie.s. 
Type of orebody and depth of surface soil, are related factors. Cost of surface work 
increases rapidly with depth of cover. Trenching at close intervals, oi complete stiipping, 
is necessary to find and follow short, narrow, irregular veins on the surface In general, 
these operations are not feasible where average depth of soil exceeds 2 to 3 ft (see Ait 4 and 
Cobalt, Art 6) . Outcrops of wide veins, beds, and masses are cheaply explored by trench- 
ing, where soil is not over 6 to 7 ft deep. Necessity for continuous openings, as trenches, 
decreases as the size and uniformity of the orebody increases, test pits give adequate 
data respecting size, shape, and value of large uniform orebodies, and in dry surface drift 
are feasible to depths of 30 to 50 ft or more. Deep wet alluvium precludes surface open- 
ings; when present, exploration must be by boring or underground work (Art 7). Amount 
OF weathering. Value of results from surface exploration depends on amount and relia- 
bility of information afforded by outcrops, Where rocks are fresh, or erosion has kept 
pace with weathering, an outcrop is a reliable section of an orebody ; in such case, if surface 
results are negative, it is unwise to attempt underground exploration. Values have often 
been entirely or partly removed by leaching from the upper parts of an orebody (Art 3) . 
Surface exploration may still determine its size, shape, irregularities, and location and size 
of shoots. These factors alone may decide whether further work is justified, and if so 
the best location for it. Leached outcrops generally indicate the character of mineral- 
ization in depth. Weathering in some cases has been so intense that it is practically 
impossible to trace outcrops on the surface, or to get any definite information from them ; 
underground work is then the only alternative. ^ 
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Methods vary with type of orebody; judgment determines extent and detail of the 
work. First essential is a map showing property lines, topography, geology, outcrops, dips 
and strikes, pits, trenches, underground work, assays, location of float or traces, and all 
obtainable details. Map should be on a scale of not less than 100 ft to 1 in; for small 
areas, 40 or 50 ft to 1 in is better. Compass and hand level, plane table or transit are 
used in mapping, depending on accuracy desired, a small plane table is convenient and 
rapid. Numbered stakes may be set on corners of 100 or 200-ft squares, for locating 
subsequent work. If veins are exposed, their probable extensions are plotted on the map 
and staked on the ground (see Migration of outcrops). Probable course of faults, contacts, 
and sedimentary beds are similarly indicated. Such a map shows the relation between 
different outcrops, and between outcrops, geology, and topography; outlines drift-covered 
areas; shows where information is needed; aids in eliminating unfavorable areas and in 
planning exploration. 

Geophysical methods (Sec 10 A) exemplify systematic exploration preceding the details 
discussed here. Air-plane surveys (101, 102, 103, 505, and Sec 17, Art 28), with or without 
photography, are also used for preliminary systematic reconnaissance of large areas. 

Tracing float. All pieces of float are labeled and their position noted on map (portions 
of each piece may be assayed or panned). By showing location of float with respect to 
topography, geology, and probable outcrop extensions, the amount of excavation necessary 
to uncover outcrops is often reduced. 

Tracing by panning (Sec 31) may be used in a similar way. A level panful of dirt 
should be taken each time, so that results will be roughly quantitative. The mineral 
obtained is weighed and kept in numbered bottles, the number and wt of each trace being 
entered on the map. Blanks should be recorded as carefully as good showings. Having 
no exposures to guide the work, panning can be done systematically at corners of squares. 
Panning along exposed outcrops, or below probable location of drift-covered outcrops, is 
the cheapest way of finding oreshoots and determining their length. 

Trenching. For a single orebody a series of trenches is usually dug at regular inter- 
vals, at right-angles to course of outcrop. Probable extension of outcrop should be staked 
on the ground as a preliminary. Distance between trenches is deter- 
mined by type of orelxidy and depth of soil; they should be close 
enough to determine aver width and value of outcrops and to avoid 
missing oreshoots. Trenches over the latter are closer together 
than on barren areas. 

The first trenches should be as far apart as possible; this gen- 
erally reduces numl^er, length, and cost of intermediate trenches. 

It is more satisfactory to follow narrow outcrops by trenclnng along 
them. In shallow soil not more than 2 men, in deep soil not more 
than 4 men, can be employed to advantage in trenching both ways 
from a single exposuie (19). Fig 41 shows general arrangement of 
trenches on mitrcops of largo uniform orebodies, planned to avoid 
high cost of complete stripping. Where large drift-covered areas 
are explored for suspected mineral, trenches are usually dug along the 
sides of squares, 50 to 200 ft apart. First woik consists of 1 or 2 
long trenches, ^^hlch give infoimation as to geology, depth of soil, 
etc; this generally divides area into favorable and unfavorable 
sections. Goo<l showings are explored first If there are no surface 
indications, systematic woik is started \^here the soil is shallowest; deep trenching is 
usually done last (see C'obalt, Art fi). 

Test pits for systematic surface exploration are spaced on corners of squares. Principles 
involved in their location are same as for Ixjreholes (Art 7). 

Summary of results. All exposures in exploratory openings are measured and sam- 
pled; widths, assays, and any further geological data obtained should be entered on the 
map, and geological cross-sections made where necessary to interpret structure. Results 
of shallow exploration may often be summarized by computing from area of orebody 
exposed the tons of oie per ft of depth. Depth to which the known orebodies must 
continue to repay estimated cost of development and equipment and yield a profit can 
then be calculated. This figure, compared with local geology and type of orebody, fur- 
nishes a measure of the risk involved (20). 

Migration of outcrops. With unwarped veins, beds, faults, and contacts, dipping 90°, 
the outcrop is m a straight line (the strike), regardless of topogiaphy (Fig 42, A). Out- 
crop of such a deposit on flat topography is also a straight line, regardless of its dip 
(Fig 42, B). On rough topogratihy, the outcrop of a vein dipping less than 90° is 
curved or crooked; its deviation from the strike line increases as its dip decreases (Fig 
42, C). Width of outcrop of veins of uniform thickness also varies on rough topography. 
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Many errors in planning mining work are made by assuming that geological surfaces 
are planes; they are always warped and twisted. Nevertheless, this assumption is useful 
in exploration work; by means of it an approx location of outcrop between or beyond 
known exposures can be laid out on the ground or on a contour map. Such approx 
locations vary in accuracy with depth of soil as well as with bends in the deposit itself ; but 
they help to correlate observed data and reduce the excavation necessary to uncover 
outcrops. The following graphical methods are sufficiently accurate for this work, and 
apply to all the geological surfaces mentioned above. 

Approx dip and strike of a vein can be measured with a compass at some point, or 
determined from 3 exposed points (Fig 43). Plot the 3 points A, B and C in plan in their 



correct relative positions, and note their eleva- 
tions. Connect high and low points by line BC. 
Take point D on BC so that CD : CB — (elev 
A — elev C) : (elev B — elev C). AD \s the 
strike line of plane ABC, and its bearing is 
measured with protractor from known bearing 
AC. Draw BE perpendicular to AD. Lay off 
EF to scale and equal to elev B — elev A. 
Angle FBE is dip of plane ABC. For accurate 
solution, see Sec 9. 



Elev silOO 


Fig 42 


Fig 43 


Plotting outcrop on a contour map from a single exposure (Fig 44). 

Here the outcrop of a vein or bed is exposed at point A ; its strike is line AB; dip 30®, 
as shown. The underground contours of the vein (considered as a plane) are a senes of 
straight lines, CD, EF, etc, parallel to strike AB. The distance apart of these lines in 
horiz projection may be found by means of a right-angled triangle xyz (Fig 45), in which 
the angle zxy = dip of vein, yz — contour interval (the .same as that for surface contours), 
and xy = DF (Fig 44) = required distance Points of intersection of surface and under- 
ground contours of equal elevation mark points on the outcrop, and a line connecting such 
points represents its probable location. Same methods serve where a vein or bed is exposed 
by outcrops or work at several points. Fig 46 shows in horiz projection an underground 
(or structure) contour map of a vein, aver dip 45®, on which 4 shallow shafts have been 
sunk at points A, B, C, D, Assume that dip and strike are different at each of these 
points. Draw lines AA' , BB' , CC\ DD', perpendicular to observed strike at A, B, C, and 
D and on them, by means of dip triangles (Fig 45), mark 
points at which they would be intersected by successive 
structure contours. Then draw these contours as shown. 


58a 


F 

Fig 44 Fig 45 Fig 46 

Beds and veins in general change their dip and strike gradually; hence, structure 
contours should show only gentle curves. If abrupt changes m direction are necessary 
to connect points of equal elevation, look for faults or other disturbances. Such contour 
maps are invaluable in planning underground exploration; when superposod on surface 
topography, they give close indications of the location of outcrops. For further detail of 
graphic methods, see Bib (21, 22). 

Staking probable location of outcrop on the ground is done in different ways: (a) Plot probable 
outcrop on a contour map, and lay out this line on ground by ordinary surveying methods. (6) 
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Set up a transit over a known point on outcrop, and place stakes at regular intervals on strike line. 
Set transit on each stake, and cross-section to find outcrop, as for grade stakes in railroad work. 
This method involves much calculation, which can be reduced by using slope-stake diagrams, 
(c) Use transit with Shattuck solar attachment (23) , set the attachment so that when it is revolved 
the deflected line of collimation will generate a plane at right angles to the telescope. Transit is 
set up over a point on outcrop, mam telescope oriented m a line perpendicular to strike and the tele- 
scope turned down until line of sight is perpendicular to the dip (vert angle = complement of dip 
angle). Deflected line of collimation then revolves in a plane parallel to and slightly to one side of 
plane of vein. If the ground is sighted, each stake will be slightly off the correct line. Error is 
shght if the outcrop is traced from one set-up; where many stations are used, the error is cumu- 
lative. (d) Transit and top telescope. Loosen capstan screw, so that the top telescope will revolve 
in a plane parallel to main telescope. Set transit over point on outcrop, orient mam telescope in a 
line at right angles to strike, and turn mam telescope down until its line of sight is parallel to the 
dip (vert angle » dip angle). The top telescope then revolves m a plane parallel to plane of vein. 
A rod will give true points on outcrop, if sighted on at an elevation «= height of instrument ■+• 
(c -i- cos dip angle of vein), c, a constant for any instrument = distance between center lines of 
top and mam telescopes, (e) Brunton compass, if set on a light tripod with a ball-and-socket 
mounting, is accurate enough for tracing outcrops short distances. The spindle of the instrument 
18 tilted to a position at right angles to dip; then sights will rotate in plane of vein. See also 
“Geophysical Prospecting Methods,” Sec lOA. 


6. SURFACE PROSPECTING AND EXPLORATION 
EXAMPLES OF PRACTICE 

Nova Scotia (24). Systematic prospecting is done hero for gold-quartz veins in 
regions coveied by deep glacial drift. Prospecting is confined to relatively small areas, 
in which iich float occurs. Surface is fairly level and ordinary conditions causing float to 
move downhill are absent. The general direction of glacial movement was a little east of 
south. Following methods aiiply generally to areas of glacial drift. 

Prospecting methods are based on recognition of fact that while glacial drift contains 
rocks brought fiom a distance and entiieiy different from the underlying bedrock, it may 
be composed largely of material of local origin. Sequence of oixirations is as follows: 
Mappinu. a contour map is made of the area on a scale of at least 40 ft to 1 in. On this 
are recorded details of geological structure, drainage lines, course of glacial transportation, 
distribution of gold-bearing float, position and depth of existing pits. A compass survey 
ivS usually sufficient Pannino .\bout 200 pans are taken from old dumps, surface soil, 
beds of bioolvs and sides of old trenches or pits. An exact record is kept, showing location 
of samples, numl>er of pans taken, character and composition of drift (which may give 
duo to its source), and number and size of colors m each pan. Results are recorded on the 
map and summarized by drawing two lines, one enclosing the area in which float gold of any 
size occurs, and the other limiting the area contaimng shotty gold and large colors. This 
inner line incloses the center of gold distribution; within it and near its northern extremity 
most of the prospecting work will lie done. Paimmg lessens the amount of hea\^ pre- 
liminary woik. It usually confirms inferences drawn from the distribution of float and 
prevents work in barren are^is. Two men, panner and helper, usually do this work in 4 
or o days. Test pits are thou sunk. A noteloook is kept showing each pit in cross-sec 
on a large scale. Following details aie nott'd: (a) depth, thickness, slope, mode of for- 
mation and composition of each layer in the drift. Each layer is given a number for 
futuie refer once; {fO results from panning each layer; (c) absence or presence of float, 
quantity and estimated value lier ton, number of pieces, size, degree of wear, and character 
of each variety and its as.sociated minerals, as an aid to identification; (d) details of bed- 
rock, dip, strike, cleavage, results and direction of glaciation, (c) depth and amount of 
water encountered, (/) size of pit and number of buckets hoisted; (g) labor, time, and 
material for sinking and tiiTil>ermg. Items e, f, g are useful for estimating future work. 
All pieces of gold quartz are kept for comparison with float from other shafts; they are 
numbered and put in boxes. Cross-sections show no orderly arrangement of strata; 
more beds occur in one pit than in another; 2 different layers may contain float from 
same lode. These irregularities are due to different periods of erosion; often transporta- 
tion takes place in somewhat different directions at different times. But such correlation 
of various layers as is possible, and a comparison of their contents, give much informa- 
tion about origin and distribution of float gold. Location of pits. A test pit should 
always be sunk to bedrock near northern hmit of area of richest pannings or float. Pits 
are put down in rows across direction of float movement. If all the gold is in upper layers 
of drift, its source is probably remote and pits can be placed at some distance apart; if all 
gold is confined to lower layers of deep drift, the vein is probably not far away. If gold 
shows only m upper layers, time and money can be saved by sinking only a few pits below 
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the auriferous horizon If pits on the right end of a row show no gold, the next row is 
shifted to the left and vice versa. Float gold is distributed from an oreshoot in a more 
or less fan-shaped form ; hence the area to be prospected decreases as the source of the gold 
is approached. Often, post-glacial drainage has rearranged drift, rendering above methods 
fruitless unless old drainage and erosion processes can be interpreted. 

Cobalt, Ontario. Narrow veins of native Ag, associated with Co and Ni arsenides. 
Veins occur in diabase, conglomerate, and greenstone, some profitable deposits are 1 m or 
less in thickness. First discoveries were made by examination of rock outcrops; Co 
minerals oxidize to pink erythrite or “ cobalt bloom.” The pink color disappears under 
weathering, but is a good indicator when the locks in the vicinity of a vein are freshly 
broken. All small crevices are examined; if ore is present, the crevice yields a soft black 
mud, CoO, containing nuggets of native Ag, oi ai senates of Co and Ni are found a few 
inches below surface. Calcite veins are also considered favorable indications. 

A large part of the district is covered by shallow glacial drift, in which prospecting is done by 
trenching. Rectangular coordinate lines are laid out on the suiface at intervals of 50 to 100 ft 
and trenches are dug along these; in deep soil, trenches may be farther apart because of then higher 
cost. A few preliminary tienches are dug before thorough prospecting is attempted. On a contour 
map are recorded geology, rock outcrops, known veins, swamps, property lines, areas of deep drift, 
etc. Trenches are just wide enough for men to work to advantage; to allow cleaning the bedrock, 
they must be 2 to 3 ft wide at bottom; width at the top depends on depth and character of soil. 
When depth exceeds 6 ft, trenches are timbered by an occasional stull with uprights or head boards 
(19). In dry soil, bedrock in trenches is carefully cleaned with brushes; in clayey soil, by washing 
Use of water is avoided where possible, as it conceals crevices by filling them with mud. Veins are 
difficult to recogmze, especially in diabase, every likely place is blasted out. Each vein found is 
stripped as far as it can be followed, and shot out at close intervals. 

R. B. Watson, Gen Mgr, Nipissing Mining Co, Cobalt, Ont, furnished following 
data on systematic prospecting by that company. In 1912 an hyduaulic plant was 
installed, to wash all the soil off the surface, for complete inspection of the rock. Water 
was pumped from Cobalt Lake. Details of installation* one-stage centrifugal pump, 
capacity 4 800 gal per mm against 415 ft head, guaranteed effic, 78%, 050-hp motor, 
2 200 volts, 1 180 r p m; spiral-riveted, 16-in pipe line, No 10 gage, with bolted joints to 
allow adjacent lengths of pipe to be turned through angles of 10° to 15°, without leakage. 
Some lengths of pipe had flanges on one end and bolted joints on other, giving a little 
stiffer pipe line. Size of nozzle was from 3 to 4 m, depending on whether a very strong 

stream was desired, or less force with larger volume. 
For good results, pressure at nozzle of at least 100 lb 
per aq in was necessary. When all ground within reach 
of the nozzle was washed off, usually taking about a 
day, the pipe line was extended to the next set-up, 
which had been prepared in advance. After an area 
had been cleaned, it was examined, surveyed, and then 
served as a dump for spoil from adjacent areas. 
Dynamite was used to break rock and scatter heavy 
boulders. In 1914, the plant ran 79 08% of the time; 
153 set-ups weie made; aver time lost in setting up, 1 hr 32 mm. Aver press at nozzle, 
138 lb per sq m. 68 309 ft of pipe were shifted and 18 730 ft of roads were built. 95.55 
acres were washed; aver depth of soil, 3.4 ft; 529 415 cu yd were moved. 

In 1914, on La Rose property, the soil was shoveled off an area of several acres, in strips 
20 ft wide; distance between strips was made as small as possible, detei mined by the 
height to which men could throw the dirt Aver depth of soil was 1 9 ft 

Quebec copper-gold belt (Rouyn District); data from K. W. Fritsche and A. B. 
Parsons (504). Steep-dipping lenses of sulphides containing copper and gold occur usually 
in rhyolite and andesite, often associated with syenite-porphyry dikes. 

Systematic prospecting is done over large areas, much of which is heavily wooded, 
making traveling without axemen difficult. Typical sequence of operations on a group 
of 40 claims (8 000 acres) . (a) Parallel base lines at half-mile intervals are laid out by 
transit. (6) ” Picket ” lines, 200 ft apart, are run at right angles to base lines, (c) An 
experienced geologist makes observations along the picket lines and directs pick and 
shovel work or drilling and blasting on likely outcrops, (d) Dip-needle observations are 
made by young engineers every 50 ft along picket lines, to indicate presence of magnetite 
and pyrrhotite. Results plotted and maps studied by geologist, together with his own 
notes. Large areas can now generally be neglected as valueless, (e) On several groups 
of claims encouraging areas have been studied by electiical prospecting (Sec lOA). (/) If 
(e) is not done, favorable areas are studied in more detail. Dip needle may be replaced 
by a magnetometer (Sec lOA), and observations made at 10- or 25-ft intervals on lines 100 ft 


Table 2. Trenching at Nipissing 
Mine 


Year 

No 

men 

Miles of 
trench 

Aver 
depth, ft 

1909 

87 

33 1 

3 4 

1910 

61 

31 7 

2 7 

191 1 

25 

13 7 

2 7 
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apart, (g) Promising areas are cleared of timber and brush and trenching begins; first 
trenches 50-200 ft apart, depending on depth of cover. Table 3 shows how duty of labor 
in trenching vanes with depth, number of roots, amount of water and regularity of bedrock. 
Oxidized or enriched parts of outcrops (seldom over 2 ft deep) are blasted out before sam- 
ples are taken. One man channel-samples 40-80 ft of trench per day in 5-ft sections. 
(h) Outcrops considered good enough are explored by diamond drill, (i) Shafts, crosscuts 
and diifts are made, and deposits explored further by underground diamond drilling. 


Table 3. Duty of Labor in Trenching, Quebec Gold Belt (504), about 1924 


Example 

No 

Dimensions of trenches 

Labor, 

man-days 

Cu yd per 
man-day 

Conditions 

Length, 

ft 

Width, 

ft 

Depth, 

ft 

Cu yd 

1 

I 

16 

3 

4 

1 



I 


2 

30 

3 

4 5 

; 




j Roots and gravel. 

3 

13 

2 

2 5 

ir 31 9 

6 


5.31 

< No w'ater. Bed- 

4 

16 

2 5 

3 





1 rock smooth 

5 

20 

2 

2 

j 





6 

10 

6 

10 

22 2 

I 


3 17 

1 Gravel, large bould- 









era and water 

7 

54 

3 

3 

18 0 

7 


2 57 

Many roots. Bed- 









rock rough 

8 

20 

3 

5 

12 9 

5 

5 

2 34 

) Roots, gravel and 

9 

10 

4 

7 

10 4 

5 


2 08 

) some water 

10 

10 

4 

5 

7 4 

4 

5 

1 64 

Sticky clay, much 









water 

1 1 

40 

3 

4 

17 8 

12 


1 98 

(a) 

12 

30 

2 5 

2 5 1 

6 9 

6 


1 15 

(6) 

13 

65 




3 




14 

1 10 




4 

5 



15 

75 




3 



(c) 

16 

72 




3 

5 


) 


(a) 2 ft uiKlorlairi hj 2 ft partly dcoornpofc.cd schi«;t (^>) Partly decomposed schist, hand 

drilled and blasted, co^t of I)ov^del not included, (c) Stripping moss, roots and some gravel; 
aver width of these openings, 2 ft, max depth, 2 ft. 


Quebec gold vein. J. Y. Murdoch, in 1938, contributes folloumg data on surface 
exploration of a gioup of 5 chums, 125 miles fiom Hll in noithern Quebec, perfoimed 
duiirig 4 summci months by 4 men \Mth foieman and cook; wages $4 50, less $1 25 for 
lioard Men and supplies transpoi ted by h.\dioplane Ihevious work had exposed 120 ft 
length of ^eln, 0 ft wide. Aiea heavily wooded, but oiitciops numerous; o\erbuiden, 
where tieiiched, 1-5 ft deep Tieiiches iierpendiculai to outcrop, spaced 10-30 ft apait, 
wcie 5 ft wide, wheio rock blasting at bottom was desiied, G-ft width was better. In 
clay oi sand, 1 man in 1 da\ dug about 10 ft of trench 5 ft wide and 4-5 ft deep (7 -S cu vd). 
Total tieiiching duiing 1 nios included IIM) ft on the known vein, and 1 2(K) ft in search of 
jiarallel veins, lock blasting at bottom of trenches, for sam{)ling below weatheied zone, 
amounted to 200 ft. Double-hand dulling with " /s-m hex steel and G or 7-11) hammers 
made 12 ft of hole in S hi , holes 2 4 ft deep, loaded with 40% Korcite, 3 sticks for a 3-ft 
hole, and fired by fuse with No G oi S cajis. Channel samples were 1-1 5 in deep and 2-3 in 
wide, wdiere niiiieializat.ion was ii regular, and free gold appeared, laiger samples were 
taken. Two 10 bv 12-ft tents and a 12 by 14-ft cook tent for G men. Floois of split poles; 
tents carefully screened. Staple food suppl>' foi the pai ty for 4 mos w^eighed tabout 3 000 lb. 
Essential eiiuipinent of tools is listeil in Art 13. 

Witwatersrand, South Afi ica Silicifieil conglomerates cai i y Au, and occin as members 
of a series of sedimentary roi'ks. The auriferous “ banket ” reefs dip at IG to 90° Faults 
complicate the woik of locating outcrop extensions in places. “The surface is first 
examined to locate om* or moie Ix'ds of sandstone, wuth wdiich the reefs are conformable ” 
(25). Topogiaphy is clo.scly related to the geology; hard beds form ridges and, in some 
cases, sti earns follow fault lines. In shallow soil, indications of the chai actor of under- 
lying rocks aie olitainod from ant hills; over banket these have generally a yellowish gray 
color, over basalt dikes they consist of red loam. 

Trenclips are dug at right angles to the strike of the formation at regular intervals. One trench 
near middle of property is continuous, the others are made only where the central trench shows 
that a reef is likely to cross. At each point where reef is found, a small shaft is sunk deep enough 
to provide samples from points unaffected by surface alteration. In deep soil a small shaft is sunk 
into solid fornirtiou, and a crosscut driven to give a section of the rocks; or 2 or 3 shafts are sunk 
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and connected by crosscuts. Values are remarkably persistent and fairly uniform over large areas 
of reef; hence, surface exploration g)ve8 rehable indications of conditions at depth. 

Suan Concession, Korea (480) . An area of 15.5 by 10.5 miles was prospected and about 69 000 
acres systematically explored in 1905-1916. Orebodies, generally lenticular, to 126 ft wide by 400 ft 
long, are contact metamorphic deposits around a granitic bathohth 6 by 5 miles in area. Some 
deposits are distant from the contact. Valuable metals Au, Ag, some Bi and W. 

Some of the deposits were exploited by ancients; intensive study of old workings led to discovery 
of one important orebody and indicated marked surface impoverishment of ore which might have 
caused ancients seeking high-grade ore to overlook valuable deposits. Known gold placers in 
streams flowing from high ground at center of bathohth furnished another aid to prospecting for 
ore in place. 

A topographic and general geologic survey was made; all known data and all results of pros- 
pecting were mapped, maps were made for each square mile on scale of 1 in = 160 ft. Each square 
mile area was first explored by sinking test pits to bedrock at intervals of 300 ft along creeks and 
valleys. Systematic samples from each pit were panned and depth of pit, nature of bedrock and 
results of panning were recorded on map. On finding colors or favorable indications, intermediate 
pits w'ere sunk 100 ft apart. Detailed study of surface conditions and local geology was made in 
vicinity of favorable showings. Such areas w'ere then prospected intensively to locate source of 
minernl; traces were followed by test pits about 100 ft apart until approx line of mineralization was 
located, then a series of trenches at right angles to this line uncovered outcrops. Many outcrops 
were discovered, several containing profitable ore. Samples from test pits for panning were taken 
in 2-ft sections; composite samples, compri.sing the last 0 5 oz of concentrate in each pan from a 
given favorable area, w'erc completely analyzed to determine the minerals present. The concen- 
trates were also examined systematically with a microscope, which led to the discovery that small 
amounts of W were widely distributed around the contact. Native labor, in charge of a foreign 
miner or prospector, who had underground experience on the property, was used for prospecting; 
separate crew's were employed for»preliminary and intensive work Native wages 25fi per 8-hr 
day for miners and 20^ per 10-hr day for coolies. On intensive work a crew averaged about 4 square 
miles in 6 months; cost, about $2 000. Aver cost of test pits, about 5^^ per ft, cost of trenches 
varied widely, averaging about per cu yd. 

West Australia (506). Gold-bearing veins occur near porphyry dikes and jasper 
“ bars,” often in vicinity of contacts between granite and greenstone; such localities 
are sought as favorable for detailed prospecting. 

Tracing float and ” loaming ” (tracing by panning, Art 4) aie the principal prospecting 
methods. In and areas, a ” loam bag ” of cotton cloth, 6 in diara by 6 ft long, wuth 
tapes sewed to it at 9-in intervals, is used for collecting and carrying samples to water for 
panning. The piospector having found float, colors, or favorable geology, digs parallel 
rows of holes, 4-6 in deep; holes m a row arc about 12 ft apart, rows ate about .30 ft apart 
and he approx on contours. A sampile from each hole is put in the loam bag; samples 
kept separate by tying the tapes between them Holes showing colors are marked with 
stakes; stakes in lower rows indicate trend of traces to one side oi other, and guide the 
prospector in locating the next higher row of holes. Woik continues until colors cut out 
of surface soil, when values are followed in deepei ground by tionching. At times, samples 
are tested by ” dry blowing,” a winnowing process wherein the sample is rei^eatedly 
poured from a dish or pan (about 15 in diam), held at level of operator’s head, into a 
similar dish on the ground. The wind blows fines aside, leaving coarser material and 
gold behind. Bib (506) describes dry-blowing machine for testing larger samples. 

West Uganda, Africa. N. W. WilsK>n in 1938 described an exhaustive survey of a 
155-sq mile area on SE flank of Ruwenzori Mt, E Africa (96). Region is a few miles 
N of Equator, at altitudes of 3 500-13 500 ft; lower elevations are generally oixm, bushy, 
or grassy; higher ones, densely wooded, cold and wet. Nearest RR at Kampola, 170 miles 
by air-line Mapping and detailed prospecting were done concurrently. Three parallel 
main base-lines were laid out, one near N boundary, one on 8 boundary, and one midway. 
These were connected at right angles by grid of parallel traverse lines, 1 200 ft apart in 
open country, 2 400 ft apart in forest. On traverse lines, vegetation was cleared to width 
of 6-6 ft, and stakes set every 300 ft. It was considered that any orebody large enough 
to be valuable, if not actually intersected by a traverse, would Vie disclosed by neighboring 
float. Pits were sunk to bedrock at every second stake; also at every crossing of a gulch. 
Stream beds wider than 6 ft were traversed their full length; narrower ones by cuttings 
for 300 ft each side of intersection with a traverse line. Stream beds about 1/2 mile wide 
were not pitted, because numerous large boulders prevented alluvial working. Black- 
sand residues from panning of pit material were collected into composite samples, repre- 
senting 5 000 ft of traverse and critically examined at headquarters, together with speci- 
mens of outcrop and float. Observations were mapped on scale of 1 : 10 000. Each 
prospecting party was under 2 Europeans; one with about 70 natives for clearing the 
lines; other with 10 natives for geological work. Alternate ” strips,” 6 lines wide, were 
worked by 2 parties. For close examination of likely spots, subsidiary lines 300-600 ft 
apart were cleared to width of 20 ft for inspection by engineer in charge. 



SURFACE PROSPECTING AND EXPLORATION 10-33 


Clinton hematites occur as stratified beds in the Clinton formation (Silurian age), all 
along the Appalachian Range, and also in New York, Kentucky, and Wisconsin. The 
beds vary in thickness from a few inches to 10 or 12 ft; they are subject to all the irregu- 
larities of sedimentary rock beds (Art 3; also Sec 2). Prospecting may start from discovery 
of float or outcrops, or by recognition of some member of the Clinton senes with which 
these ores are associated. Above or below the ore bed there is usually some characteristic 
stratum which outcrops; measurements from this give an approx location of the ore-bed 
outcrop at different points along its strike. The outcrop is then uncovered by trenches 
or test pits. In the south, weathering extends to considerable depths, but on hillsides 
erosion has kept pace with it and unaltered ore is often within 5 ft of outcrop (o). 

To determine thickness and grade of ore, dip, strike, etc, exploratory openings (inclined 
shafts or drifts) should be driven at regular intervals into unaltered ore. Since these 
orebodios are of sedimentary origin, they are apt to be uniform in size and tenor over large 
areas. Exploratory openings may be placed far apart and still give good basis for tonnage 
estimates (7). Geological structure should bo carefully worked out. Diamond drills are 
used for deep exploration to check outcrop evidence, locate faults, etc (Art 7). 

Brown iron ores (limonite) in the Appalachian valley. The two important types are 
residual deposits and replacement deposits. 

Residual deposits consist of masses and boulders of limonite, embedded in clay and lying on an 
uneven surface of limestone or dolomite. Orebodies are very irregular and are covered by sand and 
soil. Discontinuous outcrops occur, especially lu gullies, or limonite gravel is found (5). Mining 
18 carried on in open cuts, and exploration must show area, aver depth, tonnage, and quality of ore, 
and depth and character of overburden. Usually a few test pits are put down to determine whether 
surface indications are connected with orebodies of any size; data on concentration and quality 
of ore arc obtained by washing and analyzing the samples. Different methods are used for explora- 
tion if preliminary results are favorable Alvbama brown iron ores are often prospected by 
pits, first at corners of 2()0-ft squares, and then .at closer intervals for more accurate delineation of 
boundaries (6). Pits, preferably circular and of 30- to 34-in diam, are sunk by hand, using short- 
handled (12-18 in) picks and shovels, hoisting by windlass and bucket In soft material, sides can 
be supported by hoojis of I /2 by 2-m iron, with 24-in corrugated roofing in 5-ft lengths for lagging, 
recovered when finished. Unless water interferes, 2 men can sink a pit to fiO ft or more, at contract 
price (1937) of 25-50^ per ft Values may be estimated (a) all material taken from ore bed, 
volume of w’hich is calculated from thickness of bed and diam of hole, is quartered dow'n, after 
breaking lumps, waushed to remove sand, weighed, and sampled for analysis; (6) a vert groove, 2-3 
in deep and wide, is cut dowm one side of finished pit, vol of sample measured, and ore contents 
weighed after washing; method (b) is faster and cheaper. Aver recovery of washed ore, 1 ton 
from 2 5-3 cu yd, exclasive of overburden. Elsewhere, augers or churn drills are used (26). Similar 
methods are used in prosiiectmg for, and exploration of, Tenn and Texas brown ores. 

Replacement deposits are from replacement of a particular bed (Art 3). They vary widely wdth 
dip ami nature of rock replaced, methods of prospecting depend upon topography and geol (7) 

Brown phosphate rock in Tenn (338). A few pits are sunk at selected points, to check results 
previously obtained by auger holes (\rt 10-a). T V A (in 1936-1938) let contracts for this work, 
including digging, sampling, and refilling, at 60^ for first ft, plus 50^ per ft down to 10 ft, sliding 
scale for deeper pits made a 20-ft pit cost $16 35; still deeper, $16 35 plus $1.60 per ft. Con- 
tractors supplied all tools, and transported samples 40-50 miles to laboratory. Usual sampling 
practice wnis to cut a channel, 1 ft square, down one side of pit, recovering phosphate contents by 
washing. Dry wt of phosphate divided by depth of bed gave recoverable contents per cu ft. 

Alluvial gravel. Initial prospecting is often done with test pits, especially in shallow 
ground free from water; (churn dulls for deep or water-bearing gravel). First pits or 
holes may be located at random; later ones, on regular system or according to information 
gained. D. L. Sawyer contributes data m Table 4, on test pitting in exceptionally coarse 
gravel. Pits were 3.5 by 3.5 ft cross-sec; no water encounteied; most pits were cribbed 
with 2 by 12-in planks on edge, notched at Ixith ends; some were sunk on company 
account and some by contract; crow of 3 men at each pit under either ariangement. 
High cost of certain pits due to large boulders and fine, running sand. 


Table 4. Labor Costs for Test Pitting in Coarse Gravel, Yavapai Co, Ariz 


Pit depths, 
ft 

Company account 

Contract arrangement 

Aver advance 
per shift, ft 

Labor cost 
per ft 

Earnings per 
man-shift 

Aver advance 
per shift, ft 

Price per ft 

Ear mugs per 
man-shift 

5 

4 80 

$2.50 

$4 00 

9 80 

$1 75 

$5 70 

5-10 

3.00 

4.00 

4 00 

7 65 

2.00 

5.10 

10-15 

2.20 

5 50 

4 00 

4 20 

3 00 

4 20 
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7. PROSPECTING AND EXPLORATION BY BORING (See also Sec 9) 

Applications of boring in connection with prospecting and exploration are : location of 
minerals covered by soil, rock, swamp, or water; search for extensions on strike or dip of 
known orebodies; search for parallel orebodies; location of faults, faulted segments of 
orebodies, and water-bearing strata; detailed exploration of orebodies for estimating 
tonnage and value. Limitations. Boreholes vs other openings. Boring is not 
always the cheapest method of prospecting or exploration, and may not furnish all the 
desired information. In such cases, use test pits, shafts, or diifts. 

Choice of method in any particular case is based on consideration of following factors. 

Type of orebody. Boring is not best adapted to exploring narrow, steeply dipping 
veins, small and irregular orebodies or high-grade, spotty deposits, although much of the 
diamond drilling actively and satisfactoi ily conducted in Canada is m such deposits. 
Boieholes, because of their small diam, may miss such orebodies entirely, or pierce them 
in pinches, swells, barren, or rich spots. Thus, diamond drilling cut a vein at a barren 
spot on City of Cobalt property, Canada, and failed to discover a rich vein system subse- 
quently found by underground work (508). Boring from the surface is best suited to 
large deposits of fairly uniform grade, as masses or beds dipping less than 50°. Examples: 
Lake Superior iron ores, disseminated lead and zinc ores of Missouri, “ porphyry copper ” 
deposits, Clinton iron ores, and coal seams. 

Cost. In surface drift, boring is done by augers, churn drills, or wash-boring; test 
pits are sometimes cheaper. Within its limited field an eaith auger (Sec 9) will usually 
put down a 2-in hole for less than 0.2 of the cost of a test pit to same depth. To depths of 
20 to 30 ft in surface drift, free from water and requiring no timbering, small test pits 
usually cost less per ft than churn-drill holes. Pits aie better under such conditions for 
both prospecting and exploration, because of the more accurate mfoimation they afford. 
In soft rock, small shafts often cost less than either churn-drill or core-drill holes to shallow 
depths (20 to 50 ft). This is true only where no timbeiing is required and water is absent. 
In soft porphyry at Ajo, Ariz, 4 by 6-ft prospect shafts, 50 ft deep, cost less than diamond- 
drill holes to same depth (27). The cost of moving and setting up drills is largely respon- 
sible for the high cost pei ft of shallow boreholes, h^'or hard rock, and for greatei depths 
in soft rock or alluvium, the cost of boiing per ft is 0.2 to 0.5 that of small shafts. 

Speed. Boring has little advantage over test pits for shallow work (20 to 30 ft) in dry 
surface drift requiring no timbering. In rock, and for greater depths in alluvium, speed 
of boring may be 3 to 10 times that of shafts or other underground openings. Presence 
of water increase.s cost and deci cases speed of underground openings, hut does not inter- 
fere with boring. Boiing is theiefore peculiaily applicable to prospecting and explora- 
tion in water-bearing formations. 

Purpose of work. Many boreholes are made merely to locate strata or orebodies 
preliminary to sinking or driving to or through them. Thus, in the Clinton iron ores of 
Alabama, diamond-drill holes are bored at distances of 1 000 to 3 000 ft from the out- 
crops, to locate the ore bed and anticipate the effect of faults on location of shafts and 
workings. Similar cases occur in coal mines. On the Rand, also, the reefs undei deep- 
level properties are located by diamond-drill holes befoie working shafts aie begun. 

Boring has a special field in prospecting for oil, gas, salines, and sulphur, where the 
borehole is used subsequently to conduct the mineral to the surface. For work under 
swamps, lakes, rivers, or deposits of quicksand, boreholes are most useful both for initial 
prospecting and for exiiloration based on indications given by geophysical nic'thods 
(Sec lOA). Inclined holes aie sunk from solid ground, or vertical holes from Ixiats or 
through the ice in winter. 

Speed vs cost. Where geological data are of chief interest, speed and cost are jiara- 
mount factors, samples of the orebody are secondary objects, and boring has an advantage 
over shaft sinking which increases with depth of the deposit. At the other extreme is the 
work of detailed exploration to determine tonnage and aver values, m which cost and 
speed are subordinated to necessity for accurate samples; type of orebody then determines 
the choice. 

Underground openings always give more accurate information and samples, but avlvan- 
tage can be taken of the speed and cheapness of boimg in orebodies like the Mesabi iron 
ores and the “ porphyry coppers,” where values are uniform over large areas, or vary 
gradually from point to point. So much work has been done in some districts, as S E 
Missouri and in certain placer deposits, that empirical factors have been determined, to 
correct inaccuracies due to boring practice and to irregularities of the orebodies (Art 6) . 

Transport. In remote districts, cost of transporting botmg apparatus may bo pro- 
hibitive, except for shallow prospecting where hand drills can be used, although airplane 
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transport of heavy and bulky equipment is overcoming this difficulty (646). It should 
bo noted that borehole results aie susceptible of more accurate interpretation in districts 
where the details of geology and ore occurrence are well understood; shafts or other 
openings are theiefore sometimes preferable for preliminary work in new districts. Steep 
or rough topography increases cost of boring, ow- 
ing to expense of moving drills, and may compel 
the use of underground methods. 

Boring from underground points by diamond 
drills, and occasionally by hammer drills, is 
done in many mines, in searching for orebodies, 
to locate the limits of wide orebodies, or to 
obtain geological information. Footage may often 
be saved over holes started from surface. Steep- 
dipping veins may be cut by holes nearly nor- 
mal to their plane. Fig 47 shows a hypothet- 
ical case, where a crosscut on bottom level 
failed to cut a vein known on levels above; pro- 
jection indicated that the vein would be cut at 
point A. Diamond-drill hole No 1 also failed to 

find the vein. Hole No 2 cut the vein as indi- Fig 47. Locating Downward Extension 

cated , a raise was then stai ted at B to reach bot- of Vein 

tom of ore. 

At Alaska Treadwell mine in 1913, 4 318 ft of holes were thus drilled to outline portions 
of the deposit (28). Rocks are hard diorite, quartz, and greenstone, and soft slate con- 
taining quartz stringers. A high core recovery was obtained; 90% in one honz hole, 
1 000 ft long The information was therefore accurate. Di ifting and tunneling would 
have taken 4 times as long, at a cost of $8 to $12 per ft. Cost of drilling was $1.62 to 

$1.74 per ft. Miami Copper Co did 2 714 ft of vertical diamond drilling from under- 




giound set-ui)s in 1912 and 1913 (29). Rock was silicified schist, broken into small pieces 
by lisstiros, the individual pieces being v'ery haid. The holes caved frequently and were 
difficult to dull and sample; less than 10% of the coie was recovered. Cost, $5.44 per ft; 
speed, alxnit 5.5 ft per S-hr shift. These examples show that the advantages of boring 
an* Icsiioneil in very difficult founations. Fig 48, from M. G Hansen (97) in 1933, shows 
diamond drilling on a level of United Verde mine, -\nz. Orebody is a pipe-like mass of 
sulphides, dipping about 60®; work was done to ascertain geology and locate walls and 
commercially mineralized areas. Most holes were nearly horiz, lying at angles between 
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+12° and —5°, and 150-650 ft deep; deepest, 2 200 ft; several exceed 1 000 ft. For 
further details, see Art lOc. 

Choice of boring apparatus, from standpoint of depth of holes, speed of boring, first 
cost, operating cost, convenience of transport and character of formation: for these points, 
see Sec 9, also Art 10. 

Locating boreholes. Choice of sites depends on nature of work to be done. In 
strictly prospecting operations, geological indications, or the position of ore on adjacent 
property are the only guides; in such work initial drilling is often done at random. Holes 
are placed systematically for detailed exploratory work. 

Fig 49 shows in plan a mode of prospecting for fl.at massive orebodtes. Coordinate 
lines are laid at intervals of 50 to 60 ft, depending on the type of oreliody sought. If 
there is no adjacent work to indicate the probable location or course of oie, the first hole 
is sunk at the most convenient point, say at ^l. In the illustration, this hole would be 
barren. Assume that the second and third holes are drilled at B and C. They indicate 
that the trend of the orebody is not along either AB or BC, and subsequent drilling would 
be done in the directions EF or GH. Instead of drilling hole 
C, after ore is found at B, holes 3 to 10 might be drilled. An 
infinite number of variations occur; as a rule, before close 
diilling IS attempted, it is cheaper to establish the general 
trend of an orebody. 


Fig 50. Diamond-drill Holes at Victoria Mine, Mich 
(after A. 11 Meuche, Ann Rep 1909, Mich Geol Surv) 

In the Michigan copper region the orebodies occur in the amygdaloids and inter- 
bedded sediments of a series of tilted lava flows, tnincated edges of which are covered by 
glacial drift. According to T. M. Brodeiick, overlapping diamond-drill holes, of which 
the spacing and inclination in a plane perpendicular to the stiike are dependent upon the 
dips of the series, disclose the general succession and location of any niineialized horizons 
(Fig 50). These horizons are then dulled in greater detail, and if mineralization is per- 
sistent, trenching or underground investigation follows. Because of 
very eiiatic distribution of native copper in most deposits, the dia- 
mond drill IS not expected to yield (luantitative sampling informa- 
tion. Special conditions cause modifications of piocedure. Where 
overburden is deep and difficult to penetrate, it may he more eco- 
nomical to drill holes steeper than at nglit-anglea to the bedding, since 
the greater footage in rock necessary to covei a given stiatigraphic 
interval may be moiethan compen.sated by the shorter distance in 
overburden. Occa.sionally, where beds and the fissures crossing them 
are both mineralized, it is desirable that diamond dulling give infor- 
mation on both types of ore occuiience. Certain combinations of dip 
and strike of beds and of fissures make it pos.sible to do this by inclined 
holes oblique to the strike of both, which, while not cheapest for 
either, aie most economical for simultaneous exploration of both ore 
structures. 

A plan similar to that in Fig 50 is applicable in prospecting coal 
formations. Fig 51 shows an amplification of this method, used for 
detailed exploration of veins, in the search for oreshoots in veins, and 
for exploring pitching coal seams. Closer information is usually ob- 
tained if holes in successive rows are staggered, as shown. Choice 
between vert and inclined holes {CD, Fig 51) depends on local con- 
ditions. Vert holes are cheaper where depth of surface drift is great. They are used in 
initial drilling where nothing is known of the dip of rocks or orebody, and in general where 
dip of formation is less than 20° to 30°. Inclined holes are preferred for steeper dips; they 
are shorter, there is less danger of misinterpreting the thickness of formations pene- 
trated, and they generally cut the short dimensions of vugs and soft layers, which give 
trouble in both drilling and sampling. 

For detailed exploration of flat massive deposits, drill holes are usually located on 
corners of squares. Some systematic arrangement is desirable to secure impartial samples 
at regular intervals and simplify subsequent calculations of tonnages and aver values. 
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Interval between holes is a matter of judgment based on type of orebody Questions of 
cost urge that holes be spaced far apart, but accuracy demands that the interval be 
hmited to a distance over which it is safe to expect the orebody to continue without 
marked irregularities m form or tenor (See Art 10 for spacing used in different localities ) 
Fig 52, from II V Norris, shows one method of locating diamond-drill holes used m 
the Penn anthracite fields, for determining position and thickness of folded coal 
seams Order in which holes were drilled is shown by their numbers Hole 14 was re- 
quired to interpret data from 12 and 13 Surface geology and outcrops are valuable aids 
m constructing such sections In the Wyoming and Lackawanna valleys, Penn, coal 
seams often outcrop under present or old river valleys, filled with wash to depths of 50 
to 175 ft. Wash boiings are made on corners of squares to determine thickness of rock 



co\er, size of squaies ^a^es from 100 to 500 ft, depending on this thickness and on 
irregulanty of bedrock suiface 

Prospecting for oil Data on geology of oil deposits and location of boreholes are 
given m Sec 44, methods of boring, in Sec 9 

Drill roads are a senoub item of expense in swampy districts, and where the topography 
18 steep or lough Staridaid rigs and diamond dulls (except Missouri type) are moved on 
wagons reciuinng roads about 7 ft wide For traction churn dulls (Keystone No 5 and 
Star No 23), used in porphyry c^>pper distnctb, hillside roads are made 9 ft wide in the 
solid The fill is relied on only in case the machine skids Max giade ad\Tbable is 15%, 
which IS also about the limit for teams hauling fuel and water Ti action drills can climb 
•^ 8/0 grades for short distances Switch-backs are used w^hen necessaiv, drills can not 
take so steep a grade while backing as when going ahead In the Miami district, Ariz, 
with dull holes spaced 2(X) ft apuit, a minimum of 300 ft of road was required per hole (33) 
At Miami, about 1 cu yd of mateiial was moved per linear ft of road (.^) 

Orgamzation of boring work Good management is especially necessary w here many 
drills are employed Given bui table drills, economy in large-scale woik may be (secured 
by minimizing dclav'^s and labor reijuiied, and using common labor for roubtabout work 
so that high-priced dnlleis bjiend maximum time m actual drilling Scale of operations 
limits exUait to whidi these economies are piofitable A map is essential to proper 
organization, and the points at which holes aie to bo drilled must be marked on the 
ground m advance 

Many deIoAys can be pi evented by keeping at hand extra bits and bmall lepair parts. 
Where tubs or barrels are used foi samples, enough should be prov ided at each machine so 
that drilling can proceed while sanqili's are settling or drying Supply seivice for fuel and 
water should be caiefully planned Koads, if recpiired, should be constructed before drill 
is leady to move, gasolene-drn en diamond drills, mounted on skids and diagged by^ their 
own pow^ei, minimize expense foi roads Fi el AA ith coal, boxes oi plats at the dull 
are necessary to prevent w aste and giv c clean fires here w'ood is burned it bhould be cut 
to propel length before delivery, similar foresight is Ubcni in planning storage and delivery 
of liciuid fuels, building powci lines and handling cable for electiic-diiven drills 

Churn-dnll work. The ciew comprises a clriller, heb>er, samplei, and sometimes a 
fireman (hcl{xjr generally fires when coal fuel is used or when wood is deliv^ered m proper 
lengths) If two drills are kept near each other, one sampler can look aftci both, hence, 
wheie several drills are in operation, they should be worked in pans Under favorable 
conditions one team can servo 3 or 4 drills within a radius of 0 5 oi 0 75 mile Keeping 
drills close togethei also allows easy supervision and use of fishing oi othei tools in com- 
mon A foreman for 3 oi moie drills will save his wages Some engineers employ an 
extra driller or holi>er for every 2 or 3 drills, claiming that the saving in cost of moving, 
casing, and upkeep more than offsets the increased lalior cost For moving, setting up, 
casing, and pulling casing, 4 men (usually the crew of 2 shifts) aie employed For this 
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reason, and in general, 2-shift work (either 8, 10 or 12 hr) is more economical than 3 
8-hr shifts (34). 

Diamond-drill work. The practice of keeping a number of drills near together has 
same advantages as for churn drills. Smallest possible crow for 1 drill consists of a drill 
runner and fireman for steam-diiven dulls (or a duller and helper for motor-driven drills), 
on day and night shitts, and a foreman on day shift. Foreman sets bits for both shifts 
and tends to sampling on day shift; drill runner does sampling on night shift. Except in 
remote places, it is now common piaitice to return worn bits for resetting at factoiy, 
maintaining a sufficient supply of fresh bits to peimit uninteniipted operation. In some 
localities a drill i unncr and 2 helpers are used on each shift. In hard rocks giving good 
cores, where the sludge frequently is not saved, no special samiilers are reqinied, the fore- 
man or drill runner can attend to the cores. \\ here accurate samples depend on saving 
the sludge, samplers arc generally necessary. C. E. van Baineveld cites an illustration 
of large-scale organization on the wcvstorn Mesabi range (35) For 30 drills working 1 
shift, crew comprised 30 drill runners, GO helpers, 5 pumpmen, 1 blacksmith, 3 diamond 
setters, 2 cooks, 4 waiteis, 1 superintendent, 1 cleik, 2 foremen, and 3 samplers. 

Contract work avoids outlay for dulls and makes a oonsideiable saving on small 
amounts of drilling. The practice is open to objection that the contractor may slight 
work of sampling to attain drilling speed. This objection is met by employing expeii- 
enced men as samplers on company account, and by paying days’ wages to the drill crew 
for reaming and casing (see Sec 9). A\'here theie is .steady woik for drills, it generally 
pays to buy the machines and import trained dull runners, but piactice vanes. On the 
Lake Superior iron ranges most of the drilling is conti acted, due to complete organization 
and equipment of local contracting firms and their reputation for careful work. 

E. J. Longyear Co gives following data (1938) on 5 recent diamond-drilling contracts: 
(A) Iron exploration, Mich, 1930-31. Drilling from surface; overburden 50-150 ft 
deep, or approx 30% of total depth drilled. C’arhon bits used exclusively. 4 drills 
worked two 8-hr shifts per day. Each crew included 1 runner and 2 helpers, while stand- 
piping through overburden; 1 runner and 1 helper for drilling rock. Aver crew for the 
job; 1 foreman, occasionally assisting with diamond setting, 1 diamond setter, 8 drill 
runners; 12 helpers; 2 pump-station men; 1 team and teamster; interrmttent truck service 
as required. (B) Test borings at a dam site, Teim, 1934; about 60V;, of total boring m 
overburden. Carbon and bortz bits (set on the job) were used. 4 dulls worked 3 8-hr 
shifts per day, with a crew of; 1 drill supt; 1 diamond setter; 1 asst foreman and setter; 
1 clerk; 12 runners; 12 helpers; 3 laborers to prepare locations in advance and assist with 
moving; 2 pump-station operators; 1 pick-up truck (intermittent tnick service as required). 
(C) Iron exploration, Mich, 1937. Drilling from surface, about 2Vc m overburden. 
Mechanically set bortz bits used almost exclusively. Of 2 drills, 1 worked 2 shifts, other 
3 shifts, employing: 1 foreman and diamond setter; 5 drill runners; 5 helpers; 1 pump- 
station operator; part-time truck service. (D) Iron exi)loration, Mieh. All underground 
core drilling, with I drill working 1, 2, or 3 shift.s, carbon bits set on the job. Crew: 
1 foreman and diamond setter; 1, 2, or 3 drill runners, 1, 2, or 3 helpers. (E) Gold 
exploration. So Dak. All underground core drilling with 1 drill; meehanieally set Ixirtz 
bits used. Crewq 1 head driller for day shift; 1 driller for afternoon shift; 2 helpers. 

Cost of diamond-drill exploration, per ton of oie piov«*d, may range from less than 
Iff m largo, uniform orebodies, to over lOff in small, erratic drqrosits. C K. Hitchcock 
reported m 1933 that Creighton mine proved 9 225 000 tons of ore with 28 803 ft of 
drilling at 1.4ff per ton; Murray mine, 8 560 000 tons with 35 792 ft of hole, at 1.7ff per 
ton; Beattie fJold mine, 5 330 050 tons with 8 822 ft, at fost of t).9f^ per ton proved 

Borehole results are often misinterpreted. Fig 53 shows a case wdiere 2 holes on the 
flanks of a folded coal seam indicate a thicker horiz seam A B. Careless use of data from 

the hrde in Fig 51 w’ouhl indicate 2 seams instead 
of the true conditions Results should bo intei- 
preted in the light of collateral geological evi- 
dence. 

8mglo holes, while valuable for rlotorminmg 
position of an orebody, give no information as to 
dip or strike, and often furnish erroneous values 
for thickness. The use of deflecting wedges 
(Sec 9) in deep diamond-drill holes, for getting 
a second section of the formation fiom the same 
hole, is a cheap means of securing additional data. For .suivey of deflected diamond- 
drill holes see See 9. A case of error from single holes has occurred in districts such as 
the Missouri and Wisconsin zinc fields, where churn-rlrill holes following rich vertical 
stringers were taken to piove the existence of thick, flat orebodies. 
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8. SAMPLING BOREHOLES (See also Sec 9) 

Accuracy of sampling depends largely upon the character of the material drilled. 
Diamond drills give accurate samples in hard rocks where core recovery is complete. 
Accurate samples are also obtainable by churn drills in fine-grained, unconsolidated 
matonal, where casing pipe can be driven ahead of the drill bit or sand pump. 

Soft, broken formations which cave in the hole are most difficult to sample. In these 
the efficiency of the diamond drill decreases both for drilling and sampling, and churn 
drills are commonly used. Vugs, crevices, and brittle sulphides make sampling difficult. 
Cores are moie satisfactory than churn-drill sludge for determining geological details, but 
caieful i^anning of churn-drill cuttings generally makes it possible to locate changes in 
formation or mineralization within 2 or 2 ft. A method of “ structure ” drilling employed 
on western Mesabi Range (Art l(J-h) yields cuttings m coarse fragments, permitting better 
visual iiispoction. In coal, cores are necessary to get accurate widths, to locate partings 
and to secure correct analyses. 

Length of samples taken fiom boreholes varies from 6 in to 10 ft; usual length, 5 ft. 
In soft, caving ground, or w'here mineralization is irregular, short lengths are advisable 



Tig Wooden Sludge Box, Cleveland (MilTs Iron Co 


for accurate work. In firmer ground with uniform values, the longer lengths give ade- 
quate infoimation and save expense for sampling and assaying. C'alculations incident to 
large-scale boring are simplified by taking samples in 5- or 10-ft lengths and recording 
measurements in feet and tenths. 

Diamond-drill samples consist of core, or sludge, or both. Wheie complete cores are 
olitamed they are assayed, oi the values estimated. In soft, broken rock, where core 
recovery is low, the sludge must Iw saved and its assay combined \\ith that of the core. 
Fini* sludge is often ditlicult to catch, but all must be saved when drilling m ore v hich is 
neai the mei chautablo limit of value. 

Barrels oi specially designed tanks are used for settling sludge in some distiicts (Art 10) 
and gne .accuiate results provided enough of them are used, tilled and emptied m rotation, 
to allow entire How from the hole during a sample run to settle deal. SnimoE boxes 
are sornotiriu's made on the ground. Fig ."io shows a type used many years by (develand 
C’hlTs Iron (o, 2 sueh boxe.s are commonly eonneeted m series, though freciuently the 
second liox collects but little sludge. Fig r>fi shows another design (37) , in this, the casing 
I)ipe pnijects through the bottom of the l>o\, w’hich allows it to bo phuavl inside tho drill 
shanty. Hox is lined with No 2ti galvanized iron. 'Fho baffies am of 0 25-in iron, hinged 
at top to ^/s-iii rods. 1^'ig 57 shows a remforeod wooden box, with sheet-iron baffies, 
widely used on Mesabi Range. With all types of settling doviee, tho sample is collected 
and transferred to drying pans after the clear water has been siphoned off, or drawn 
through plug holes. Lime or alum will accelerate settling. Care is necessary to avoid 
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loss of fines; to prevent salting of succeeding samples, the box and drying pans must be 
thoroughly cleaned. Sludge containing sulphides must be dried cautiously to avoid oxi- 
dation and consequent errors in assays. 

At Miami, sludge boxes were found inadequate to’settle chaloocite slime, and samples 
were collected in heavy jute bags, which allowed the water to filter through. Compressed 
AIR was also used there at times, to force cuttings out of the hole and so avoid caves caused 
by flushing of water. Fig 58 shows method then used for catching samples. Air and 
cuttings were ejected through one branch of a cross placed in top of casing pipe, a small 
stream of water being forced into opposite branch. The sack used for collecting sludge 
allowed no dust or slime to pass, and indicated the air pressure in the hole (29). 

Causes of errors in diamond-drill samples: (a) Caving ground (indicated by behavior 
of drill); corrected by casing or cementing. (6) Loss of sludge in crevices; detected by 



Fig 66. Sludge Box designed by G. 8 Rollin {E & M Jour, Mch 28, 1914) 


measurement of water fed to and discharged by hole (which should not diffei by more 
than 1%); corrected by injection of sawdust or bran, by cementing, or (as at Roan 
Antelope) by plugging with lead w'ool. (c) Attrition by dull rods against iipiior wall of 
hole, which may either enrich or im{X)verish sludge sample or introduce e.xtianeuu.'i matter, 
in a hole known to be free from crevices, attrition may lx* detected and loiighly estimated 
by comparing wt of recovered sludge wuth that theoretically produced by the dull, allow- 
ing for wt of core not recovered in solid form (<i) Failuie to lotiim all fin(‘ .dudgf' in 
settling boxes or otherwise, m a sulphide ore, some of richest particles may tend to tloat. 
(e) Failure to collect all sludge at end of sample run, particularly comber oi heavier 
particles; corrected by inspection of overflow caught at intervals in a beaker until no 
trace of solids is visible; during this operation, pump should run at full speerl, and diiec- 
tion of flow may be reversed by a temporary stuffing l>ox around dull rod at top of easing, 
latter method gives higher rising veloc through lod.s, with smaller v<dume of wash wat<‘r 
to be collected, but may not 1x3 feasible while drill la running. ( /) Adhesion of sulphide 
mineral particles to greasy drill rods; in sulphide ores, oily lod-dopes vshould be leplaced 
by soap if lubrication is needed, 

H. L. Botsford describes a case of attrition (38) aa follows. A hole at a bake Superior iron mine 
passed through following strata soft slate and pynte, H.") to 21.> ft, ban<ied ore and clicrt, 215 to 
470 ft; soft iron ore, 470 to .545 ft, black slate, .5t5 to 002 ft (V)ies from soft ore assayed 5 to S% 
more m iron than corresponding sludge, and showed a trace of stiipliur, the sludge run 0 .‘lOVi 8. 
Corea from slate below 545 ft ran 5 1% Fe, sludge, 40 to Fe. By suspending rods in the hole, 
and rotating them at normal speed for time neressarv to drill 5 ft, nearly as much sludge w.ui 
produced as when drilling ahead. This test shows that, even in ground not ra\ing so badly is to 
interfere with drilling, the rods may dislodge enough material from walls of hf)le to salt the sludge 
G. W. Thomson (39), in drilling 4 holes m Porcupine district, Ontario, found the drag of \ alues 
shown in Table 5. Orebody consisted of auriferous quartz stringers and Lenses in schist, the latter 

carrying no values Often the only core recovered from a 5-ft 
run consisted of short pieces of quartz of a combined length 
of not over 8 in. Values in the sludge did not ('orrespond 
with the richer sections of the core, but appeared .5 to 10 ft 
below. Drag of values was roughly proportionate tf> deptl* 
at which ore was cut, little trouble was exp<*rienct'd from 
caving. Water supply was small, veloc of rising current 
being 6 -8 in per see. Theoretically, it takes about 75 mm 
for a current of 8 in per sec to raise a quartz gram 0 08 m 
diarn from a depth of 700 ft. These conditions would cause 
the larger and heavier particles of sludge to hang bark and 
appear later than the corresponding core. Information as to 
amount of caving, contamination of sludge from walls, and loss of sludge in crevices can be obtained 


Table 6 


Hole 

Depth, 

ft 

Drag, 

ft 

Angle 
of hole 

\ 

320 

15 

76° 

2 

705 

25 

76° 

3 

655 

15 

90° 

4 

1 155 

35 

90° 





Do not paint boxes ^I'^Draln holes with plugrs 

Place packlnj? under quarter round 

Fig 57, Reinforced Wooden Sludge Box, Mesabi Range 
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by weighing or measuring sludge from a sample run, and comparing result with calculated wt or 
volume. This gives an index of reliability of the sample, and shows where casing is necessary; 
however, actual and theoretical sludge recovery may show close agreement, if losses and addi- 
tions to sludge happen to compensate. Vol of 
Water after filtering sludge, cu in = 0.7854 (LD2 — CDi2), where L «=» 
75*lh air press through bag flows off in drilled, C = core recovered, in; D = diam hole, 
4 I in; Z>i = diam of core, in. 


StuflBngbox _ oiuruA ^ u- • j I j 1 

Air and Combining core and sludge analyses. 

Small i u t^b ag J Following methods are used for diamond-drill 

® samples: (a) Core and sludge from a run are 

combined and assayed, giving correct results 
/ Plank flooring when the sludge is all from the sample run in 
i ^ I iWire, fafiteniag question. (5) Coro alone is assayed; correct 

% 2 ^ j only when complete core recovery is made, 

® I ^ P P* which 13 rare. Sometimes value of core is esti- 

® mated from its appearance (Art 10-b, S E Mis- 

^ERods souri). On the Rand and elsewhere cores aio 

^ longitudinally; one half is assayed and 

the other filed for reference, (c) Sludge only 
a^ Blt assayed; correct only when none or all of 

core enters sludge by being ground up in core 

Fig 58 Catching Sludge at Miami, Aria barrel, (d) Core and sludge assayed separ- 

ately, and an arithmetical aver is taken 

This is incorrect, because volumes of core and sludge are unequal (c) Core and sludge 

assayed separately and their values combined in proportion to their volumes. This gives 
correct results; also the cores may ^ ^ 

be split and one half kept for geo- *able 6. Results of Two Methods of Assaying 
logical study. (Samples m Table Diamond-drill Cores from Iron Ores 

6, were taken in 5-ft lenjdhs.) (>V . J. Mead ) (40) 

Calculations for combining core f ~ ~ 

and sludge analyses. Let D = Cora, \er \it ue ^ * 

diam hole, m, = diam of bit out- in " Method un Method (e) 

side carbons + V 32 iu; Di — diam 

core, in, = diam bit inside carbons Sludge ... 51 55) 17 ar 7 ^ 

less I /16 in; Z/ = in drilled; C = Core .. 24 21 20 ) 

core recovered, in, Vi = cu in of ^ | 37.10 43 48 

^ , Tr .K, . T/ OOit V^OF^ « 7 .5U U 1) ) 

core K 2 = cu in of fcliidge k = 01 1 

T/ 1 rr A e Sludge . 48 95) 

Vi -f- K 2 ; A = aver assay of core 37 34 OO ) 

and sludge; A\ = assay of core; Sludge .. 45 45) 

^2 = assay of sludge. Then, A = Core . 11 29 65) 37 55 44 68 

^iFi + A 2 E 2 A Fi . F 2 Tlard l^udge. . TsTtTT I77J ~~ 

V = + lore Core 31 42 45 } 


^Hydraulic feed / 
a ’^of drill J 

Air and -nv 

1 


j Plauk flooring 
I iWire, fafitenlsg 
: V bag tightly 
(to pipe 


Fig 58 Catching Sludge at Miami, Ariz 
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Aver value ('X l'*9 



in 


Method (r/'i 

Method (f) 


Sludge . . . 
Core . . 

24 

51 55) 
21 20) 

36 37 

48 23 

Soft 

Sludge , . 
Core . 

9 

44 15 j 
30 05 ) 

37.10 

43 48 

Ore 

Sludge . 
(k^re 

37 

48 95) 
34 00 ) 

41 47 

46 35 


Sludge . . 
Core . 

11 

45 45) 
29 65 ) 

37 55 

44 68 

Hard 

ore 

Sludge. . 
Core 

31 

28 201 
42 45 ) 1 

35 63 

30 74 


V L ^ y ^ jj 


whence, A - j X y:r.f {Ai — .1 J -f A 2 . 


H. L. Seward has constructed the diagram (Fig 59), from which values of - X 

be obtained for all cases where the sample run is 5 ft or less. When latio b(*t\veen (' 
and L is less than 0.1, effect of core assay may bo neglected, and assay of sludge be taken 


as the aver. 


Another diagram, Fig 60 from R. D. Longyear (123), indicates the weighting to be 


applied to coincident core and sludge assays, for varying xicreentage recovery of core and 
for 4 standard sizes of diamond drill; hole and eoro diains are estimated ^ /,32 in, respect ivi'ly. 


larger and smaller than bit diams. For another or off-standard ratio of iliams, the point 


corresponding to 100% core recovery can be calculated by dividing sipiare of core* diam 
by square of hole diam, and a straight diagonal to the 0% corner of diagram gives inter- 
mediate factors. This and similar diagrams or formulas a.sHume that: (a) lioth hole and 
core have uniform and ascertainable diams throughout length of sample: (5) no attrition 
on upper wall of hole; (c) all sludge corresponding to the core has been recovered 
Although none of these conditions may be perfectly satisfied, experience b,'i.s<Hl on sub- 
sequent larger-scalo sampling or actual production shows that sufficienfly dependable 
results are attainable by careful attention to dnlling and sampling tochnniue. Where 
particular obstacles to accuracy are anticipated, the methods of calculation employed at 
Koan Antelope and described in Bib (124, 125) may become necessary, entailing dotermi- 
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A stralKht-^dgc frotn C to JL intersects hne X”!' at same point as a straipVil-edge from 
Di* - 4 - £>* to C fV Example 21 m ol core (C') were recovered in dnlhng 4S m (L) 

With a bit where Z^i* o ,485 With stiaight-edpc, connect 21 on scale C with 

48 on scale L, mark intersection O on A K Hold straight-edge on O and o \Ss (scale 
Z?i* -4- /)•), and re.ul o 16S on scale foi CZV 4- LD* For solving this problem the a p08i> 
tions of the straight-cilge arc shown by lines passing through O 

Fig 59. Diagram for Combining Core and Sludge -tVssays 



Fig 60. Weighting Factors for Calculating Average Assay of Core and Sludge 


Value* of L (lochw)* 
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nations of sp gr of samples besides the above factors. Borehole estimates in 1930 gave 
an aver value of 3.44% Cu for easterly end of Roan Antelope deposit; subsequent pro- 
duction and systematic underground sampling in same area raised aver to 3.52%. 

At Ajo, Morenci, and elsewhere in Southwest U S, assays are usually combined on 

basis of respective dry weights of 

Liod ^ L V core and sludge from a sample run, 

Ig both bemg duectly ascei tamable 

ri, I'llU '2 ! (99-100). 

ILQ-ll [ p ! i ?r .. f i i'? ■ Y- _4 J. M. WeUer describes ( 128 ) a 

Fig 61 method of calculation applied under 

difficult conditions at Round Mt, 
Nev; it involved length of run, length of core, dry wt of both core and sludge, and theoret- 
ical wt of core and sludge corresponding to 100% recovery of each, latter requiring 
determination of density. 

Churn-drill samples (see also Sec 9). With hollow-rod drills, using water for flushing, 
samples are caught as for diamond-drill 

sludge. A sand pump is used with rope eo $ 

drills. The 6 to 10-in bits employed with fe 

Is. 


igl2^30= 




j 

Iron strap' 

1 

■■mi 


SIDE ELEVATION 

Fig 62 Fig 63 

Sludge Splitter, Ray Consol Co 

these drills produce bulky samples. At Miami, in a 5-ft run, a 10-in bit cut about 450 
lb of rock; 7.625-in bit, 260 lb; 6.25-in bit, 180 lb (41). Practice in handling these largo 
amounts of material vanes. Water and thin sludge are sometime.^ wasted, and laigor 
and heavier cuttings saved for assay. This results in a total loss of slime ami serious 
errors in assay, especially when drilling in brittle sulphides. 
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The sand pump may be discharged into a sluice box (Fig 61) built of 1-in surfaced lum- 
ber and set on low horses in front of drill. The partitions are set loosely between strips 
nailed to aides of box, for removal when cleaning up. Sludge is dumped into the 4-ft compt. 
After settling, water is drained off through plug holes in far end of box. Remaining sludge 
and water are swept out through large plug hole into a tub or pails, and dried for assay. 
Good sampling practice for churn-drill work has been developed in the porphyry copper 
districts, wheie the numerous samples taken and necessity for saving chalcocite slime 
make this work difficult. 

At Nevada Consol mine, all sludge and water were poured directly into galvanized- 
iron wash tubs, and dned over a slow fire to avoid roasting the sulphides. A 5-ft sample 
re(iuirod 4 tubs. In other distncts, the sand pump is dumped into a launder containing 
split dividers, built like the Jones riffle sampler (Sec 30), 

L. S. Cates furnishes drawings of a splitter used by Ray f Jonsol Co. It consists of a 
launder (Fig 02), into which the pump is dumped and. which in turn spills into the splitter 
(Fig 0.3). I'lg 04, 65 are drawings of the riffles. At Ray, the last split (about 40 lb) was 
dried for assay. Five tubs were provided for each drill. Samples were taken m 5-ft sec- 
tions. Sampler kept a record and panned sludge from upper portions of hole. When 
specks of mineral appeared, the 4 pievious samples were dried, so that assays of ground 

20 ft above first visiVjle mineral were ob- 
tained and useless assaying and drying 
avoided (42). Similar devices are used in 
other districts, givnng a final sample con- 
taining 0.25 to 0.062.5 of the total cuttings 
in a sample run, depending on number of 
splitters used. 


^th total sludge to diaoard 

Fig 0.5. Rithes of Ray Corusol Sludge Splitter 

At the T^tah Coi’I’er mine, churn-drill hole's down to 1 500 ft are started as large as 
20 lu diam. Sampling is in charge of geological dept, one sampler per shift for each ng. 
Samplo.M cover 5 ft of hole, suction hailei is piefeitcd, and up to 12 Imilmgs have been 
necessary to recover all sludge. Sludge from bailer goes into a laundet, 2 ft sq cross-sec, 
usuall}' 30-50 ft long and set on 0% giade, which leads to the split divider (Fig 66); this 
stands on the liench where the drill is woiking 3'he sludge is cut down to one-eighth 
of its original \ol. Two samples are taken, one dtied at the lig before going to mine 
as-say office, where it is divided, and one j^ortion sent to the nulls for analysis, the other 
analysed at the mine; the other sample is further cut at the rig for a .50-ft composite wet 
sample to lie u.sed in flotation teats. Wt of .samples can be regulated by opening or closing 
the cutter openings. Thi.s ayat<un has proved .satisfactory and is cheaper for installation 
than a tyi>e previously m use; it is also accurate for sampling low-grade copper ores. 

Savannah Goppek (^o, Rurro Mtn district, N M, dried samples m an assay office at a 
distance from drills. If sludge showed visible mineral, it was reduced in splitter to about 
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4 gal; if not, it was cut to 1 gal. Final samples were put into 1-gal milk cans, with tight- 
fitting covers, in which they could be transported in wagons without loss (43). One 
sampler did sampling for 2 drills, kept notes and checked drillers’ measurements of depth. 

At Mascot, Tenn, when churn-drilling in limestone carrying zinc blende, all bailings from each 
3-ft advance are sampled and assayed, specimens of cuttings and their acid-insol residues are 
mounted on cards for compiling records. At Chino, N M, churn-diilling m disseminated copper 
ore, a similar permanent record is made by gluing specimens of cuttings to a strip of board, gradu- 
ated to scale. Bottled specimens are also preserved. 


In all sampling work, sluice boxes, splitters, and tubs must be scrupulously cleaned 
after each sample run, to avoid salting succeeding samples. 



Top View 


Errors in churn-drill samples, 

besides those due to caielcss han- 
dling of sludge on surface, may occur 
as follows’ (a) Caving of walls of 
hole at some point aliovo sample. 
This results in high or low assays, 
depending on whether cave takes 
place 111 rich or bai i on material (b) 
Caving of walls of hole at point where 
sample is Ix'ing taken. If cave is all 
flora a rich streak, sample is false. 
In ore of uniform grade, effect of 



such cav(‘s on accuracy of sample is 
small. Hole should he cased hefoie 
dnliirig ahead, (c) Iniushos o! soft 
material fioin bottom of the hole, 
sometimes filluig it for many feet, 
eiitiiely deotioy accuracy of sanijiles. 
{(1) ContnrniiiatKm of sludge liy 
fiairenoi rich material, lubhed off 
vails of upper part of hole by churn- 
ing action of tools and rope, may 
cause serious eiior, espo<*ially inlow- 
giade oies containing brittle sul- 
phides o» uhoie a difTerence of 0.3^ 
or 0 111 assay decides hn'twccri 

commercial ore and waste, (c) Loss 
of sludge in crovices or \'ugs Sludge 
h)St m this w^ay is apt to eon-^ist of 
fine shine; seriousiiesf^ ol H*sulting 
eiior df'pends on chaTaeler of min- 
eiahzation f’a.ses aie r('p()rted fiom 
iscon^in zinc fudd.s vhcK* eiitiii' 
sludgi* lias been lost in this way and 
a liole in ore lep'orted baiteri { M). 

Above on ors aio often appaient 
Ihrough vide variations m assay of 
adjacent samples, and disej (‘pancies 
betweiai actual and i alculatisl wts of 
shnlge Had r'aving is, of eours<', 
indieat(‘d by drill itself. Remedy 
lies m pr()p(‘r use and liandhng of 
casing. In soft mateiiul, easing can 
be kept elosi* to bottom of hole and 
Hometinu'S be driv'en ahead of bit 
(See 11). In such holes a safe rule is 
to diive easing de(‘p<u before pump- 


Fig 60. Splitting Device for Churn-drill Samples, Utah 
Copper Co 


ing. In haidcr loc.k, practically all 
sources of (uror would l>o elimi- 
nated if the drill hob* were reamed 


after each sample run, and casing driven to bottom of hole before dulling ahead for next 
sample. This procedure is costly and offsets advantage of churn drill in both cheapness 
and speed. Also, for reaming and handling easing in deep holes, a calf wheel is retiuired, 
which' IS not usually pilaced on portable churn drills. An approximation to above pro- 
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cediire is obtained more cheaply by starting hole with a large bit, casing as soon as sludge 
shows mineral, and continuing hole with a smaller bit. When caving is serious, another 
casing pipe is inserted inside the first and drilling is resumed with still smaller tools 
(Art 10-b, Porphyry coppers). In any given district, practice generally represents a 
compromise between cost and absolute accuracy. Pams are taken to get samples accurate 
enough for the purpose; beyond that, cost of reaming and casing is avoided 

Another error in chuin-drill sampling occurs through failure of sludger to pick up all 
cuttings. Experiments have been made to determine loss from this source in placer 
testing A piston (vacuum) pump in good order should be used. I. J. Staulier, while 
drilling in Burro Mtn district, N M, made it a rule to bail not less than 15 times after each 
sample run (43). Fixed rules based on expeiimcnt should prevent error from this source. 
Churning action of tools may produce a concentration of values in sludge m hole. At Ely, 
Nev% it was found that the first bailerful after drilling ahead assayed higher than suc- 
ceeding ones (45). This causes no error if all bailings for any advance of hole are put into 
same sample. In churn-rliill holes, values sometimes drag or apix*ar m sludge obtained 
from points Ixlow ore horizon; caused by dislodgment of mineral from walls of uncased 
holes, oi It may be due to incomplete recovery of sludge by pump. In latter case, serious 
errors may result m interpretation of both thKjkness and aver value of orelxdy. 

Borehole results should be checked by shafts or raises, especially in new districts and 
wheie they are to be used as a basis for calculating tonnage and aver value (see 
Ajo, Alt 10-b). 


9. BORING RECORDS 

Forms are needed for keeping dulling records and costs, and collating sampling and 
geological data for preparing estimate.s of tonnages and grades. The most suitable forma 
and lunouut of detail included deiieiid upon the conditions of each case; following examples 
olTer suggestions Foim m Fig is a diamond-drill tune record for one shift, that m 
l'"ig 6(S covers 21 hr of drilling, with attention to details needed (jointly with assays) for 
compiling a record like that in Fig 73, the data on water recov’ery m P'lg 68 are important 
as indicating degree of reliability of the sludge samples. Form in Fig 69, from Lake 
vSuperior iron district, facilitates calculation of aver grade from assays of core and sludge, 
combined in piopoition to their \\t. Form in Fig 70 applies only to churn drilling, that 
m Fig 71 applies to any kind of dulling. Fig 72 is a combined form for underground 
diamond dulling, entire form is filed at office, and each drill foreman receives duplicate 
of left-hand poition. UocokL hi Fig 71, 74'j are for exploratory hammer drilling (509). 

Punted forms are prcf(*rable to notebooks, as they insure uniform data. In small- 
scale churn-drilling, tlic sampler’s field notes are often recorded in an ordinary surveyor’s 
transit Ixxik The hole i.s drawn to scale on one page, and rock formation, changes m 
gunnid, dcj)ths, waloi -level, (diaiacter of mineralization, and sample numlxrs are entered 
m proiHT position as they are obtained; the following page is used for explanations and 
other detail ddie-se notes are tiansculxd into a similar loose-leaf lx)ok for office use, m 
which as.'jays are al.so recoidc<l Complete detail is essential in interpreting results. 
Bi\sid(*s the above, records .should include, date of starting and finishing hole; total depth; 
location of hole, elevation of collar; time for casing; names of drillers, samplers, and 
helpeis (see also Sec 9). 

Platting boreholes. Drawings of drill holes, showing formations and position and 
assav of on*, an* oft(‘n neces^taiy for intelligent computation of aver values. 


niAMONu i>RXLL TiMis RKi’ORT, Phelp« D^xigc Cotp, Ncw Cornelia Branch 

Hole No .Date .... . . Shift . . 

Depth of hole thin phift. From To \dvance 

'Pime Distribution 

I'roni 

'I'o 

Time in minutes 

Itomarks 

DrilliiiK 

PulliiiK and 
loueniig r<>ds 

Cementing 

Delay.s 


— 






— 



~ ^ 


Totals 




- ; 





Sampler ] 


Fu’^ t>7. Diismeud-driU Time Report (oriKiiial uze, 8.5 by 11 in) 
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DAILY DIAMOND DBILL REPORT, Phclps Dodge Corp, New Comelia Branch 

Hole No Co-Ordinatee Date 

Drill No Siae of Core 

Day Shift, Feet Afternoon Shift, P'eet . . .Graveyard Shift, Feet . . . Total 24 Hours, Feet . . 

Depth of Hole Beginning Depth of Hole 24 Houra Later 


From 

To 

Length Core 

Weight 
of core 

Kind of rock 

Ore minerab 
visible 

Hardness 
of rock 

Number 
of run 

Mea- 

sured 

Com- 

puted 

(f ^ lines) 



























General Remarks 


Water Recovery 

Run 

% Recovery 

(4 lines) 


■ 


Head Sampler 


Fig 68. Daily Diamond-drill Report (onginaJ size, 8.5 by 11 in) 


DRILL HOLE NO 


Location Sec ..T R . . ..State 

Elevation Angle of hole Direction of hole 

Hole starkfi Hole completed Casing j 

Scale — 1 inch =» 50 feet 

Hole drilled by Material classified by . . . 


Material 

U 

Angle of hole ] 

Angle of strata! 

Inches of core | 

Sludge 

("'('re 

ronibined ViiaKsr 


Percentage 


Percentage 


Percentage 

Fe 

PhOR 

Mn 

SiOo 

AI0O3 

Fe 

Phos 

Mn 

S1O2 

AUOj 


Phflfi 

Mn 

M(). 

- 

S 














— 





z 

- 

- 

-- 

- 







— 












— 















- 

— 










— 

i 


— 

— 














— 







Fig 69 Office Record, Diamond-drilling, Lake Supeiior Iron District 


MINING DEPARTMENT, NEVADA CONSOLTD.VTED COPPER COMPVNY 


Prospect Drill Ri-U'Ort No . . 

Hole No Drill No ... 

Shift Date . 


Hoinn 


Drilling 

Baihng 

out 

Casing 

Pulling 

casing 

Fishing 

Moving 

Repairs 

Miscel 

(f hne) 






I 

Depth hole, beginning shift ft 

Depth hole, end shift ft 

Depth dnlled. . . .... . . ft 

Size of casing 
lAmgth of casing 

Sire bit iiserl 

m 

ft 

in 

Sample 

No 

Depth 

Rock 

sample 

Sludge 

color 

Hardness 

Caving 

No 

bailers 

L< sample 
relmhlc 

{S hues) 




i 1 





Ubmarkh 


Describe condition of hole, supplies ne eded, etc 

(,3 lines) 

Depth of water level 
Samples sacked. .... 

Samples drying. . . . 


Driller 

Helper 

S-^mpler 


Fig 7U Daily Churn-drill Repoit (original nze, 4 .6 by 7 i.'j 
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Hole No DAILY DRILL REPORT CoJOm e 


Shift Rotaiy No Chum No , 



O. K. — Foreflua O* K Sain]p1er 


Fir 71 Report Apphcahle to Boring lu General (size 8 5 bv 11 in ) 



Fig 72. Report on Uniieigiound Dmmond Drilling, Butte, Mont 


Athona Mines (688) employed dinmoml drill at Lake Athabaskn, Canada, in 1935, for systematic 
exploration of narrow quart* veins in sheared eones carrying erratic free gold; core recovery usually 
neariv complete. V’ert. trace of each hole was platted, at 1 in ’=* 50 ft, on separate 11 by 16-in sheet 
of pure while, muslin-backiMl paper, using .Tnpanesc transparent water colors for tinting. Stan- 
dardised system of over 200 symbols was adopted fi'r these and related drawings. Plat included 
contacta, faults, intersections of dikes, interpretation of structures, and assays of core and sludge; 
also a legend stating; bearing, length, and dip of hole, coordinates and elev of its collar, and length 
of c&aing. 
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PHELPS DODGE CORP, NEW CORNELIA 

(Coordinates: N 6084.87, E 3964.93. Elev 
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BRANCH, Diamond Drill Hole No 191 

at collar, 1794.04; at bottom, 1374.04) 


Analyeifl 


Composite sample 


Ag 

Oz/T\ 


Au 

Oz/T 


% 

isio,! 


% 

iAiaOjI 


CaO 


1 1 

0 osslo 0075,64 8 3 41 J6 Oj 3 3 


0 30 


Core 


In- 

ches 

Run 


In- 

ehesj 

ICoiel 


! 58 

97' 36 

I I 

' i 60 

' j 

' i 60 
i97 48 
' 60 
, 60 
’ ' 60 
' ' 36 

' 36 


0 06U) 01 5 c4 n 4 15 2 3 1 0 41 


0 080|0 015 163 613 6; ! 5 6 


0 030| 


0 005 160 4 3 7 


15 0 


3 0 


% 

Re- 

cov- 

ery 


25 0 


Description 
of Rock 

Date 



Mon- Chaleo- Bor- 
zonite pyrite nite 

10-12-36 

1 

10-13-36 

10-14-36 


43 6; 
84 

40 


35 0 
60 5 


67 2| 
19 4i 

30 0) 

I 

10 Oi 
52 li 
33 3 
33 3' 
66 7 
38 9' 
30 6' 
! 

83 3, 
37 5 


iI0-1^3d 


Remarks 


cemented 


Cemented 


iCemented r 


jHole cased 
38' 

ICemented 

38'-48'-2" 


10-16-36^' 


1 10- 17-361 


,10-18-36 


i 


60 

33 

55 0 

i ! 

1 



58 

7 

12 1 

.. .. .. 

98 

70 

18 

23 7 

“ 

10-19-36 




60 

35 

58 31 





60 

43 

71 7 

.. 





60 

51 

85 0 

’’ 





60 

28 

46 7 

1. .. .. 1 



98 

48 

34 

70 81 ” 

10-20-36 


38 


60 

39 

65 o; 





60* 

32 

53 3 






60 

30 

30 0 

.. .• 





48 

24 

50 0 

.. 



i” 


32 

100 0 







64 

19 

29 6 

M 





60~ 

37 

61.7 

“ Andesite 





36 

6 

16 7 

.. 




99 

60 

40 

66 7 


10-21-36 




60 

25 

41 7 

1 




60 

10 

16 7 

.. u .. . 


5(^ 


60 

28 

46 7 

.. .. .. 1 



. 

60 

42 

70 0 




97 

49 

28 

57 1 

1 



Hole in Porphyry Copper Dcpo'sit; total depth, 420 ft 
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Hole No. 


Location . 
Level:. . . 
Course:. 


ENGINEERING DATA 

Prospect Drill Hole Record 


.Mine 


Block: ; ..Ft.. 

; Pitch: ; Depth; 


of 1*“ No 
Post 


. Elev of Collar . 


Sample 

No 


Oz 

Au 


Oz 

Ag 


% 

Pb 


% 

Cu 


% 

Zu 


% 

Insol 


Formation, etc 


{6 lines) 


Remarks:. . . . 
Showing followed. 


Hole suggested 


. Result 


19 


By 


Fig 74. Form Used at Chief Consol Mine 
This and Fig 74a are printed on opposite sides of a 5 by 8-in card (509) 


Hole No 

OPERATING DATA 


. ... Mine 


Prospect Drill Hole Record 


Date Started: 

Date Finished: 



Total Depth: 

No Machine Shifts: 
Adv per Mach Shift: 

Ft. Values? Followed Up? 

No Man Shifts ... . 

Helper* 

Total Labor Cost $ 

Labor Cost per Ft $ , 


Average Cost per Man Shift. $. . 



Remarks: (10 lines) 





Record Complete 

19 By. 


Fig 74a 

Form Used at Chief Consol Mine (see note under title of Fig 74) 



Cleveland-Cliffs Iron Co plats all boreholes on a loose-leaf form of tracing cloth, size 1 1 by 14 in, 
on a scale of 1 in » 50 ft (36) Fig 75 shows a scale plat of part of a dianiond-drill hole near Scran- 
ton, Penn, col 1 is a classification of strata drilled, col 2 gives continuous measurements from the 


Surface Elev 669.5 


Wash 

1 

Sandstone 25^6” 5 6" 

Top Split No 1 Seam in 0"2 o" 

1 

Slat* iTs" 

Bot Spill No 1 3eain36 7 

Sandstone 65^8* 19 V 

No 2 Seam 57 'l l" 2 '5'^ 


Maroj or No 3 Seam 78^7*10^1*^ 


Sandstone lOc!?* 33^0* 


Sandstone 123^^6 "16 ^10** _ 


Olaxk 130 0" C'7" 

m 


■f 539.5 


Fig 75 


surface; col 3 shows thickness of each stratum. These drawings are generally made to scale of 
1 in “ 20 ft; smaller scales will not show details of coal scams (47). Fig 76 is a form used at Utah 
Copper mine, Bingham (119) for collating the geologic, mineralogic, and assay data secured at each 
hole, also indicating the lengths and positions of segments of casing not withdrawn. If boreholes 
are surveyed (Sec 9) deviations are shown on plats. 
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Core boxes for preserring diamond-drill cores are usually open traya, 5 to 6 ft long, 
2 to 4 in deep, and wide enough to take 6 or 6 rows of core; longitudinal partitions divide 
the box into grooves i/ic or i/g in wider than diam of core. Boxes have 1-in sides and 
bottom, with 0.5-in slats for partitions. A tray when filled should not be too heavy for 


CHURN DRILL HOLE No. 134 


CnPlnc Left 
in Hole 

Casing 

IlocorU 

Adopted 

Assays 

cu 

Charactci 

of 

Material 

Geneial Remarks 
and 

Minerals 

2.iCaiting 70 wfth *ho« 
2{)' •< 100'*‘ •* 

Ifts" " 323' •* •• 

“ 130' •• •• 

200 

T' 

bI 

1 

r’ 

■ 1 » » 

1 1 1 

1 1 1 

111 

1 ! 1 

Elev 

0 a 

'6698 

3 If 

Sllic Porph 

Slllc Porph 

Snic Porph 

8-14-28. SpucUlod m 23"bit 

Pyrlta chalcopyrite, chalcocite, corelllto, 
bornlta, molybdaitita 

Chalcopyrite, pyrite, chalcocite, corellita, 
feomiie, molybdenite 

Chaleop 3 rrlto, pyrite, bomite, chalcocite 

too 


"1 

L 

1 

Elav ^ 

-0393. 

sole Porph 

covellite, molybdenite 

Chalcopyrite, pyrite, chalcocite, bomite, 

CorelHte, molybdenite 

(lOO 

1 

1 


6i 

Sole Porph 

Chalcopyrite, pyrite, chalcocHe, molybdenite 
bornitc, covellite. 

soO 

1 1 1 
!|> 

! i 
iii 



dray Porph 

Chalcopyrite, chalcocite, pyrite, corelllte, 
hemite, molybdenite 

1000 

“ '! 
11 

4ij 



Dark Porph 

Chalcopjrrfte, chalcocite, pyrite, covellite, 
bornlte, molybdenite 

1200 

i!| 

oil 
*"1 1 

1 

0 * 

Elav:^ 

0. 

Flev H 

i r>$78 

t r>M3 

Limeatona 

Dark Porph 

Altered, chalcorite, chalcopyrite, pyTite, 
covellite, bornlte, molybdenite 

Chalcopyrite, chalcocite, pyrite, covellite, bomite, 
molybdenite 

itoo 

■ 

0. 

F.lav ^ 
O.l 

0. 

t-^46g 

1** 

i&i23 

L 

Umaiitona 
Mix«d aona 
of 0nMiat4}n« 
and porphyry 
Dark Porph 

Black, larflte amount* of chalcocite In Ifmeetont', 
in porphyry primary mineiala only, cnietly 
cbalcopyrite, bomite, pyrite, nnuaual amount of 
bornlte 

In llmoetrne, chalcopyrite, chalcocite, covellite 



ISSS 

IHi 

liyyi 

In porphyry, chalcopyrite, bomite, pyrite, molybdenlt# 
2-I0-29-Hole completed-Depth 1475' 


Fig 76. Condensed Churn-drill Ix)g 


one man to handle. Box shown in Fig 77, as used by E. J. Longyear Co, is made of 
28-gago galv iron and holds 20 ft of EX (^/g-in) core; a sliding cover (not shown) permits 
box to bo shipped without disarranging its contents. 

If much drilling is to be done, cases should be built into which core boxes slide like 
drawers. Fig 78 shows wooden core box for this purpose; corners are mortised, slats and 
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bottom are nailed in place. It is advisable to mark by an arrow the direction in which 
core is laid in box; also depths at end of each row. Lost core may be represented by 
pieces of wood, on which length and character of missing material can be noted (36). 



Fig 77. Galvanized-iron Core Box 


For storing large amounts of core so that they will be easily accessible for observation, 
narrow shelves or trays may be supported at intervals of 1.5 m on the sides of A-shapod 
frames (48). A piece of corrugated sheet iron makes an exeellont table on which to lay 



out core for inspection. A common form of core siditter, obtainable from diamond-drill 
makers, is shown in Fig 79. 


10. EXAMPLES OF BORING AND SAMPLING PRACTICE 

a. Shallow Work with Auger or Drivepipe 

Mayarf and Moa districts, Cuba, contain residual brown iron ores, up to 80 ft thick; 
average 18 to 20 ft. The orebodies have enormous lateral area, in Moa, they are nearly 
continuous for more than 70 sq miles. There is no overburden, but surface is covered 
with a heavy growth of timber and underbrush. Oie is clayey and standN a long tune 
in boreholes without caving. S. J. Cox (.53) and D. E. Wood bridge (54) gave following data 
in 1911. Earth augers, used for exploration, were made from ordinary 2-in carpenter’s 
augers with jointed rods (Sec 9). At Mayarf, first Ixirings were on corners of 100-ft 
squares. Ore is remarkably homogeneous, and interval between holes was successively 
increased to 300, 600, and finally 1 000 ft. “ Results were checked by borings 25 and 50 ft 
apart on 4 limited areas, widely separated and each representing several million tons.** 
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Subsequent mining has confirmed the values calculated from boreholes. In the Moa 
district, 1 000 ft was the usual distance between holes, though some drilling was done at 
greater and smaller intervals. About 900 holes were drilled in an area of 8 100 hectares 
(1 hole per 22 acres) by the Spanish American Iron Co, 1906. Work was checked and con- 
firmed in 1910 with a new set of borings made by an independent engineer. Two men on 
an auger put down 10 to 13 holes per day; aver depth, 20 ft. Drillers were paid 1.5 to 
2 ^ per ft of hole for the first 10 ft. A water boy and sampler were provided for each crew. 
Occasional test pits were made to allow close study of the ore. Where holes were sampled 



in sections, cuttings fioni a 5- or G>ft length were saved as a sample. Where sectional 
sampU'.s \Mue not t.aken, auger cuttings \m‘ic i>iled on a cloth, coned and (piartered down. 

Tennessee zinc and barite. Kesnlual d(‘po.sits of haute and calamine are overlain 
by flay and soil iroin a few feet to 100 ft deep (58). 

In 1909, Newinaiket Zinc Co explored a tiaet of alxml 1 1 aines containing a deposit of 
zinc carbonate and silicate in tough residual clay, 10 to 75 ft deep t)ie occurs near bed 
lock Post-hole diggeis (Sec 9) were used for holes at intervals of 50 to 100 ft. Dirt 
was ashed an<i ed. 'bwo men boied 20 -40 ft per day. rhis .smiple method gives aeeu- 
rato saniple.s in dry elay, whieh w ill stiek on the digger and stand in hole ithout caving (59), 

Yellow Aster mine, Ihindshurg, Cnl, in 10:t4 s.Hinpled 2 300 000 tons impounded nninlgnmation- 
null tailings, to ivaoertain suitability for cyanidation (31). Holes were at comers of 2(X)-ft squares. 
I’osf-hole augers proved unsatisfactory. Dulling done by hand Mith 2-m ship augers, using 3 / 4 -in 
pipe m 5-, 20-, and 30-ft sections, for turning and lifting with aid of light inpod and tackle. Only 
CRsing used coinpused short pieces at collars of holes, to support lod clamps while lifting and lower- 
ing. Total depth for 97 holes, 2 950 ft, aver, 30 ft. some, over 100 ft. Two crews, of 2 or 3 men 
each, took 45 days for the work. E.aeh hole was sampled and a.ssayed m .5-ft sections; composite 
sample representing each hole wa.«i required to check calculated aver to within 8^ per ton. 

Florida pebble phosphate fields. Phosphatio concretions rarely exceeding 0.5-in diam occur in 
sandy clay in horiz beds to 24 ft thick, overlain by 3.5-100 ft of barren sand and clay mixtures, with 
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sotioee thiA s^ams of liardpan; muck and quicksand also occur. Cosimxssczal pbacticb, described 
by C. A. Fulton (148) m 1935, usually calls for 16 holes on a 40-acre tract. Vert 4.5-in holes are 
sunk with hand augers to bottom of matrix bed, at about 6 ft per hr; cost, 30fl per ft. All cuttings 
in matrix are recovered, weighed, and sampled. Complete record of each hole includes: (a) 
depth of overburden; (6) depth of matrix, (c) tonnage (long tons per acre, dry basis) of pebble 
coarser than 14-mesh; (d) corresponding tonnage of phosphate finer than 14-mesh (not considered 
in former years, but now recovered by flotation); te) assay of each size of product for Ca3(P04)2, 
Fe208 + AI2O3, and insolubles. From above data, calculation gives cu yd of overburden and of 
matrix per ton of recoverable phosphate, and total tonnages, by grades, of phosphate in the tract. 
Work by U S Geol Surv in 1936, for purpose of classification only, demanded fewer holes than 
commercial valuation, only 1 to 3 or 4 per 49 acres (149), these were drilled by hand with 4-m earth 
auger, inside a casing of extra-heavy 4.5-in steel pipe (.4 25 in inside diam),with screwed joints flush 
outside. Bottom end of casing was notched, points of teeth being spread to excavate a section of 
5-in diam. Casing was sunk by twisting under wt of 2 drillers operating auger from platform at 
top, bottom of casing was always (while m phosphate bed) ahead of auger. Depth of lU) ft was 
thus reached. All phosphatic material from a hole was collected, drained of its loose water, and 
weighed, still averaging 33% moisture. It was then washed in a box having a bottom of sheet 
steel punched w'lth 0 5 by l/32-m slots, all remaining on screen was called "pebble,” weighed aftei 
drying, and calculated as a percentage of damp wt of original material, or "crude ” Aver wt per 
cu ft of undned crude was also ascertained, usually about 125 lb. Pebble contents, long tons per 
acre, was computed from measured thickness of bed. Cost of such wide-spaced sampling estimated 
at $8-$10 per acre. 

Tennessee brown phosphate (338). For geological occurrence, see Art 97. Earth augers and 
post-hole diggers are used. For preliminary examination, holes are at corners of 500-ft squares, 
but 50-ft spacing may be adopted for delimiting a deposit before mining begins Phosphatic matrix 
can be recognized, and its value roughly estimated by visual inspection, but samples aie taken 
systematically, washed free from clay, and analyzed. Aver matrix weighs 90 lb per cu ft m place. 
For prospecting a tract near Franklin, Tenn, the T V A let contracts for auger liole^s at base price 
of $1 15 each, for depths to 10 ft, plus 20^^ per ft to 20 ft, plus jier ft to 30 ft (30-ft hole thus cost- 
ing $6 65), plus 60i per ft to greater depths Contractors supplied all equipment except augers, 
and transported samples 40-50 miles to laboratory From 1936 through 1938, cost to T \ A for 
this prospecting, mainly by holes at corners of 200-ft squares, averaged $5 per acre 

Atolia-Rand gold-scheelite alluvial deposits, near Atolia, Cal, weio systematioally 
explored by boring in 1935. Large samples wore taken and concentrated in a pilot mill 
on the property (32). Deposit, 15-65 ft deep, consisted almost wholly of angular gravel 
to 2-in diam, in which gold (partly fiee and partly included in (piaitz fragmeiitn) and 
scheelite were erratically distributed both vertically and laterally; present topography 
gave almost no indication as to bed-rock contours. Eailiest holes were spai'cil 275 ft in 
rows 400 ft apart, but, as most promising aieas came into view, holes were spai'cd 50 It in 
rows 150 ft apart; holes in adjacent row’s were staggered Two ” California cesspool 
diggers,” a large pod auger, mounted on 3-ton truck and rotated by the truck motor, 
w'eie employed, for latter half of the time on 2 8-hr shifts each, lequiiing per dnll-shift 1 
driller, 1 helper, 1 laborer, 1 driver of truck conveying sample. No casing was necessary. 
Holes averaged 28-in diam, but dimensions coricsponding to each sample were accuiately 
measuied; a level truckload (1.5-ton tnick) was taken as standard sample, coi rrsponding 
to about 0.5 cu yd of gravel per yd of depth. Cemented gravel, which could not Ik* 
handled by the auger, was loosened with a 3 000-lb 24-jn chopping Int, or a 2-in hole was 
drilled 2 ft deep at center of pit and fired with a light dynamite charge. Plow' -steel <nitt,ing 
edges of auger were removable for sharpening; 2 sets usually needed per dnll-vshift. 
Performance over the whole period (1 drill 1 shift from June 14, 1 drill 2 shifts in July and 
Aug; 2 drills 2 shifts from Aug 28 to Nov 9) was as follows; total holes, 1 239; total 
depth, 16 705 ft; total samples, 2 495; total (place) vol of samples, 2 640 cu yd; payment 
to boring contractor, $0,986 per ft, not including eiirveying or testing samples. Aver 
performance during 2 mos, when both dulls worked 2 shifts every day (61 days) was: 
holes per drill-shift, 1.95; depth of hole, ft, 19.4; depth per drill-shift, 37.95 ft; samples 
per drill-shift, 5.3; vol of sample, cu yd, 1.12; cu yd per drill-shift, 5.9; depth per sample, 
ft, 7.1; depth per cu yd, ft, 6.4; deepest hole, ft, 67. For details of concentrating samples, 
see Bib (32) . 

“Con-Tractor” drill, described by W. A. Van der Hoff (46), has lieen satisfactory m 
Sumatra for testing wet alluvials containing numerous fi-8-in pebbles, to depths of 28-30 ft. 
Drill comprises 24-in pipe or casing, turned by a clamped apur-nng actuated by worm at 
end of a universal-join ted shaft driven from a Fordson tractor, on which entire ecpiipraent 
is mounted. A toothed cutting shoe aids in displacing large pebbles. Total wt of outfit, 
about 6 tons; it consumes about 2 gal of kerosene per hr. Water remains in the hole. 
Gravel is excavated by 2 modified orange-peel buckets, one for coarse pebbles and bits of 
timber, and one for finer gravel; a third type is used for scraping bed-rock; all operated 
by winch and cable running over a pulley at top of a gin pole. Testa showed very high 
fecovety of theoretical core. 
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Chip samples of buried outcrop suspected under as much as 100 ft of overburden have 
been obtained by a method described by J. Belknap (117). A 3-in pipe in 5-ft lengths 
was first sunk to bedrock by combined pile-<iriving and wash-boring, and seated firmly, 
using plaster pans for sealing, if necessary. Sampling bit (Fig 80) was a hollow cylinder e, 
4.6 in long, 1 in outside diam, with 4 triangular teeth at 
bottom, diverging slightly, and surrounding a central hole 
/ tapering upward, which acted as a trap to hold chips. 

Upper end of bit was screwed to bottom of a string of 
3/8-in pipe c, by which it was raised and lowered, and 
supplied with a gentle stiearn of water from hand pump. 

Impact was applied through another string of 1-m pipe b 
outside of the ^/g-in, churned by hand from surface, and 
striking on washers d protecting top of bit; latter could 
be turned, but was not lifted off bottom until choked with 
sample. 

Drive pipes, without Ixiring or pumping, were used 
for testing a 14-mile stietch of alluvium, averaging 200 
ft wide, along Hock Creek, Atlantic City, Wyo, in 19.32 
(118). Gravel, under 3 ft of barren loam, was 9-12 ft (aver 
10 ft) deep. It contained relatively few boulders, none over 
18-in diam, of gravel later dug and washed, 05% was finer 
than 0.75-in. Decomposed bed rock was 2-5 ft deep and 
most of the gold (small and rounded) was within lower 0 
m of gravel. First line of holes, spaced 150-300 ft, followed 
center line of channel. On other row's actoss channel, 

0 5 mile apart, spacing was 20-00 ft, depending on sur- 
face indications. Holes averaged 14 ft deep and w'ere 
diiven through the decomposed bed rock. Pipe or casing, 

4-in diam, wuth cutting shoe of slightly less inside diam 
to aid in holding core, w’lis driven to refusal by 275-lb 
hammer operated by a winch driven by a Chevrolet engine 
on skids and dragged by its own power. Outfit cost $300. 

Casing was pulled by trijxid and tackle (4- and S-sheave 
pulleys), assisted by jacks when necessary, buraplo was 
removed (by special spoon) and panned in 6-in sections. 

Crew of 3 men sunk 140 holes iii 2.5 mos at cost of $2 000, 
or $1.12 per ft; 4 holes were stopped by boulders, but 
were successfully rednveii alongside. At 46 aver holes, 4 
by 6-ft shafts were sunk, washing all the gravel in sluico-lxixes. Aver values per cu yd 
(^ $20 67 gold) ; 19^ fiom holes, 21.8^ from shafts; 2,^ from subsequent treatment of 
740 000 cu yd along 2 miles of channel. When pipe-sampling, colors worth more than 
1^ each were not included m valuation. 



Q, 

h, 


3'caslnsr pipe. 

F' hammer pipe, 

C, stem pipe. 
d, 2 washers. 

€, sampling bit. 

Fig 80. Chip-sampling Bit 


b. Deep Boring in Rock 

Porphyry coppers. These orebodics aie large, low'-grade deposits of copper minerals 
(usually chalcocito), disseminated in altered and shatteied monzonite po^phyrJ^ granite, 
or schist. They liave large honz dimeiisioua and are overlain by leached zones (capping) 
varying in thickness from 0 to 600 or 700 ft. Attention was first draw n to some of these 
deposits by fav'orablo surface indications; others w'ere discovered while working higher- 
grade deposits in their vicinity. Ores range from 0.6^o to 3% Cu; low’er limit is now a 
commercial one. Boring practick id diffeient distiicts varies only iii minor details. 
Holes aio frccpiently biirtxl on corners of 100 to 400-ft squares; most often, 200 ft; some 
w'ork has liecn done with holes placed at corners of equal equilateral triangles; see Utah 
Copper mine, below'. Drill-hole results are checked at intervals by test pits, raises or 
w'inzes, and by drifts run on coordinate linos to show' variation in copper content between 
holes. Table 7 shows work done by mmiQ of the porpliyry coppei mines during early 
stages of their development, and the relative amounts of boring and uiidei ground w'ork 
done before actual production l>egan. An indetermmato part of the foot ages given for 
underground work at Miami, Ray, and Inspiration represents development work pre- 
paratory to raining; figures for .Vjo cover exploration w'ork alone. For details of churn- 
drilling practice on the porphyry coppers, see Sec 9. For churn-drill sampling practioe* 
see Art 8. 

Chile Exploration Co, Chuquicamata, Chile. P. Yeatroan and E, S. Berry furnish fol- 
lowing data on drilling from beginning of work. April, 1912, to Oct, 1914: High cost waa 
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Table 7. Porphyry Copper Mines, Early Development and Boring 



Company 

Area 

devel- 

oped, 

acres 

Under- 

ground 

work, 

ft 

Aver 

thickness 

of 

capping, 

ft 

Aver 
thickness 
of ore, 
ft 

Tons 
ore per 

acre 

Total 
ft of 
drilling 

Depth 
of drill 
holes, 
ft 

Date ^ 

a 

Miami Copper Co 

43 

73 388 

200 


418 600 

19 200 

600 aver 

1911 

h 

Inspiration Cop Co 

40 

27 526 

368 

"167“ 

543 000 

45 433 


1911 

c 

Ray Consol Cop Co 

105 

44 753* 

242 

113 5 

395 200 

90 000 

200-970 

1910 

d 

Ajo Cop’r Co, Ariz 

55 

5 610 

t 

50-600 

727 000 

23 097 

275 aver 

1913 


J. P. Channing, E <fc M Jour, May 27, 1011, and “Copper Handbook,’' 1910-11. 

Annual report, E <Sc M Jour, Apr 1, 1911. 

2nd Ann Kept Ray Cons Co, and Edwin Higgins, E & M Jour, Apr 23, 1910. 

(d) New Cornelia Branch, Phelps Dodge Corp. Data from Ira B. Joralemon, Trans A I M E, 
Vol 49, p 593. 

♦ Sep 1, 1910. In Jan, 1910, about 700 ft of raising had been done alongside of drill holes (62). 
t Instead of barren capping, this deposit was overlain by low-grade carbonate ores, 20 to 150 ft 
thick. 


due to extraordinary expenses and troubles incident to starting work in a remote region. 
At first there were numerous small difficulties in getting fuel to drills; water had to be 
hauled 2 miles by mule team to an elevation of 1 000 ft, while pumps and pipe lines were 
being installed. Delays during first 6 months’ operation, due to late delivery of repair 
parts from U S, caused shutting down of some drills for weeks at a time, while wages of 
drillers and helpers continued. 11 holes were over 1 000 ft deep; many were between 
600 and 1 000 ft. 8 churn drills were purchased, costing, with necessary repair parts, 
delivered on property, about $67 000, or $1.47 per ft of hole drilled. 

New Cornelia mine, Phelps Dodge Corp, Ajo, Ariz. Diamond drills exclusively were 
used for initial exploration by Ajo Copper Co m 1911-1913. Greenway and Joralemon 
furnish following (27) : When work was started, it was decided to drill 1 500 ft of hole on 
most favorable showings. Diamond drilling could be contracted at $4.75 per ft; no 
churn-drill contractors were available. The limited time required operation of 2 drills. 
Cost of buying 2 churn drills was $8 000; cost of churn drilling was estimated as $3 per ft. 
Assuming sampling costs equal for both drills, and allowing nothing for 2 churn-drill 
outfits at expiration of work, diamond drilling would save $5 375 on 1 500 ft of hole. 
These factors led to choice of diamond drills. They gave accurate samples, and the 
results warranted further exploration. To secure uniform sampling data, work was con- 
tinued with diamond drills at contract price of $6 per ft. Extremely rough topography 
and consequent difficult construction of drill roads, also influenced choice of drills. 

Holes were drilled on corners of 20()-ft squares; company men did the sampling. A low 
percentage of core was recovered, because of fractured nature of rock. Drill holes were 
sampled in 5-ft sections. AJl sludge was caught in bairels (4 or 5 at each hole) and settled, 
water decanted, and sludge dried and quartered to 3 or 4 lb. Small samples of core and 
sludge from each 5-ft section were kept for reference. Sludge and core assays wore com- 
bined on basis of respective dry wts of material recovered. Shafts, 4 by 0 ft, aver depth 
60 ft, were sunk to check drill-hole results. Sinking was done by hand drilling, hoisting 
by windlass, with Mex and Indian labor, usually under contract; to 50-ft depth, a shaft 
could be sunk more cheaply than a diamond-drill hole. Muck was sampled as shafts 
were sunk; later, groove samples were cut on all 4 sides of each shaft. A little drifting 
was done on coordinate lines, to show variation in copper content between adjacent holes, 
and some raises were put up on drill holes from drifts. Two years were spent in doing 
the following work: 84 diamond-drill holes, 200 to 1 OCK) ft deep, total, 23 176.0 ft; 
1 059 ft of shafts for checking drill holes in carbonate ore; 175 ft shafts for checking drill 
holes in sulphide ores; 2 721 ft shafts in advance of drilling; 1 513 ft drifting in sulphide 
ores; 142 ft raises. Calculations based on this work showed about 40 000 000 tons ore. 
Shaft samples in carbonate ore averaged 0,005% lower than corresponding drill-hole 
samples; shaft and raise samples in sulphide ore averaged 0.05% lower than drill-hole 
samples, and drifts in sulphide ore averaged 0.26% higher than values indicated by drill 
holes at corners of blocks. Table 8 gives cost of drilling, based on 17 310 ft of hole, and 
cost of sinking 4 000 ft of shaft; superintendence, office and engineering expense are not 
included. For further details of diamond drilling prior to 1932, see Bib (100). 

Recent work at Ajo has not varied greatly from that in the early development. No 
diamond drilling has been done since Sep, 1937, to which time 270 holes totalling 141 300 ft 
had been drilled. Aver depth, 523 ft; deepest, 2 200 ft. Aver core recovery from 231 
holes was 49.8%; max from any hole, 78.4%; min, 8.3%. In 1937, cost of 10 562 ft of 
drilling' was; contract price, $3.42; supplies, $0.07; sampling and eng’g, $0.80; total, 
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Table 8. Coat of Early Work at Ajo Copper Mine, Ariz 

(Now the New Cornelia Mine, Phelps Dodge Corp) 


Diamond drilling 

Cost per ft 

Shaft sinking 

Cost per ft 

Contract price 

$6.00 

Labor 

$ 4.9653 

Supplies 

0.0174 

Supplies .... 

1.1877 

Miscellaneous 

0 0379 

Blacksmith and carpenter shops. 

0.4042 

Samphng 

0 3422 

Miscellaneous 

0.0797 

Assaying 

0 1370 

Sampling 

1.1930 

Total 

$6 5345 

Channel sampling 

2 2860 



Total . , 

$10 1159* 


* Aver depth, 50; max, 125 ft. Last few ft of shafts, 125 ft deep, cost over $30 per ft. 


$4.29 per ft. Recently a few holes were drilled with one of the churn drills regularly 
used for blast-hole drilling, but equipped to handle 1 200 ft of cable. These drills are 
electric powered, mounted on caterpillars, and self-propelled. Total wt of tools, including 
500-lb bit, 2 535 lb. Bits are 9-in diam, drilling a 10-in hole. Holes are cased only at the 
collar, with one 24-ft length of 10-in casing. In 5 holes averaging 649 ft in depth (max, 
775 ft), an aver of 21.6 ft was drilled per 8 hr, or 5.6 ft for each bit change. Excluding 
supervision and overhead, cost of churn drilling has averaged $1.33 per ft as follows: 
operating labor (a) $0.46; bits (5) $0.43, power, water, casing, $0.21; transportation 
(c) $0.04, maintenance, $0.10; sampling, $0.09. Total, $1..33. (a) Driller and 1 helper. 

(5) Bits sharpened mechanically; av'er cost per sharpening, $2.41, incl steel loss, (c) Drill 
serviced once each shift by a truck havung power hoist for handling bits, with driver 
and 2 helpers. 

Chino mines, Santa Rita, N M. Data from H. A. Thorne (63) in 1931. Orebody is 
roughly elliptical, about 13 500 ft in perimeter and at least 600 ft deep at center. A core 
of porphyry is surrounded by sedimentaries, both greatly altered and contaimng dissemi- 
nated sulphide and oxidized copper min- 
erals; aver grade of open-cut orebody 
was estimated in 1930 at 1 27% Cu. 

Leached capping varies from nothing to 
150 ft thick. Earliest holes were bored 
with steam-driven churn drills, at 
corners of 100-ft squares, later mcreaseil 
to 200 ft; subsequent holes, averaging 
900 ft deep, by gasolene-powered drills, 
starting usually at 13 in; casing usihI 
whenever caving occurs, but always 
upon entering or leaving an ore zone; 
bits sometimes as small as 3-in. Sludge 
is bailed at 5-ft intervals and split on 
riffles into 4 samples for mine, mill, 
engineers, and reserve. Table 9 gives 
records of 2 holes, one drilled by steam 
and one by gasolene power; for each, 
total labor cost about $23 per shift. 

Utah Copper mine, Bingham, Utah. For geological data, see Art 96. Prior to acquisi- 
tion of the property by Utah Copper Co and its exploitation by open-cut methods, the 
margins and upper parts of orebody had l>een explored by many miles of underground 
work (Fig HI) (119). The Co continued exploration by Ixiring, mainly with chum drills. 
A few diamond-drill holes were found unsatisfactory, due to wide disci epancies between 
core and sludge assays in this ground. Earlier churiwlrilling to over 2 000-ft depth was 
done with oil-well rigs with 75- to 80-ft frame derrick. For recent work, a modified Star 
rig with 80-ft steel derrick is used, operated electrically. Most holes are drilled from 
benches in the open cut, starting in ground loosened by blasting. Because of this and the 
depth, holes are begun at 26 in, with stov^o-pipo casing to SO or 100 ft; 23-m casing follows, 
with smaller sizes, ev'cn down to 4-m, as retjuired. A max of 50 ft of uncased hole is allowed. 
Holes are roughly at corners of equilateral triangles, and spaced at about 400 ft, except on 
nearmg limits of orebody, where spacing is 200 ft. For sampling, in charge of a sampler 
at each rig, see Art 8. Coat of earlier holes was about $20 {lor ft. Recent (1938) work is 
done on contract at 50^ per ft, the company furnishing all equipment and casing. Aver 
cost of five 1 000-ft holes, $12.43 per ft, incl sampling. Early drilling rate, 4 ft per day; 
present rate, 12.7 ft from spudding-in to completion. 


Table 9. Churn Drilling at Chino Mines 



Steam 

Gasolene 

Depth, ft 

945 

965 

Shifts moving and setting up 

7 

3 66 

“ drilling 

102 08 

76 42 

“ casing 

2.92 

2 92 

'* total . . . 

112 

83 

.Vver ft per shift, total time. . . 

8 44 

W 62 

“ “ “ " drilling 

9.25 

12 62 

Cost per ft: 



Labor moving and setting up 

$0 168 

$0 088 

“ drilling 

2 463 

1 828 

“ casing 

0 070 

0 070 

Fuel 

0 446 

0 229 

Supplies . . . . 

0 071 

0 044 

Samphng and assaying 

0 503 

0 487 


$3 721 

$2 746 
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Northern Rhodesia* Data from Matson and Wallis (126). The bedded, dissemi- 
nated copper sulphide ores were first explored by churn drilling, which failed to give 



Fig 81. Churn-drill and Other Development, Utah Copper Mine 


adequate information as to geological structure and was replaced by core drilling (diamond 
and shot). Spacinga up to 1 000 or even 2 000 ft were considered satisfactory in the early 

work, duo to persistence 



of the ore strata. Close 
attention was given to 
insuring complete return 
of water, as this was be- 
lieved to determine reli- 
ability of sludge assays 
better than calculations 
of theoretical volume of 
sludge recoverable; if mea- 
sured flows of descending 
and rising water failed to 
agree within 1%, the hole 
was cased or cemented be- 
fore proceeding. At end 
of a run, not exceeding 4 
ft, drill was stopped, pump 
run at full speed, and 
washing continued (some- 
times 45 min or more) 
until overflow carried no 
sediment; flow was some- 
times reversed for quicker 


return of sludge. Entire 



Fig 82. Catching Drill Sludge, Nor Rhodesia. (Sump used only 
when insufficient fall for natural drainage) 


overflow was led by 20-ft 
swinging launder consecu- 
tively to one of 10 or more 
semi-cylindrical, galvan- 
iaed-iron tubs, 9 ft long 
by 3 ft wide, each sup- 
ported in a wooden frame, 
and standing in a semi- 
circular row (Fig 82). 
Tanks had inside rocker 
pipes (Fig 83) for decant- 
ing water after sludge had 


settled; sludge was discharged into a smaller tub by unscrewing the pipe inside, dried, 
weighed, crushed through 30-me8h, and quartered to two 4-lb samples. Shot-drill 
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Bkidge, iucluding that from the calyx, was crushed until nearly all material except iron 
would pass GO-mesb, coarse iron was extracted by magnet, and weighed; that in the 
fines was deteinuned by analysis, and deducted by calculation. Core was weighed dry 
and m water, for its sp gr; also measured as to length and diam for calculating sludge 
recovery; finally split, and one half crushed for sample. For detailed method of calcu* 
la ting aver value for a hole and for orebody, see Bib (125) ; in discussion, the method was 
criticized as unduly elaborate. 

Lake Superior iron ranges. Ores are masses of soft or hard hematite, in mctamorphic 
rocks. Orebodics were formed by leaching and concentration in troughs caused by folds, 
faults, and intersections with dikes. Mesabi ores lie horiz and present ideal conditions 
for exploration by boring. Elsewhere, the iron formation dips steeply, and orebodies, 
where exposed, show their edges only. Region is drift-covered, but, in Marquette, Eastern 



Fig S3. Eod Elevation of Sludge Box 



Menominee, Gogebic, and parts of Vermilion ranges, there are numerous hard-rock out- 
crops, to which early exploration was confined. 

Surface showings have been taken up and exploration is now limited to diamond drill- 
ing for orebodies at depth. Much successful dnlhng has been done at random, but geo- 
logical conditions are now so well known that the usual hazard of exploratory work is 
reduced. C. Iv. Leith states that with intelligent supervision 2-8% of exploratory di-filing 
should be in ore, depending on the district (50). Maps, published by state and national 
geol surveys, sliow location of areas covered by iron formation (51). Within these areas, 
outcrops, petrology, stratigraphy, and geol structure are studied in detail and magnetic 
surveys made before dnllmg is begun. This information tends to eliminate worthless 
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areas. Highly silicated and strongly magnetic areas, and those in which the rocks of the 
iron formation aie “ lean and tight,” are nearly barren of commercial orebodies. Prospect- 
ing IS probably most difficult on Mononunee and Gogebic ranges, because of their oom- 
plic^ited stiucture. Usually holes are drilled perpoudicular to dip of iron foimafikm. 
E’'oUowing examples from P. B. MacDonald (52) are typical. 

Fig S4, Marquette range. Diamond-drill hole, 600 ft deep, located between 2 outcrops, 
a diorite dike and a low hill of Goodrich quartzite known to overhe iron formation in this 
district. Hanging wall of dike offered a favorable place for concentration. Fig 85, 
Marquette lange. “Only outcrop is a ndge of Ajibik quartzite, a rock known to underlie 
JSiamo slate usually forming the footwall of ore formation.” Dip of formation was deter- 
mined from the quartzite, and hole started far enough back to allow for thickness of Siamp 
slate. Fig 80, Amasa district. Good orebodies were known in mines at A and B, Np 
outcrops; surface drift, 100 ft deep. Magnetic survey allowed a line of max dip, wbioli 
indicated a bend in formation about a mile away. Since such angles are favorable places 
tor ore concentrations, a diamond-drill hole was put down at about same distance front 
max dii> line as mines A and B. Fig 87, Crystal Falls district, shows a diamond-drill hole 
wliich was abandoned in a fine-grained gray dike thought to be footwall slate. Leter 
microscopic examination revealed its true character and drilling through the dike disclosed 
100 ft of ore. For details exf practice and costs of diamond drilling in Lake Superior Iron 
districts, see See 9. Sampunq praotiob is illustrated by following rules of procedure 
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(1938) by the Cleveland Cliffs Iron Co, according to E. L. Derby, geologist for the Co. 
Set SLUDGE BOX (Fig 55) just below floor of drill shanty, in such position that there is 
room to siphon off water and take out sample without moving box. (Frequently 2 
boxes are used in tandem, sludge water flowing from box to box, to insure an accurate 
sample.) Connect a tee to top of standpipe or casing, and lead a pipe from it to nearer 
end of sludge box, at such height that it will be level or slant towards sludge box and just 
rest upon its top, and of such length that it will not project more than 1 in beyond edge of 
box. The pipe must not exceed 2 ft long; if longer than 1 ft, it must be split on top for 
1 ft nearest sludge lx)x, so that sludge collecting m pipe may be seen. Set box level, so 
that water will overflow evenly across whole width at far end, and wedge partitions firmly 
in close contact with bottom of box. Top of partitions should be 1 in l3elow water level. 
Box is now ready to receive sample. While drilling, caie must be taken that no water 
from drill hole escapes around or over the tee, except through pipe leading to sludge box. 
There must be no leak from box and the plug at the end must be tight. Sludge samples 
are taken for every 5 ft diilled, or less, preferably from even 5-ft intervals; that is, from 
460 to 465, 465 to 470, etc. Whenever a sample is to be taken, drilling must be stopped 
and hole washed out clean. Pipe leading to sludge box must be cleaned out into the box, 
and pump must then be stopped or tee turned so that water will not discharge into box. 
Carefully remove partitions in box, so as not to stir up sludge. When sludge is settled, 
siphon off surplus water, keeping end of siphon near surface of water, and not disturbing 
or drawing off any fine sludge from the bottom. Siphon may be allowed to flow until 
sludge begins to go off with water. Take out hose and thoroughly mix sludge in box to a 
mud, which is then placed in a pan on a boiler to diy. Pan must be at least 8 by 12 in 
by 1 in deep, with flat bottom, and is thoroughly cleaned each time before a sample is put 
into it. If enough water cannot be drawn off, without disturbing sludge, so that sample 
can be contained in this pan, use a larger pan. When sludge has been cleaned out, remove 
plug at end of box, wash out with a pail or two of water, then replace plug and partitions, 
and drilling may be started again. Sludge must be labeled, giving depths between which 
the sample was taken, and must all be saved and turned over to inspector when drilling in 
iron formation, or in other ferruginous or red material. While drilling in material from 
which a sample should be taken, if water is lost, or if sludge does not come up with water, 
or if it is contaminated with material caving from upper part of hole, drilling must be 
stopped until hole is put in such condition that good sludge can again lx? obtained, or until 
inspector permits drilling to proceed. Whenever drill runs into or out of ore, 1 ft or more 
thick, drilling must be stopped, and sludge box cleaned out, without waiting to complete 
the 6-ft run. When drill runs out of ore, continue taking and saving sludge samples for 
at least 20 ft, no matter what the material, to asceitam whether oie is caving. Keep core 
separate from sludge; each time core is pulled, label it with depths between which it was 
recovered. Each run of core is kept sepaiate, and all core .saved and turned over to inspec- 
tor. When core is pulled, if it is found that more i.s saved than in pioportion of 1 ft of core 
to 10 ft of drilling, sludge box must be cleaned without waiting to complete the 5-ft niii, 
and the sludge labeled and saved separately. If sludge from a shorter distance than 5 ft i.s 
in box at end of shift’s work, and if less than above propoition of core is saved, sludge may 
be left in box, provided shanty i.s locked and box is macce.ssible from outside. If anybody 
can get at the box, and if there is no watchman, sludge must l>e icmovefl from lx)x, dried, 
labeled, and placed with other samples. 

Mesabi Range, Mimi. Ores are massive, flat deposits of hematite, of great horiaj 
extent as compared with their depth. Orebodies are generally less than 200 ft thick, 
and may extend laterally for a mile or more. They are overlain by soil and glacial diift 
averaging 65 ft deep. Fig 97 (Art 11) shows a typical .section. There are few surface 
indications of ore. Early practice was to sink test pits through the drift, and as far into 
ore as permitted by facilities and cost for handling water, hoisting, ami ventilation. 
Exploration was continued from bottom of these pita by boring. At present, both pros- 
pecting and exploration are done entirely by boring from surface, which is cheaper, quicker, 
and avoids dangers from numerous open test pits. Following data on boring practice 
were contributed by J. V. Claypool, Oliver Iron Mining Co, m 1938. Churn drills, 
with both straight chopping bit and perforated bit and hollow rods, and diamoiKi 
drills are used, with water under press for flushing cuttings to the surface. Cyclone and 
Keystone drills are also used in drilling from surface and in open-pit areas; samples 
recovered with a sludge bucket. Holes are churn-drilled through surface drift to ore or 
hard rock and cased with heavy 3-in pipe. If iron ore is found, drilling is continued with 
2-in casing through the ore to hard rock; diamond drilling then starts, whether the rock 
had appeared directly under the surface drift or under an orebody. Should the diamond 
drilling go through the taconite and into more than 6 ft of ore, the hole through the taconite 
is enlarged by blasting and the 2-jn casing is churned down through the blasted rock and 
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the underlying orebody to rock, keeping the casing close to bottom of hole to insure 
accurate samples. Diamond drilling then continues to a certain depth into taconite, 
depending on engineer’s judgment. One hole m each 40-acre tract may be drilled into 
quartzite, underlying all iron formation in district. 

Land is held in 40-acre tracts, and for preliminary prospecting, 6 holes are put down 
on each tract. Spacing of the holes varies; common arrangement is to put 1 hole in center 
and others 250 ft from each corner towards the center. Many companies space their 
holes about 600 ft apart. Fig 88 A shows a spacing used when adjacent tracts are being 
drilled for same parties. If ore is not found by these 5 holes, tract is temporarily 
abandoned, although 5 holes are not final proof; should 
a more thorough examination be desired, other holes 
(usually 4) are drilled, the 9 holes being spaced as in Fig 
8SB. If ore is found, a topographic map is made, coordi- 
nate lines are laid out at lOO-ft intervals, and detailed 
exploration is demo by drilling holes 100, 200 or 300 ft 
apart, usually 200 ft. Drilling is done largely by contract; 
local contractois have established reputation for care and integrity. Crew of 1 drill 
runner and 2 helpers on each outfit (combined diamond and churn drill). 

Sampling. C. E. van Barneveld gives following data in 1912 (35). Surface soil is not sampled. 
Cuttings from both churn and diamond drills are discharged with flushing water through a T in 
top of casing, and settled in barrels, tubs or a senes of settling tanks. Drilling practice favors 
accurate sampling; churn drill, used m all soft formations, allows casing to be kept close to bottom 
of hole. In passing from sandy drift into ore, casing is driven into ore ahead of drill bit. Some 
difficult ground is drilled “dry”; pump is stopped, hole drilled 5 ft with just enough water to form a 
sludge, casing is driven to bottom, and sludge re-drilled if necessary, and flushed out. Drill holes 
are s implod in 3, 5, or 10-ft sections, usually 5-ft. Each drill is supplied with 4 to 7 barrels. A 
hole bored in the side of barrel, 8 in from bottom and fitted with a wooden plug, allows most of the 
water to be drawn off({when sludge has settled; remainder stands 2 or 3 hr and is decanted. Sludge 
us dried, mixed, and cut into samples for analysis. Core samples are taken in hard formations; 
2 to 3 ft of core is recovered per 5 ft drilled in hard ore, slate, and quartzite. Some companies do 
not sample diamoud-dnll sludge, if core recovery is more than 30%. Others combine core and sludge 
analyses. With <'are, very good samples are obtained; in a clean orebody, drill samples and subse- 
quent mine sampler check surprisingly closely Streaky ores, having alternate layers of hard 
material and small streaks of soft ore, show much variation; sometimes 6 or 8 points. Very soft 
fane ore often stay.s in suspension, and the water comes up muddy. 

Structure drilling. F(,r testing the “wash ” ores on the western Mesabi Range, consisting of 
narrow alternate layers of FejOaand waste (largely sand) which must be separated to yield market- 
.‘ible i>re, a method devised by .1. 8 Schultz (130) is w'ldely employed Churn drilling is done with a 
hollow cylindrical chopping bit, 2 S/g m outside, 1 5 in inside diani, with 6 chisel-edged notches on its 
end Bit is attached bj screw joint to 2-in rods; a 3-in casing is used, down which water is pumped 
and ruses laside the rod This is called "structure” churn drilling; it delivers cuttings in larger 
fragments than is possible with standard tools, and hence is more informative as to physical 
character 

Magnetic iron ore, Miueville, N Y. Orebodies are large pitching lenses in gneissic 
rooks. Diamond dull oxoliisivelv is u.sod to exidore lenses indicated by outcrops, to deter- 
mine extent of partly dexelojicd orebodies, and to explore in advance of proposed shafts. 
Oiohodies aie faiily regular and conform to gneissic .structure of the rock.s. Formal .spacing 
of holes IS of secondary importance; dip, strike and pitch of lens are controlling factors in 
loi’ating holo.s. Impoitance of core recovery is stressed even m rock; complete recoveries 
are usual in the ore hoiizon. Cores in ore are clas.sified by eye, into rich, lean, and very 
lean, each section is split and per cent Fe and P dctermineil. To provide against possible 
lo.ss of core, sludge samples are taken; experience shows that sludge assays about 5 units 
P’c in excess of core. All core, including split halves in ore, is stored in rac'ks in a core 
house. Method of estimating tonnage from drilling is simple. For example, the horiz 
working face in one Ions, at right angles to axis, is 1 850 ft. Three holes were drilled an 
aver of 738 ft m advance of working faces. Aver thickness of ore at working face and in 
drill holes was taken as the aver thickness of deposit and multiplied by horiz area to give 
cu ft of ore. Dip is disregarded purposely, to give conservative estimates. Tonnage is 
computed by applying weight factors (which vary with Fe content) to total cu ft. Data 
from E. C. Henry (518). 

Southeastern Missouri. The disseminated lead ore occurs in flat masses in dolomite, 
at depths of 290 to 900 ft. Thickness of orebt)dies, up to 70 ft; they cover considerable 
lateral area. Overlying rocks are limestone and shale conglomerates, and dolomite, free 
from chert. There are no outcrops; prospecting and exploration are done by diamond- 
drilling from surface. Churn drills are used as auxiliaries to put holes down to bed rock 
through deep surface soil. Geologic features indicate probable orebearing areas in a 
broad way. H. A. Guess, V-pres Am Sin & Ref Co, furnished following data in 1916 
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(Fig 89) (see also Bib 55), “In extending the limits of known orebodies, the only 
way to do is to feel along with the diamond drill until the full limits of orebody are 
defined. For this work, holes are close-spaced, usually 200 ft, sometimes 100 ft. For 
general prospecting for new orebodies, holes are spaced 400 or 600 ft or even farther, either 
in checkerboard fashion or in lines transverse with supposed strike of ore run. When ore 
is cut, detailed drilling is begun with spacing of 200 ft or less.” Procedure varies with 
different companies. A solid bit is used until near expected ore horizon; then a core bit 
with a 5 or 10-ft core barrel, until the hole bottoms in sandstone known to underlie the 
orebodies. About 25% of total footage is cored. Lead content of cores is estimated from 
their appearance; one estimator is employed for 10 or 12 drills. Cores are assayed occa- 
sionally as a check. Throughout the mineral zone, all sludge is caught and assayed, to 
check estimations and core assays. Sludge serves as a further record when a considerable 



part of a soft lead layer is ground up in trying to core it. Combined solid and coro-bit 
drilling has been done by Federal Lead Co. Aver speed of drilling per 10-hr shift, for 
solid bit, 60 ft; for core bit, 30 ft. Fig 89 shows outline of workings on one orebody, and 
location of holes for preliminary and final exploration. Short horiz holes are also drilled 
from different headings, to supplement indications given by holes from surface. Drilling 
results are used for laying out work and estimating tonnage and value (Art 11), C F 
Jackson (155) states that minimum limits of orebodies consideicd workable are 7 ft thick, 
with 15 ft-% lead. Where thickness exceeds 7 ft, if entire section averages less than 2% 
lead, the workable thickness and its grade are calculated by tiial. 

Tri-State District. Irregular orebodies of sphalerite and galena in breccia of chert 
and limestone he at depths of 75 to 300 ft. Ore occurs m large or small pockets, long 
narrow stringers, or in horiz sheets 10 to 20 ft thick, of considerable area, Portablo 
chum drills exclusively are used for prosi>ecting; preferred to diamond dulls because of 
fissured ground and brecciatod chert. Drilling i.s mostly contracted; usual prices, 90^ 
to $1.25 per ft. In many parts of district, upper extensions of orebexhes often occur 
directly under and 40-50 ft below basins in upper surface of chert formation, which is 
overlain normally by 30^-40 ft of shale, offering no topographical indications. In such areas, 
“shale” holes are first drilled, at 40-60^ per ft, until shale of abnormal depth, 90-100 ft, 
is discovered; deeper drilling is then confined to that portion of the area U56). 

J. R. Reigart (161) supplies the 
data in Table 10 on 8 properties 
in Tri-State district, covering ex- 
ploratory drilling before active 
development. Records of several 
companies in Cherokee Co, Kan, 
during 12 yr prior to 1932, show 
that ^ 473 300 was spent in drill- 
ing 16 281 holes ($274.76 per hole) 
of which 9 691 holes were on prop- 
erties which later became pro- 
ducers. C. W. Nicolson (191) in 
1938 states that practice favors 
, Keystone No 6 drill, mounted on 

track which supplies power; it has a 6.26-in bit and 7/g-in steel rope instead of the 2 i/a-in 


Table 10. Exploratory Churn Drilling, 
Tri-State District 


Acres 

Holes 

drilled 

Holes 
in ore 

Aver 
depth, ft 

Total 

cost 

Cost 
per ft 

80 

129 

35 

250 

$35 000 

$1 08 

104 

129 

52 

279 

53 980 

1 50 

320 

162 

49 

326 

66015 

1.25 

105 

120 

43 

305 

37 482 

1.02 

160 

219 

84 

330 

79 497 

1.10 

60 

90 


300 

27 256 

1 01 

80 

138 

’ 55 ' 

235 

40 839 

1.26 

40 

78 

47 

300 

26 450 

1.13 
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manila cable formerly used. Steel rope requires springs under sheaves. Drilling speed* 
4 ft per hr; cost about $1 per ft. Cuttings bailed every 6 ft in overlying rocks, and every 
2.6 ft in ore horizons. Holes are usually at 200-400-ft intervals until ore is found ; there- 
after at 60-ft or more. W. F. Netzeband (192) states that bore-hole samples are usually 
high in zinc and low in lead, as compared with ultimate mill recovery. 

Southwestern Wisconsin. Following information was contributed in 1938 by J. G. 
Trewartha, Gen Supt, Vinegar Hill Zinc Co. Very irregular bodies of blende and galena 
occur at depths of 20-270 ft in limestones and dolomites. They are usually found over 
basins of broken, oily shale, which apparently permitted a slumping of the limestone, 
resulting in “ pitches,” ” flats,” crevices, and vugs. Ore-bearing solutions have followed 
these openings, depositing the minerals therein. Churn drills are used to locate and out- 
line the orebodies. Chuen-drill prospecting is done in areas where galena was formerly 
mined to shallow depths, on lands adjacent to and along the trend of known orebodies. 
The possibility of an orobody is also sometimes suggested by discovery of traces of ore by 
farmers drilling wells, or by finding crevices on the surface. If ore is struck in churn- 
drilling, several holes are drilled around the discovery hole and 20-26 ft from it, to deter- 
mine trend of ore body. Holes are then drilled along this trend with larger spacing; 
usually started at 6i/2‘in diam; if a hole drills well it may be finished at this diam. In 
bad ground, casing is set and the hole finished with smaller tools. If casing is used, and 
the company decides it may later need the hole for mine ventilation, the casing is left in 
the hole. Blank holes are usually plugged ; driller pulls casing, sets a large boulder about 
6 ft below collar of hole, which is filled to the surface. Drilling is usually by contract; 
prices 60^ to $1 per ft. Cuttings are removed from hole at 6-ft interv'als, until ore horizon 
13 reached. Thereafter hole is carefully cleaned out every 2 ft. Cuttings are caught in a 
tub, and an analysis is made for each 2-ft run, if sample carries enough mineral to w^arrant 
it. In doubtful cases, the engineer pans a small part of the s^ple for examination under 
a microscope; an experienced engineer can thus estimate closely the value in the cuttings. 
A record is kept of each hole, including: depth whore water was first struck, depth at 
which water stands after hole is completed; and occurrence of open ground. Experience 
has shown that ore estimates based on drilling records are satisfactory. 

Witwatersrand. Data from II. S. G. Stokes (195). In 2 yr ending 1935, about 
200 000 ft of prospect Ixiring (chiefly by diamond drill) w’as done, of which about half was 
to prove western extensions of the Hand. Steam rigs were most common, but oil or gaso- 
lene engines were cheaper to operate, more portable, and required less water. Derricks 
for deep holes, 60-07 ft high. Direct or reduction-gear drives and hydraulic feed were 
usual. In uniform ground, Bo African bortz could replace imported carbons. Final core 
size was usually l*/8 m; occasionally in. Chief difficulties in West Rand were: chert 
boulders in subsoil, alternating strata of chert and dolomite, and fissures m the latter. 
Aver advances of 600-600 ft per month were frequent in good ground, with continuous 
drilling; m 1 case, 982 ft per mo at 2 000 ft depth. Aver cost for deep holes in good ground, 
30-408 per ft, including administration and doprec; m bad dolomite, cost might be 
doubled. Under favorable conditions of Far East Rand, 5 holes totaling 10 382 ft cost 
£16 000 ($7.60 per ft). Most drilling was on straight contract; when especial trouble 
was foreseen, on basis of rental, and cost plus 10%. 

N B Washington. Walter Sack, in 1038, gives estimated and actual ooste for diamond-drilling 
of closely-spaced holes to 800-ft max, totaling 60 000 ft, for exploring a large, much faulted iead-xino 
deposit (206). Ixiwest contract bid, $3 per ft, plus drilling expenses for Co account, brought 
estimated cost to $3,85, besides cost of clearing heavily timbered sites and providing drill water. 
On rental basis for 2 rigs, each averaging 876 ft per mo of 75 shifts, estimated cost per ft was: rental, 
$0.39; upkeep, $0.06; diamonds, $0.60, operation, $1.10; total, $2.05. Company then purchased 
2 complete rigs for $12 000, charging entire prioe against 50 000 ft of hole, or $0.24 per ft; other 
Items, same as above, gave total cost of $1.90. 


c. Diamond Drilling Underground 

Jotie mine, B. C, Roughly parallol veins of pyrrhotite, carrying chalcopyrite accom- 
panied by Au and some Ag, occur in hard augite porphynto and diorite. Veins dip 60-80®; 
oroshoots ore related to contacts and intersections of veins with a complex system of 
steep-dipping dikes. Some dikes are parallel to, others cut veins with or without faulting. 
When a drift on a vein cuts a dike and ore is not found beyond, a diamond drill may be 
used to seek faulted segment of vein; or, if there is no fault, to seek ore in a parallel vein. 
On finding such ore, drifting is transferred to the parallel vein and, later, holes are drilled 
back to explore extension of first vein. This plan minimizes length of nonproductive drifts 
and speeds exploration work. Approx limits of shoots are found by ” fanning ” holes vert 
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and horiz from one set-up, but about 96% of holes are flat. Country rock gives good 
cores; dikes are broken and boring in them is avoided where possible. 

All drills had double-tube (“ Stone ”) core barrels. Sullivan “ E ” drill was used for 
flat holes; outside diam bit, 1 7 /jg in; core, 7/g in. This drill has a rated capac of 450 ft, but 
was used for holes 600-1 000 ft deep. Down holes were drilled of the same diam with 
Sullivan “ S ” drills. Chip bits often used, especially in short holes, but were unsuitable 
in broken ground. Normally, 2 ft of drilling per ft of development (510). 

El Potosf mine, Santa Eulalia, Mex. Data from H. A. Walker (50.3) in 1922 and 1934. 
Silver-lead ores occur as irregular replacements in limestone; frequently in form of chim- 
neys 60-300 ft diam, related to a system of vert fissures; also in horiz “mantos” (see 
Art 37). Diamond drill is used extensively to explore new ground, secure geol data, and 
determine limits of orebodies; also occasionally to bore holes for drainage or elec conduits. 
Work done by especial foreman and crew. Location of holes. If stopes or other con- 
venient openings are not available for setting up drill, special drill bases are excavated 
about 15 ft wide by 25 ft long by 9 ft high, so located as to avoid known bad drilling 
ground or interference with mining and tramming, to allow thorough exploiation, and to 
cover max possible area from one set-up. Usually a series of horiz holes, 15° apart in 
azimuth, and a corresponding series of holes pointing downward 15°, are dulled from each 
set-up. The general direction of the “fan” of holes so drilled in new gioiind is usually 
at right angles to the strike of a known fissure system, but the fan fiequently extends 
through 180°. As close drilling is required to avoid missing orelxidies, sets of holes are 
drilled into the same areas from different levels. Holes from different set-ups are then 
staggered to reduce unexplored distance between adjacent holes to 100 ft max, this 
requires careful pointing of holes in each set. A transit is used to point the first hole; 
the others are pointed by means of wooden templates held against rods projecting 
from the first hole. A spirit level on the feed screw is used to start horiz holes, the 
rods being carefully centered in the chuck. Location and elevation of the collar 
of each hole are determined by survey; its direction is computed fiom the location of two 
points, as far apart as possible, on the drill rods projecting from the hole. Dips are 
measured with a Brunton compass. The holes themselves need not be sui veyed, as they 
are comparatively shallow and show only slight deflection from their course. When 
completed, each hole is plugged and marked with a numbered copper tag for future 
identification. If ore is found, further drilling to determine size of the orebody, etc, is 
guided by local conditions. For example: the horiz and dipping holes in one set found an 
orebody and determined its horiz section. A 30° down hole drilled fiom same set-up was 
barren; a 20° down hole was then drilled and located the bottom of the deposit. Develop- 
ment openings were next driven to, and in the ore, and raises put up to determine its upper 
limits. Ventilation became difficult in the raises, and top of the deposit was located by 
drilling from a higher level. As these orebodies are mined by underhand sloping, the 
top of the ore must be found before stopes can be planned. Equipment in 1934 included 
following types of drill: (a) EX, air-driven, 2-man, for 700-ft max, 5(X)-ft aver, holes; 
10-ft rods, single or double core barrels, ^/g-in core, bit set with black diamonds, ^U-2 carats 
per stone; costs in col I, Table 11. Same machines with 5-ft rods may be run by 1 man 
to max 350 ft, sometimes substituting borts oi small natural carbons; costs m col II, 
Table 11. (5) EX, electric-d riven by 7.5-hp, 440-volt, a-c motor, with gear transmission 

and clutch for speed control, pump is direct-connected to 5-hp motor, costs in col III, 
Table 11. (c) Same type of 2-man drill, but driven by 5-hp, adjustable-speed, induction 

motor; pump has 3-hp motor. This and preceding type both use 10-ft rods, and bits 
set with borts, scrap, or small carbons, (d) Air-driven, hydraulic-feed C drill with A rods. 
3-man crew, for geol work to 2 500 ft max depth, (c) Light-weight, air-diiven, 1-man, 
for 200 ft max, 150-ft aver, depth; 5-ft rods, double-tube core barrels, giving 0.75-in core; 
bits set with small carbons; costs in col IV, Table 11. (/) Prospector EX, for max 250 ft, 

1-man, elec, with 3-hp motor and multi-speed drive; pump, duplex, double-acting, with 
1.5-hp motor. This drill is expected to displace (e) type. For all of 2-man types, except 
(d), max effic drilling depth is 400-450 ft. The 1-man drills with 5-ft rods rocpiiie lo.ss 
excavation for sites. Type (c) is more effic than (fe); and both (5) and (c) are more 
economical of power than air-driven drill (a). At this mine, drilling largely in fissured 
limestone, small natural carbons have proved cheaper than borts or scrap, excejit as the 
latter may be salvaged from work requiring large stones. 

Aver carbonate ore is soft and gives little core; rods are pulled every 2 or 3 ft and the 
sludge need for assay. Core recovery in sulphide ore roaches 95% and rods are pulled every 
6 or 10 ft. Manganese stains and broken ground in limestone often indicate proximity of 
ore and aid the driller. Drilling speed in usual limestone is 50-100 ft per 8-hr shift. 
Diamond loss in 1922 was 6.91 carats in drilling 12 480 ft in limestone and 170 ft in hard 
galen4 ore; loss greatest in hard sulphide ores. 
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Table 11. Cost of Underground Diamond Drilling, £1 Potosf Mine, Mex (1932) 

See accompanying text 


U S Dollars per ft for; 

I 

II 

III 

IV 

Drilling labor (a) . . . . 

Carbon and borts 

Power. 

Carbide & lubricants. . . 
Setting bits 

Pepairs to drills & pumps 
New rods . . 
Supervision 

$0 092 
.166 
.080 
.006 
.035 
.036 
050 
084 

$0,076 

.119 

.088 

.006 

.029 

031 

049 

086 

$0 090 
.053 
.009 
.006 
028 
054 
.041 
073 

$0,094 

095 

.078 

.007 

.049 

.047 

051 

085 

Total direct 

Tools and core boxes. , . . 

Moving drills 

Cutting stations 

$0,549 
.008 
.007 i 
.017 
.004 

$0,484 

008 

.005 

002 

007 

$0 354 
.008 
002 
.003 
003 

$0,506 

009 

007 

002 

006 

New pumps ' 

Total cost 

$0 585 
15 222 

$0 506 

9 275 

$0 370 
10 749 

$0 530 

9 923 

Footage during 1932 


(a) At approx aver 28^ (U S) per man-hr. 


United Verde mine, Jerome, Ariz, employed underground diamond drilling extensively 
(25 (K)0--30 000 ft per year, 33 376 ft in 1930) for preliminary exploration of its irregular, 
lenticular, steeply dipping, sulphide replacement orebodies lying within a zone averaging 
300 ft wide (97, 227); see also Fig 48, Art 7. Cores were 7/8-2 in diam, the latter in 
special cases for taking a large sample. Some holes, to 3 in, have been bored for drainage, 
conduits, ventilation, or running slime into fire areas. Of all holes to 1933, 64% were 
between 200 and 600 ft (7% over 1 000 ft), and 79% inclined between +12° and -—5°. 
Core recovery in all rock averaged 91.3%, from 79.2% in greenstone to 95.3% in massive 
sulphide. Cementing was almost invariably used m dealing with caving, broken, or 
sandy ground. Core pulled every 5 ft, except when a sharp contact was encountered at a 
shorter interval; all core was crushed for sample, retaining a few’ pieces for record. 
Sludge wiis collected and sampled only w’hile boring in mineral, and its assay combined 
with that of core on theoretical vol basis depending on core recovery and size of bit. 

Following data on present practice were contributed in 1939 by C. E. Mills, Chief 
Engr. Most diamond drilling is now short-hole work, 100-500 ft, to delimit known ore 
areas, prospect stopo walls, determine structure or general geol formation, and to 
aid locating development headings. Occasional long holes, 1 000-2 200 ft, are drilled to 
prospect outlying areas. The ground drilled varies from comparatively soft chlorite 
schi.'^t and metamorphosed quartz porphyry to relatively hard rhyolite porphyry, diorite, 
and hard, massive pyrite carrying quartz and jasper. Most footage is within massive 
sulidiide areas. Heprcsentative sections of core from long holes or holes of especial 
interest are kept for recoid, otherwise, entire core is sent to the assay office. Part of the 
pulp.s i.s saved for composites and future analysis. EqriP.MENT. A Hoyle B B U drill 
wTth M-size bits is used for short-hole w’ork, Ixmgyear U Cl drill is used in harder ground 
for 200-1 000-ft holes, and Sullivan V hydraulic drill for deep holes. The E bit, giving a 
lO/ie-in hole is used w here depth requires surveying, and an AX bit (127/32-m) for long holes 
that may need grouting or casing. A Wright bore-hole surveying instrument is used for 
depths over 500 ft, to observe deviation. Bits. Bortz is used almost exclusively in all 
ground: carbon occasionally, for gage stones in broken (jiiartz or siliceous sulphide. 
Bortz loss IS 0.02-0.1 carat per ft, depending on kind of ground. Cutting edges of bits are 
rounded and set with bortz averaging 20 vstones i>or carat. M bit, a si>ecial size for short- 
hole drilling, has 100 stones and requires about 6 hr for setting; its outside diam is EX or 
l7/ig 111, and inside diam of l^/ie m gives the largest core possible with this size of bit. 
The 1 17 /32-in E bit averages alnnit 120 stones and requires 7 hr for sotting; the 1 27/32-in 
AX requires approx 150 stones and 9 hr for setting. Kecovery of stones from used bits 
averages 50%. All-metal core boxes, with corrugated removable trays, are used to 
handle core from working place to diamond-iirill shop. Speed and cost of drillinq. 
Ill short-hole drilling (av’^er 250 ft), footage per shift is from 40 ft in aver schist or porphyry 
to 25 ft in hard sulphide. F'or long holes, set-ups are pro\*ided to permit 20-ft changes 
of rods, and footage per shift Is from 30 ft for short holes to 10 ft for 1 500-ft holes. Direct 
cost per ft during 1937 and 1938 is shown in Table 12. Carbon loss averaged 0.031 carat 
per ft of hole in 1937, 0.030 carat in 1938; max loss in one month was 0.098 carat per ft. 
In 1938, footage per drill-shift averaged 25.3 ft; footage per bit, 60.3 ft; loss of carbon per 
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bit, 1.81 carats. Besides the footage drilled on Co acot, 2 069 ft were drilled by 1 crew on 
outside contract. 

Edwards zinc mine, N Y. Underground diamond drilling has been found well adapted to 

discovery and exploration; orebodies are lenticular, 
roughly parallel, sulphide replacements m limestone, 
dipping about 40® (253). Drill stations are cut by 
company, but drilling is on contract, power and water 
supplied. Small, air-driven drills take T/g-m core. 
Lateral holes are pointed within 6® above or below 
horiz; down holes usually at about 45®, to cut ore at 
right angles. Core recovery is high; no sludge saved, 
core assayed only when expert visual inspection is 
in doubt. During 1930, 10 holes totaling 3 386 ft 
cost $2.05 per ft. 

Cold Springs ferberite mine, Nederland, Colo. 
Narrow, steeply dipping oreshoots in granite Con- 
ventional boring methods are used for exploration, 
but instead of a diamond bit, “firthite” (tungsten 
carbide in cobalt matrix) is brazed, with Tobin 
bronze and oxy-acetylene flame, directly on lower 
edge of core barrel. This increases diam of core ob- 
tainable with drill employed from 16/16 (with diamond 
bit) to l5/jgin; loss of bit in fissured rock at this 
name is also avoided. Complete firthite crown costs 
about $75, and the cutting material can be used 
repeatedly, with care to avoid excessive brazing temp. 
Max depth drilled in this hard rock during 1931 was 
18 ft for 1 setting of firthite. Total drilled in 1931, 
1 932 ft; aver depth, 75 ft; aver cost, $2.16 per ft; 
aver core recovery, 80% (290). 

Hollinger mine, Ont, has used underground diamond drilling extensively (309.2 miles 
of hole to end of 1934) for exploring intricate and frequently discontinuous quartz veins, 
dipping about 75®, in a wide shear zone in or adjacent to porphyry. In 1936, equipment 
included 8 drills using E S rods (7 /g-in core) and 6 E P rods (5 /g-in core) , all operated by 
air. Most core barrels are double-tube; bits set mainly with bortz, usually 9 or 10 per 
carat, 45-60 stones per bit. Drilling (2-man crew) is on morning shift only. E S drills 
average 46.8 ft per shift. All drilling is contracted at rate per ft which, with E S machines, 
is based mainly on percentage of core recovery, 87^ for 90%, 72^ for 55% or less; for 
E P holes, price is 75^ flat. Recovery is lower in porphyry than in other rocks. Contractor 
pays wages plus a bonus for footage, per 8 hr, above 32 ft with E S, or 35 ft with E P 
machines. Most holes are horiz or sli^tly inclined, aiming to cut vein system normal to 
strike. Owing to numerous parallel drifts, where drills can be set up, it is seldom necessary 
to bore a hole more than 200 ft to gain all information expected at that point (306). 

Other examples of cost. Walter Sack, in 1938, gives estimated costs for underground diamond 
drilling at 2 places (206). (X) To prove tonnage and value of known, large, low-grade body of gold 

ore in western Mont, already considerably developed. Total necessary footage not predictable, 
but estimates were based on four 50()-ft holes. Lowest contract bid ($2 60) plus freight both ways, 
compressed-air power (from rented compressor), and installing air and water lines, all for Co account, 
raised estimate to $3.96. Drill rental for 3 mo ($675), and operating by Co, was estimated to cost 
per ft (on 2 000 ft): rental and upkeep, $0.36, freight, $0.13; compressor (rent, hauling, and 
piping), $0.16, fuel and maintenance, $1.03; drilling labor, $1.21; diamonds, $0.30, total, $3.19. 
Actually, 9 000 ft were drilled in 9 mo, at $2.43 per ft; machine-set bits used. (B) To out and 
sample a vein at 250 and 500 ft below present sump of a silver-lead mine m Cokur d’Albnb dis- 
trict, Idaho. Length of 2 short and 2 longer holes totalled 1 700 ft; diamond drilling not regu- 
larly required at this mine; drilling possible on only 1 shift. Rental for 6 mos ($1 250), $0.74 per 
ft; frt and upkeep, $0.18; labor (125 shifts), $0.89; oomp air (from mine), $0.02; diamonds, $0.50; 
estimated total, $2.28. This job was contracted at $2.25 per ft, including everything but oomp air. 


Table 12. Cost of Underground 
Diamond Drilling at the 
United Verde Mine 



1937 

1938 

Labor (a) 

$0.82 

$0 76 

Carbon 

0.31 

0.16 

Operating supplies 

0.02 

0. 10 

Comp air and water .... 

0 02 


Miscellaneous 

0.02 


Total 

$1.19 

$1.02 

Number of holes 

58 

34 

Total footage 

6 922 

4 585 

Aver length of hole, ft.. 

119 

134 

Max depth of hole 

1 507 

526 

Percentage of holes in- 
Hard siliceous sulphide 

6.3 


Aver sulphide 

31.9 


Schist 

27 5 


Porphyry & diorite. 

34 3 



(o) Aver wages; drill runner, $6.88 in 
1937, $6.40 in 1938; helper, $5.60 in 1937, 
$6.16 in 1938. 


d. Exploratory Hammer Drilling 

Exploration and sampling by short holes, drilled with ordinary steel and equipment, 
as drifters, stopers, or mounted jackhammers, and to max depth of 22 ft, has long been 
routine practice at many mines for following purposes: (a) Sampling at face of heading or 
stope ; in a massive and fairly uniform ore (as at Miami) , drill cuttings may be as accurate 
as a channel sample, but in a vein with banded structure a drilled sample is likely to be 
salted with softer (and often richer) vein material, to about same degree as a channel 
sample; sample holes in such a deposit are obviously unreliable unless drilled to cut the 
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laminations at 45° or over. (5) Exploring from walls of a drift to be advanced in some 
fixed relative position with respect to walls of orebody; also to ascertain width of latter, 
(c) Exploring for nearly parallel or branching veins, or offsets behind waste inclusions. 
id) Check sampling of a block of ore exposed when square-setting; also, in other stoping 
methods, to determine grade and location of ore to be broken. Shallow holes for above 
purpose are usually drilled horiz or slightly upward, and without water. If dependable 
assay is required, cuttings may be caught in a sack held closely around drill hole, the 
steel passing through a hole near bottom of sack; if visual inspection suffices, cuttings 
can be caught in pan or powder box. 

Hammer drilling of peeper holes, often to 150 ft, occasionally to 250 ft (one of 272 ft 
is on record) , is a fairly recent practice made possible by deMgn of a satisfactory coupling 
for sectionalized drill steel and mechanism for the positive rotation of a long and heavy 
rod. Within this range of depth and m rock not too hard, hammer drilling compares 
favorably with diamond drilling as to speed and cost, especially in ground tending to 
cause loss of diamonds or bits. Chief drawbacks of deep hammer drilling for exploration 
(its principal use) are: (a) results depend wholly upon return of sludge. Loss of which, in 
fissured ground, is less easily prevented than in diamond drilling; (6) where rock carries 
narrow stringers of soft ore minerals outside of the main orebody sought, contamination 
of cuttings by abrasion from wall of hole is more serious than in diamond drilling; in 
such circumstances, data from a hammer-drill hole may have negative value only. Prin- 
cipal factor limiting depth of a hammer-drill hole is hardness of rock, causing rapid loss of 
gage; corrected by reaming with sharp bit of same gage before changing to next smaller 
size, or by applying Stellite to wings of bit. Any positively rotated standard drill can be 
used, but extra-heavy drifter machines, specially designed for deep drilling, are available; 
preferred mounting is on a cross-arm supported by 2 columns for extra rigidity. Com- 
monest inclinations lie between 5° and 30° alxive horiz, insuring rapid return of sludge 
(assuming ample water supply) without throwing excessive wt on drill; with up-holes of 
45° or more, a counterweight must usually be arranged to carry wt of drill steel, commonly 
1 25-in hollow round. Down-holes can be drilled, but with more difficulty in recovering 
.sludge, a water swivel to admit compressed air at short, regular intervals aids in lifting 
sludge. Collection of sludge, when required for assay, is somewhat inconvenient; a good 
method for up-holes involves drilling a short hole, collaring just below and pointing 
upward to intersect the deep hole about 1 ft inside of its collar; a short piece of pipe is 
then weilgcd into the lower hole, delivering sludge to tubs or settlers (468). 


Table 13. Data on Deep-hole Hammer Drilling 


Mine and 

Bib reference 

Year 

Nature 

of 

orebody 

Inclination 
of holes 

Depth of 
holes, ft 

A = aver 
M — m.ax 

Size at 
start, m 

Advance, 
ft per 
drili-sbift 

Cost 
per ft 

L «*= labor 
T = total 

Chief Consol ^509; , 

1925 

(B) 


A 80 5 

31/8 

23 5 

L $0 60 





M 272 



T 1 00 

h^glo Pioher (569) 

1926 

(B) 

+ 10° to 30° 

M 148 

31/4 

25 

T 1 69 

Empire Zinc (319) 

May, ’31 

(C) 


M 228 

31/8 

33.1 

L 0.40 








T 0 51 

New Idria (320) . . 

1927 

(D) ^ 

+ 8° to 50° 

A 99 3 

31/4 

30 

T 0.75 





M 228 




Burra Burra (180),. 

1928 

(E) 

+ 15° 

M 150 

33/4 

25 

T 0.80 

Kay (294, 335) 

1928 

(F) 

+ 45° to 55° 

M 90 

31/2 

23 


Caiianea (344) . . . 

1929 

(G) 

Flat 

A 85 

3 

18.5 






M 125 




Morning (343) .... 

1929 

(H) 


A 46 

31/4 

12 

L 0.92 





M 129 



T 1.10 

liki wards (253) 

1930 

(B) 

±20° 

M 50 



T 0.99 





A 43 




Rosebeiry (321). ... 

1930 

(I) 

+ 15° 

A 60 

31/4 

10.7 






M 138 





(B) Irregular beds and chimneys of sulphides in limestone. (C) Thick beds of sulphides in 
limestone, aj»»oo with quartwte and shale, often fractured and unconsolidated. (D) Narrow, 
ramifying stringers of cinnabar m medium-hard sandstone and shale. (E) Large lenticular masses 
of Fe-Cu sulphides, between schist and graywacke walls. (F) Fine stringers and disseminations of 
sulphide in quarta-sericite schist. (G) Sulphides with miarts gangue in hard limestone and 
brocciat«d porphyry. (H) Pb-Znsulplude and quartz vein in sheared or sheeted quartzite. (I) Massive 
Bulphidos 111 quarte-sericite sclust, with quartzite layers. 

Chief Consol mines, Tintic, Utah. Silver-lead ore occurs as lenses on bedding planes in 
limestone and in connecting pipes. Occurrence is irregular. Regular systems of explora- 
tory workings will not find all orebodies, hence proportion of non-productive exploratory 
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and development work is high. Exploration costs have been reduced by boring from 
underground points. Diamond drills were discarded after 6-8 months’ trial, because of 
high costs due largely to diamond loss. A small churn drill also proved inapplicable. 
Hammer drills of independently rotated type proved successful. A heavy tunnel 
machine with 1.25-in steel was used for contract drilling of holes 100-200 ft or more in 
depth. A lighter, mounted sinker with 1-in steel was used by leasers for holes to 150 ft 
deep. Double-column mounting was required to preserve alinement of deep holes; a 
single-column and arm could be used for shallow holes. 

Fig 90 shows joint between drill rods and water swivel. Usual water inlet through 
shank is plugged, and water under good press, supplied by small pump if necessary, is 
admitted through a forged-steel swivel between shank and bit. For down-holes, swivel 
can be arranged to take air at 1/4 or Ue of a revolution; resulting air lift aids in recovering 
cuttings. McClellan cross bit was used; starting bit, 2.5-in for 1-in steel, 3.125-in for 
1.25-in steel. These sizes permit 8 gage drops of i/g iu each before hole becomes too small 


Bronze swivel A"nipple to water hose 
steeL \ g ~ sleeve^ 


Mcacllan bit. 
6"xl5 taper 


f DrillsteeU 

piiiggea^ jacket Forged 3,6 and 9-ft lengths 
Rubber double thread 

bumper sjn^nk on collars for rotors 

Fig 90. Swivel and Steel Assembly for Deep-hole 
Hammer Drilling 


for the joint. If loss of gage is 
too rapid, hole is reamed with a 
new bit of same gage as the previ- 
ous one. In some cases 6-8 ream- 
ing bits are used before putting 
in next size. Sludge for each 3 ft 
of hole IS collected in a powder 
box placed at mouth of hole, and 
sacked for assay and physical 
examination. Methods described 
in Art 8 for careful collection of 
diamond- and churn-drill samples 


were considered too complicated for ordinary miners. It was recognized that the 


sampling practice was liable to error, but character of ore occurrence was such that 


subsequent channel samples checked hammer-drill samples. 


During 19 mo (Oct, 1023, to Apl, 1925) holes totalling 36 232 ft and averaging 80 5 ft deep 
were drilled in 1 538 drill-shifts (2 men per drill), or 23 6 ft per dnll-shift Deepest hole, 272 ft; 
150 ft and over was frequently attained Labor cost ($5.25 and $4 75 per shift) uverasted 60i* per 
ft; total cost about $1, compared with $4.94 for diamond drilling under same conditions (509). 
Fig 74, 74a (Art 9), show record forms used. 


Empire Zinc Co, Gilman, Colo. Deep-hole drilling is used for prospecting and planning 
development. Orebodies are thick, gently dipping, sulphide replacements m limestone, 

quartzite and shale. In some places, ore and 


Table 14. Deep-hole Hammer 
Drilling at Gilman, Colo 

(Year ending May 31, 1931) 


adjacent rocks occur in fractured zones of loose, 
uncemented, large and small fragments (319). 
Ore is such that accurate sampling of cuttings is 
unnecessaiy. Dulls aie Gardner- Denver No 34 


Total footage 

15,187 

Aver ft per dnll-shift 

17 5 

Percent time drilling, . 

78 2% 

“ “ moving . . 

8.3 

“ “in trouble (a) . . 

13.5 

Cost per ft: 


All underground labor (5) . . . 

$0 608 

Maintenance labor (c) 

. 193 

Supplies (d) 

164 

Total (e) . . 

$0 965 


(a) Fishing, stuck rods, repairs, air, 
and water lines. (6) Drilling, timbering, 
preparing drill stations, pipe work, ana 
clean-up. (c) Outside labor on main- 
tenance and repairs of machines, stel- 
liting, fabricating new equipment, (d) 
Supplies and new equipment for deep- 
drill maintenance. (^) Not including 
5 2^ for assaying; 2.4^ office exp; 9.3^ 
for engineers and geologists. 


Turbo drifters, mounted on 2 columns. The 
1.25-in drill steel is upset to 1..") m at Ixith ends, 
and IS oil-tempered after each 600 ft of drilling. 
Bits: (a) crossbit with center hole for hard or 
coarse-breaking rock, (5) ciossbit with forward- 
pointing side hole for soft ground, (c) Garr bit 
for loose and caving ground, in which crossbits 
are harder to pull. Outer faces of all hits are 
stellited to retard loss of gage, cutting distance 
per bit is thereby increased 6^ 8 times ovoi iilain 
steel; a T25-ft hole can often be Ixittomed with 
the starting bit. A bit can be made and stellited 
in 40 min, at cost of 28..’3^ (1 lb Stellite for 14 
bits) and can be used alxiut 12 times before 
reshaping. Standard sizes; 3 l/s. 3, 2 3/4 in; the 
former 8 sizes of all-steel bits are not now 
required. One 228-ft hole, starting at +45®, 
was drilled by 2 men without aid of counter- 
weight. Hole surveys show no fixed rule as to 


vert deviation, but in hard ground a hole will usually start dropping at start, and fall 
12-15 ft in 150 ft, in soft ground, hole usually climbs during first 50 ft, is about on grade 
at 150 ft, and then drops rapidly. Table 14 gives data on continuous operation of 3 drills 
during'! yr ending May, 1931; most of the time was occupied with experimentation; satis- 
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factory operation not attained until last 2 mo, when cost per ft declined quickly to 50.5ff, 
or about half of what it was 4 mo previously, with corres^nding doubling of footage per 
shift to 33.1 ft. 

New Idria quicksilver mine. Seamy and minutely fractured sandstone, erratically 
impregnated with cinnabar, was prospected by deep-hole drilling at large saving over other 
methods (320) . Accurate sampling not attempted ; cuttings from each 3-ft advance were 
panned. Heavy drifter was mounted usually on cross-arm between 2 columns; in tight 
places, on horiz bar only. Most holes were 8°-60° above horiz; one, of 147 ft, was 78® 
below horiz. Aver depth of 87 holes, 99.3 ft; deepest, 228 ft. Starting bit, 3.25-in, reduc- 
ing by i/s in to smallest at 1.75-in. Water at 100-lb press obtained by tapping the pump 
column. Aver advance per 2-man drill-shift, 30 ft in medium shale and sandstone. Total 
cost (1931), 75^ per ft, including purchase of one complete outfit for $1 800. 

Tri-State district has used deep-hole drilling, usually to advantage, in proving or dis- 
proving occurrences of ore in suspected areas without expensive drifting; cuttings seldom 
assayed (569) . In low headings, drdl is mounted on 2 columns; in high headings, on heavy 
tripods. Holes are usually pointed upward at 10° or over; several were drilled 50 ft at 60® 
above, and a few to 100 ft or more at 5° below horiz; latter were cleaned by injecting 
water and air through pipes. To April, 1930, deepest hammer-drill holes were about 
150 ft (probably not the limiting depth). A few cost data follow: Federal Mining & 
Smelting, 2 675 ft, at $1.75 plus estimated 15^ for deprec. Canam Metals Corp, over 
1 000 ft, at $1.70, excluding deprec. Mo-Kas Zinc Corp, several thousand ft, mainly in 
solid limestone, at 60-70^, including deprec. Eagle Picher Lead Co, 3 477 ft, at $1.69, 
including deprec; at same Co’s Lucky Jew mine, 1 072 ft largely in solid limestone, at 
$1.14. Costs usually averaged about $1.70 per ft to 1930, but reductions were expected 
with added experience. 

Roseberry mine, Tasmania. Pb-Zn-Fe sulphide orebody, surrounded by fine-textured quarta- 
sericite schist with bands of quartzite and quartz veins (321). Exploration is done with Gardner- 
Denver, 225-lb hammer dnlls Holes start at 15® above horiz; deepest. 138 ft. Air consumption 
(85-lb press), 110 cu ft per mm for first 50 ft, to 225 cu ft at 100 ft. Water, 70-lb press, 4 gal per 
min. To mid-1930. 15 holes totaling 893 ft were drilled in 83 2-man drilling shifts, plus 12 shifts 
moving and setting up; aver, 10 7 ft per drill-shift, or 9.4 ft per elapsed shift. Max for 1 shift, 30ft. 
Diamond drilling (1-in core) in same ground averaged 9 ft per shift. While drilling, changes from 
rock to sulphides are recognized by color of cuttings; assays showed enrichment of Zn and Pb in 
slimes from a massive pyrite ore, demanding care in recovery of sludge. 


11. ESTIMATES, FROM BOREHOLES, OF ORE 
TONNAGE AND VALUE 


(For survey of boreholes, see Sec 9; for platting boreholes, see Art 9) 


Average value of ore in one hole. Let Fi, Fz, . . . Fn = assays of successive samples; 
Lu Lz, ■ • • Ln * their respective lengths; F =» aver assay of ore. Then 


FiLi 4- FzLz -f - ♦ 4- FnLn 
Li + Lz -f* • * * 4- Ln 


( 1 ) 


If sample lengths are equal, aver as.say i.s arithmetical aver of assays of samples. For 
methods of averaging assays of diamond-drill core and sludge, see Art 8 and Bib (123, 124, 
125, 128). 

Average value and tonnage of an orebody are calculated from borehole averages in 
different ways, depending on ore occurrence and information desired. 

Examples. Iron-ore deposits at Moa and Mayarf, Cuba, and placer dredging prop- 
erties, are examples of surface orobodies with no overburden, and fairly regular bedrock. 
For such orebodios, estimates may bo made thus: Let Fi, Fz, • • • Fn aver value or 
assay of drill holes 1, 2, 3, • • • n. Ai, A?. • • • An respective areas of influence of these 
holes, sq ft; Di, Da, ♦ * • Dn “ respective depths of holes, ft; A =■ total area of deposit; 
F “ aver value of deposit; D » aver depth; T »» total tonnage; C * cu ft per ton in 
place, n «« number of holes. Then, 

For holes spaced irregularly: For holes spaced at regular intervals: 


AiFiDi 4- AzFzDz -f - ♦ + AnVnPn 
AiDi -p AiDi -f • • • AnDn 

AiDi-^AtPtA- 4- AnPn 


(Ai 4- Aa 4- • • * 4“ An)D 

C 


t— 14 


( 2 ) 

(3) 

( 4 ) 


F 

D 

T 


FiDi4- FaDz4- VnDn 
nD 

Di -f Da 4“ ' • • 4" Dn 
n 

AD 

C 
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Where ore is overlain by barren material, or occurs in bodies overlying each other and 
separated by barren or low-grade material, the same methods apply, but only the V, Z>, 
and C relating to workable areas penetrated by each hole are considered. 

Area of influence of a borehole is the area within which the values shown by that hole 
are assumed to persist. Theory of averaging samples in general is based on assumption 
that values vary at a uniform rate between sample points. This assumption is met by so 
taking the area of influence of a hole that every point within it is nearer to that hole than 
to any other. 

Fig 91 shows general case for holes spaced irregularly. Area of influence for hole 
No 1 is found by drawing lines 1-2, 1-3, etc, connecting hole No 1 with all those around it. 
Lines oh, be, cd, de, and ea are perpendicular bisectors of lines 1-5, 1-4, 1-3, 1-2, and 1-6, 
respectively. They enclose polygon abede, which is area of influence of hole No 1, which 
area may be measured with planimeter, or calculated from scaled bases and altitudes of 
its component right triangles. A different method for defining areas of influence of 



Fig 93 Fig 94 


irregularly spaced holes has been used in S E Mo (322). Triangles are first constructed 
by joining each hole with those nearest to it (Fig 93). Lines are then drawn from each 
apex to center of opposite side (intersecting at center of gravity of triangle); polygon 
thus constructed around hole No 1 of Fig 93 has twice as many sides as that of Fig 91 
Fig 92 shows construction applied to holes spaced on corners of sipiares. In this case, 
area of influence of each hole is a square {abed for hole No 1), the side of w^hich is the dis- 
tance between holes. For discussion of these principles, and application to jirisms of 
varying scalenity and to cases where check holes have been drilled in centers of regular 
blocks, see Bib (512). Another common method for irregularly spaced holes, for which 
aver values were computed by formula 1, at beginning of Art, is to consider 3 holes in 
closest proximity as edges of a triangular prism, the depth and value of which are averaged 
from those of the 3 bounding holes. In Tri-State field, the unweighted, arithmetical 
aver is employed for depth of prism, and values are weighted only in proportion to depths 
of ore in the 3 holes (323). This method is less accurate than that by formulas 2 and 3, 
wherein data of an individual hole are additionally weighted in proportion to the portion 
of the triangle nearest that hole; that is, to the area of the quadrilateral bounded by 
2 sides of triangle and their perpendicular bisectors (Fig 94). To avoid necessity for 
measuring or computing these quadrilaterals, C. E. Temperley (324) gives a diagram 
(Fig 95) for thus weighting each of 3 holes involved, requinng only a protractor meamiro- 
ment of angles. (Areas, however, must be ascertained for calculation of tonnage). Having 
measured the angles of the triangle, to find wt applicable to, say, A, enter bottom of 
diagram at point corresponding to larger of the 2 other angles, say, B; follow vertically to 
intersection with curve corresponding to smaller angle, C, and thence horiasontally to 
read wt on A in percentage. 

Specific gravity of ore, or cu ft per ton in place, must be accurately determined, since 
Any error will affect computed tonnage. This can be done by: (a) A single, good-sized 
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chunk, suspended by fine wire from a spring balance, may be weighed, first in air, and 
then submerged in water; wt, lb per cu ft, is then 62.5 X wt in air 4* (wt in air — wt 
in water) . (b) Apparatus simulating picnometer fiask of the physicist can be improvised 

with water pail and platform scale, and by using a 20-50 lb wt of coarse ore, representing 
aver grade, results are likely to be more accurate than those obtained on much smaller 
fragments (see Sec 1) ; wt in lb per cu ft = 62.5 X dry wt of ore -i- wt of water displaced; 



Fig 95. Weighting Factor for Any One of Three Adjacent Boreholes 

latter obtained by direct measurement or by difference, (c) Using a 500- or 1 (X)0-cc 
graduated glass cylinder, a known dry wt of fragments to 1-in diam is dropped into a 
previously noted vol of water in the cylinder, and expansion of vol is observed; wt in lb 
l)er cu ft IS then 02 5 X wt of ore in gm expansion of vol in cc. (Sec 1.) 

Mesabi estimates. (Data and drawings from J. F. Wolff, Mines d: Min, Feb, 1909.) 
Boreholes, topography, property lines, etc, are first located wdth respect to a system of 



Fig 96. Typical Meeabi Orebody 


coordinate lines at 100-ft intervals. From boring data 2 sets of vertical cross-sections, 
at right angles to each other, are constructed on a scale of 40 ft to 1 in. Analyses of 
samples placed on sections alongside holes make it possible to outline the layers of different 
grades of ore. Fig 96 shows in plan a typical orebody, on which 5 E-W sections and 
7 N-S sections are laid out. Fig 97 shows election FF of this orebody (sample analyses 
are omitted). From sections, a plan is made, showing superposed contours of surface 
and top and bottom of orebody. Usually, extension of ore beyond last hole in any sec- 
tion is arbitrarily set at a distance equal to depth of ore in that hole, and bottom of ore is 
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asaumed to be a line joining this point with bottom of hole. The 2 sets of sections are 
checked against each other, and from them, limits of orebody are outlined in plan (Fig 96). 
Three preliminary estimates are then made as follows: 

(а) Total tonnage is computed from area of orebody and its aver depth. To allow 
for w^ge shape of edges of orebody, the line marked limit of area for total ore estimate ” 
(Fig 96) is drawn half-way up the ^opes on margins of the orebody. Area enclosed by 
this line X aver depth of ore cu ft per ton gives total tonnage. Areas are measured 
with a planimeter, aver depth of ore is computed from borehole data, and cu ft per ton 
are estimated from tests and experience. 

(б) Stripping estimate. Proper berm distance is laid out between edge of orebody 
and toe of the bank of overburden; slopes of 1 : 1 or 0.75 : 1 are selected (depending on 
character of surface drift), and intersection of this slope with surface contour is platted. 
Aver area to be stripped (limit of area, stripping estimate. Fig 96) is taken as a line half- 
way up this slope. This aver area X aver depth of stripping -r- 27 =» cu yd of stripping. 

(c) Possible power-shovel tonnage. With the aid of sections and combined contour 
map, a system of tracks is laid out for operating shovels and ore trains. This gives shape 
and size of deepest possible shovel excavation. Elevation at which each borehole would 



Fig 97. Section FF on Fig 96 


be cut by this excavation is noted, and aver depth of ore taken out thus determined. This 
aver depth X area previously determined (total tonnage estimate) -h vol per ton gives the 
tonnage used for preliminary estimates. Final or detailed estimates are made as follows: 

(d) Graded-tonnage estimates for securing relative tonnages of Bessemer, non- 
Bessemer and mixed ore. Two methods are used. In composite-hole method, aver 
depth of ore of, say, Bessemer grade is first computed as arithmetical aver of depths of 
Bessemer ore cut in all holes within area of orebody. If a hole shows no Bessemer ore, 
it is included in the aver as zero. This aver depth X area (total tonnage estimate) -f- cu ft 
per ton gives total tonnage of Bessemer ore. Same calculation is made for other grades. 
Second and preferable method is shown by Fig 96. From cross-sections, the outlines 
of different grades of ore are worked out and plotted in plan, and planimeter measurements 
are made of the area of each grade at each horizon. From these areas and their respective 
aver depths, vol\ime of ore in each grade is computed. Plotting the areas of different 
grades is intricate work. In the example, the taconite horse, shown in secition FF (Fig 97) , 
cuts out roughly circidar areas from 2 ore layers. Such areas are measured and sub- 
tracted from total area of the respective grades in which they occur. 

(e) Graded-tonnage estimates and aver analysis. Tonnage estimates are made by 
the second method under {d). Aver analysis of ore in a grade is obtained by averaging 
drill-hole samples in proportion to their length (Eq 1 above) . Products of sample length X 
per cent are locally called foot units, which are computed for Fe, P, Si02, Al, Mn, 
CaO, and S, or for such of these elements as are desired. “If for each ore-bearing hole, 
foot units are computed for each grade and these results added together, the sums are 
respective total foot units for the grades in the orebody. Such sums are divided by 
respective total feet of samples to give average analysis for each grade of the orebody.” 
Ton units is the name given to the products obtained by multiplying tons of any grade 
by its aver analysis (in Fe, P, etc). Aver analysis of all grades in the deposit is the sum of 
ton imits for each grade -f- total tonnage of deposit (Eq 2 above). Complete summary (514). 

Porphyry coppers. Holes commonly spaced on corners of 2()6-ft squares. From 
borehole data, two sets of vert cross-sections are constructed at right angles to each other, 
and orebody is outlined on each. Usually there is some underground work to aid in this. 
A. J. Sale (60) recommends that sections be passed through diagonals of squares {AO, BF, 
DJ, El, etc. Fig 98), instead of on the sides {AJ, BI . , . AD, LE, etc), thereby increasing 
distance apart of holes in any section, but bringing sections closer together. Diagonal 
sections axe adjusted to agree at their points of intersection P. This method would tend 
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to greater accuracy in orebodies with irregular outlines. In any case, some crossHsections 
made through orebody at an angle to regular section lines are desirable, to detect errors 
and secure correct interpretation of borehole data. Where underground mining is to be 
done, sections do not show all irregularities, but are adjusted to outline an orebody of 
mineable shape. For orebodies of simple shape, estimates of aver value and tonnage cam 
then be made by Eq 1, 2, 4, above, taking depths Dj, Z >2 . . . , etc, as depths of ore in 
holes. It is usually better to make plammeter measurements of 

area of ore in each cross-sec, and use the prismoidal formula (Sec ^ ® ^ J 

36, Art 11) for calculating tonnage, taking alternate sections as i 

middle areas. Aver value of deposit is found as follows: Aver value ^ | 
of ore in each hole is first found by Eq 1 (see 
Where holes are equidistant, the aver value < 
obtained by combining aver values of holes in proportion to their 
depths. Where holes are spaced unevenly, their aver '' 
be combined in proportion to area of influence of each hole in plane 
of the section. For equidistant sections, S (section areas X their 
respective aver values) S (section areas) s»aver value of whole 
deposit. Where sections are spaced at unequal diatances, they 
should be combined in proportion to their vol of influence. Estimates made for both 
sets of sections should check each other closely. Usually no allowance is made in esti- 
mates for extension of ore beyond last hole in any section. 

At Hay Consol Copper Co’s property, holes were on corners of 20()-ft squares. Ton- 
nage and aver value of each 200-ft block were calculated separately, using data from 4 
corner holes. L. A. BlEWjkner (61) gives following example of calculation for a block having 
holes 251, 249, 267, 263 at the 4 corners, the area of rectangle fonned by these holes being 

84 404 sq ft: Sum of tons in each block gave 
total tonnage, which was checked by pris- 
moidal calculations from cross-sections. Aver 
assay of entire tonnage was obtained by com- 
bining aver block assays in proportion to their 
tonnage (see Table) . In disseminated copper 
deposits, values usually grade out gradually 
into rock on sides and bottom of orebody. 
In such cases, outlines shown by cross-sec- 
tions merely represent limits of profitable ore; 


as follows : Aver value » 1 J 

see beginning Art 11). 
ue of ore in a section is [ | | } 

1 ^n r.rr,rxortion tO thciP 

* values should ^ * 

h hole in plane 

Pig 98 



Block Calculation, Ray Cons Bfine 


Hole No 

Thickness 
of ore, ft 

Aver % 
Cu assay 

FtX % 

251 

90 

1.77 

159.30 

249 

345 

1.86 

641.70 

267 

100 

2 65 

265 00 

263 

80 

2 62 

209 60 

1 Total and aver 615 

2 07 1 

1 275 60 


Minimum net % used 

Fig 99 


Av thickness ore in block* 61 5+ 4 *= 153.75 ft. 
84 404X153.75+ I2.5(cuft per ton)* 1 038 169 
tons .\v value* 1 275 6+ 615* 2 07% Cu 


minimum assay varies with copper prices and with methods of mining and milling. Total 
tonnage in orebody increases as lowor-grado ore is included in it. A. J. Sale (60) gives a 
convenient method of analyzing these variables. Before averages are made, assays of 
drill samples are corrected for mill recovery, corrected values being called net per cents. 
Sots of sections are then constructed to include on margins of orebody ore having minimum 
net assays of, say, 1, 1.5, 2, 2.5, and 3% Cu. (This range of minima is for illustration only; 
min marginal grades of less than 1% are included in estimates at several porphyry coppers.) 
Estimates of tonnage and aver value (net mean grade) are made for each minimum net % 
used, and results plotted as shown in Fig 99. Curve of net production, in lb of copper, 
is computed from known points on curves of tonnage and net mean grade. Interpolations 
made on those curves show at once the effect of including ore of any minimum net grade 
between 1 and 3%. This device is of course limited to the special conditions outlined 
abov^e. See also Bib (513). 

In recent work at Utah Copper mine (Art 10-b) holes were drilled as nearly as practi- 
cable at corners of equilateral triangles with 400-ft sides; near margins of orebody, 200-ft 
spacing. Whole area was divided into 100-ft squares and each block, corresponding in 
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depth to proposed height of bench on that level, was estimated. Where a 100-ft block 
contained a drill hole, its aver value was taken as that of the hole between elevations of 
top and bottom of bench; value of a block containing no drill hole was averaged on basis 
of its distance from nearest adjacent holes. For modes of ascertaining boundaries of 
profitable ore, especially as to depth of capping, see Bib (119). 

12. EXPLORATION BY SHAFTS, TUNNELS, AND DRIFTS 

Underground exploration is undertaken where conditions prevent surface work, or 
where surface exploration gives no information as to underlying orebodies. Art 3 con- 
tains suggestions as to location of openings with respect to geology. General rules: 
(a) keep workings in the orebody; (6) do first work on best showings, to see whether or 
not they are superficial; (c) cost must be low, due to high risk involved. For selection 
of equipment, see Bib (616) and Art 13. 

Narrow veins are explored as in Fig 100. On each oreshoot, a small shaft has been 
sunk, following sinuosities of vein (see cross-sec AB), and drifts are run on each shoot. 



Depth at which drifting starts in such work is from 60 to 100 ft. It depends largely on 
depth of surface alteration and level of ground water, but is influenced by so many local 
factors that only general statements can be made. Good showings m the drift may bo 
explored with raises R or winzes W. In long oreshoots, raises may be put up at regular 
intervals. Workings are sampled and estimates made of tonnage and value of ore 
exposed (Sec 25) as work progresses. At different times these figures, together with 

geol conditions, form a basis for judgment 
as to whether: (a) prospect should be aban- 
doned; (6) further exploration is warranted, 
and, if so, its amount and character; (c) net 
value and amount of ore proved and whether 
probabilities for extensions are sufficient to 
warrant systematic development and equip- 
Fig 101. Longit Sec in Plane of Vein ment for the jiroperty. Further exploration 

would consist of deepening shafts and driv- 
ing other drifts at intervals of 60 to 100 ft. Wide veins are explored by same general 
methods, but crosscuts are driven from wall to wall at regular intervals to determine 
width, character, and value of ore. 

Veins outcropping across a ravine may be explored with drift tunnels and raises 
(Fig 101). Tunneling in general is cheaper than shaft sinking; the workings dram 
themselves, and hoisting is avoided. With steep topography there is great temptation 
to drive crosscut tunnels to intersect an orebody in depth (Fig 6, Art 1), lateral exploration 
being done by drifts, raises, and wmzes as before. This involves a higher risk than w’here 
workings follow the orebody; the latter may be cut m a pinch and not be recognized; 
faults, and changes in dip or strike may cause the tunnel to miss the orebody. Large 
amoimts of water occurring near surface may justify use of crosscut tunnels for early 
exploration. Difficulties of such work should be recognized; tunnels should not be far 
apart and there should be money enough to continue work, if orebody is not cut at point 
calculated from its surface dip. 

Beds which outcrop are explored by drift tunnels, slopes, or crosscuts. Vert shafts are 
sunk to reach beds, fiat deposits, and masses which do not outcrop. Where overburden 
is alluvium, test pits are located on corners of squares (Art 4, 6, 6). If such orebodies lie 
under a rock cover, exploration usually consists of one or more vert shafts, from which a 
series of drifts and crosscuts are driven to outline the orebody at different levels; raises 
extending to the capping above determine vert extent of ore. 
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Exploration vs systematic development. There is no sharp separation between the 
two activities. Drifts and other openings for exploratory work are of small cross-section. 
Drilling is usually done by hand, and windlass or whim is used for hoisting. Power hoists 
improvised from automobile engines are economical when shafts go deeper than 50-75 ft. 
Portable gasolene-powered compressors are useful. Expenditure for more elaborate 
plant is not made until justified by results of work. For cost and speed of driving small 
drifts, tunnels, and raises, see Art 20, 21; for cost of shafts, see Sec 7. Factors governing 
choice of different openings are as given in Art 15, 16. It is desirable to plan and locate 
exploratory openings with reference to possible future development, but this should be 
subordinated to the primary object of exploration, as defined in Art 1. 

R58um5. (a) Main objects of exploration are to reduce mining risk, lessen cost of devel- 
opment, and increase profits of mining by obtaining information upon which intelligent 
plans of work may be based. (6) Cheapest and quickest methods of obtaining this informa- 
tion are by sui face exploration and by boreholes. But, in many cases, underground explor- 
ation is necessary and cannot be neglected, (c) Underground work at first should be so 
conducted as to obtain information even at expense of making special excavations of no 
value for mining purposes. Underground exploration should extend far enough in depth 
to prove character of the unaltered deposit below the zone of surface action, or to prove 
existence of a sufficiently large body of altered mineral for mining operations, (d) Explora- 
tion, surface and underground, should be pushed far enough to determine the character 
and extent of irregularities in thickness and in richness, and to obtain some idea of loca- 
tion and distribution of workable areas and their relations to areas of barren and unwork- 
able ground, (e) Numlxir of openings made in the deposit, as shafts and drifts, will 
depend on local conditions. In deposits of irregular and uncertain character, openings 
should not be so far apart as to permit large areas of barren or unworkable ground to 
escape detection. (/) If necessary, crosscuts or boreholes should be driven at intervals, 
to search for and prove parallel beds or fissures, or to prove the deposit itself if wide or 
thick, (g) Assays should be made from time to time on carefully taken aver samples, 
and these, if required, may Ixj supplemented by working tests on lots of representative ore. 
{h) Exploration and development should be pushed far enough to make sure that there is 
sufficient mineral to warrant erection of a permanent plant, and far enough to determine 
all questions affecting profitableness of the enterprise. On the other hand, unnecessary 
exploration or over-development must be avoided. H. S. Munroe (64). 


13. EQUIPMENT AND FOOD SUPPLY FOR PROSPECTING 
AND EXPLORATION 


Surface work. Following is a list of tools and supplies for 4 men doing surface exploration 
in Nova Scotia (Art 6) (24): 


12 picks 

6 long-handled, ronnd-point 
shtnels [shovels 

2 short-handled, round-point 
1 stone hammer 
1 striking hammer 
1 blacksmith’s hammer 
1 crowbar 
1 piospecting pick 
1 handsaw' 

1 blacksmith’s file 

2 saw tiles 


1 cold chisel 
1 pi tongs 
1- 11/2-in auger 
1 brace 

1 flaming chisel 
1 water barrel 
1 portable forge 
5 shoit drill steels 
1 single jack (hammer) 

1 cleaning spoon 

2 axes 

3 pails 


2 gold pans 
1 tub 

1 pocket lens 

1 compass (surveyor’s or geologist’s) 
100 lb mixed 51/2-in and 7-in nails 
25 lb 3V2-in nails 
1 claw hammer 
50 ft 1-in hemp rope 
1 hoisting bucket 
1 windlass 

1 diaphragm pump, 2V2-in suction 
1 combined anvil and vise 


In addition; repair parts for pump, l-in lumber for general purposes; lV2‘m lumber for cribbing 
test pits, enough dynamite, fuse and caps for, say, 20 shots: S/g-m round iron, hoop iron, camping 
and cooking outfit for 4 men; 1 month's provisions. 

Prospecting, Quebec gold belt. Following supplies were suggested by Frische in 1925 (504), 
for each man prospecting in Quebec gold belt; Clothing — 1 complete outfit, including topboots, 
waterpioof pants and coat, 1 suit underwear, 1 duck shirt, 3 pr heavy woolen socks, 1 pr duck pants, 
1 roll-neck sweater, 1 towel, 1 pr light canvas shoes, 1 rubber sheet, 2 pr 8-1 b blankets, 1 mosquito 
bar. Tools — 1 pick, 1 shovel, 1 Hudson Bay axe, 1 geologist’s pick, 1 long-handled striking hammer, 
1 blacksmith hammer, 1 gold pan, 1 mortar and pestle, 3 drills, 8/4-in steel of different lengths, 
dynamite, fuse and detonators. Miscellaneous — Tent, canoe, paoksack, map, compass, linen tape 
(66 ft), magnifying glass, blowpipe, w’atoh, jack-knife, fish-hooks and line, toilet kit, first-aid kit, 
candles, matches, soap. Cooking Utensils — 1 frying pan, 1 coffee pot, 1 plate, 1 tin cup, 1 knife, 
1 fork, 1 spoon, 3 tin pots with cover and bail, 1 large tin pail, 1 can opener, 2 bread pans, 1 large 
mixing spoon. 
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Fnsehe alao compiled following 
from aver of several parties m Que- 
bec gold belt, figures being on a 


man-day basis (504). 

Flour 

0 76 lb 

Bacon , 

0 50 ** 

Beans 

0 25 “ 

Sugar 

0 40 “ 

Rice and barley 

0 15 ** 

Desiccated eggs 

0 15 ** 

Macaroni 

0 10 ** 

Oatmeal 

0 10 “ 

Cornmeal 

0 12 *' 

Dried fruit 

0 25 “ 

Butter 

0 08 “ 

Lard 

0 03 “ 

Cheese 

0 05 “ 

Tea 

0 025“ 

Coffee 

0 01 “ 

Cocoa 

0 01 “ 

Raisins 

0 04 “ 

Jam and marmalade 

0 03 “ 

Syrup 

0 03 “ 

Salt 

0 033 ** 

Pepper 

Baking powder 

0 01 “ 

Per man-day 

3 048 lb 

Milk 0 25 qt per 

man-day 

Oxo 0 10 cube** 

“ “ 

Yeast cakes 3 pkg per summer 

Soda 2 ** “ 

.4 

Powdered jelly 12 “ ** 

1 4 4 

Mustard . 1 “ *' 

1 44 

Total cost per man-day 
in 1925 

$0 67 


J y Murdoch, m 1038, gives following list of tools pro- 
vided for 4-months' work by 5 men described in Table 3 and 
text, Art 7 1 prospecting pick, 3 rock picks, 3 grub-hoes, 

2 round-point shovels, long handle, 2 same, short handle, 
2 striking hammers (7-lb), 1 hand saw, 1 cross-cut saw, 
1 buck-saw with extra blade, 4 axes (2 5-lb), 6 saw files, 
6 flat files (10-in), 1 Buffalo blower, 1 anvil (20-lb), 1 pr 
tongs, 30 ft 7/g-in hex drill steel, 12 moils, 1 cleamng spoon, 
1 pail for tempering, 1 pointed steel, 6-ft, for testing depth of 
overburden, 1 grindstone, 2 bags blacksmith coal 

Balanced diet for prospectors Following list is recom- 
mended to last 1 man a week (16) 


Evaporated milk 3 1-lb cans 

Potatoes 2 lb 

Other fresh vegetables 4 “ 

Citrus fruits (3 lb) or apples (or eqmvalent dried fruits) 6 “ 

Dry beans 3 “ 

Cereals (or whole-wheat flour) 6-8 “ 

Smoked meat 2 6“ 

Sugar 3 “ 

Coffee 1 “ 

Salt 1/4 “ 

Butter 1/2 “ 

Baking powder 


If water must be earned, 10 gal will suffice 1 man for 
drinking and cooking for 3 days in hot weather, or about a 
week in cooler weather 


Northern Ontario. A J Keast and C F Jackson (325) give detailed costs of erecting and 
equipping a camp for 60 men on preliminary development of Central Patricia, 100 miles N of Savant 
Lake (Can Nat Ry) Ontario, in 1930 Lumber was sawn on property, sand and gravel were avail- 
able for concrete All other materials hauled 120 miles by tractor and sleds at 71^ per ton-mile 



Building 

Equip- 

ment 


Building 

Equip- 

ment 

Size, Ft 

[ Cost 

Cost 

Sixe, Ft 

Cost 

Cost 

Bunkhouse 1 

18 X 20 

$218 

$246 

Storehouse 

24 X 28 

$1 060 

$498 

Bunkhouse 2 

20 X 30 

875 

1 155 

Powder magazine 

18 X 30 

633 


Bunkhouse 3 

16 X 18 

155 

76 

Thaw house 

8 X 10 

196 


Bunkhouse 4 

32 X 20 

316 

258 

Cap and fuse house 

8 X 10 

157 


Cook house 

50 X 24 

1 694 

513 

Pump house 

8 X 10 


944 

Ofl&ce and residence 

24 X 24 

766 

39 

Water tank, 10 000 


1 

1 


Two small root houses 


854 


gal 


1 541 


Meat house 

24 X 30 

613 


Stable 

10 X 10 

176 

441 

Ice house 

12 X 14 

115 


Tractor garage 

10 X 16 

285 


Blacksmith shop 

20 X 28 

673 

2 986(a) 

Drafting office 

6 X 18 

220 


Power house and hoist 




Headframe, 40 ft 




room 

80 X 28 

2 115 

36 960 (6) 

high 


1 411 

272 

Dry-house 

18 X 28 

854 

157 

Sawmill 



2 228 

Assay office 

16 X 28 

630 

1 641 

Elertnc-light plant 



1 083 


(o) Including steel sharpener, $2 553 (b) Hoist, compressor, and two 110-hp boilers with 

feed-water heaters and pumps, cost installed given 


Development from Mch 5 to Sep 20, 1930, included 500 ft of 6 5 by 16-ft shaft, with 4 shaft 
stations and sump 1 776 ft drifting, 1 019 ft crosscutting Hoadmaking, surface exploration, 
and some diamond drilling were done the previous year Total cost of buildings, surface and 
underground equipment, including some items not listed above, $89 $54 

Underground exploration, Montana R H Sales furnished following list of supplies and equip- 
ment for a crew of foreman, 4 miners and cook working in Flathead Co, Mont, from Deo 1, 1913, to 
May 15. 1914 They drove 556 ft of tunnels and crosscuts, and sank a 4 by 6-ft shaft 32 ft, using 
a windlass. Rock, soft porphyry, no water, no timbering required Wages foreman, $5, miners 
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on tunnels, $3.50; on shaft, $4. Two frame shacks were built, each requiring 1 000 bd ft of lumber. 
Total cost, labor, supplies, and equipment, about $5 500. The list was made by a man of wide 
experience in this sort of work in the NW and includes no unnecessary items (see also Bib 326). 


Mining tools and supplies 

1 prospecting hammer 

2 4-lb striking hammers 

1 7-lb “ hammer 
18-lb “ 

3 18-in hammer handles 
6 36-in 

3 long-handled round-point 
shovels 

3 5-lb drift picks 

4 41/2-lb “ “ 

12 pick handles 

1 all-steel wheelbarrow 

200 lb 7/8-in drill steel 

6 lb 3/8">n mild steel 

19 lb 6/8-m round iron 

600 lb 40% gelatine dynamite 

200 lb 60% 

4 200 ft fuse 
1 100 6 X caps 

3 boxes candles 

60 ft Vs-in manila rope 
1 5-lb wedge 
1 7-lb ' * 

Mine car and rails 

Small supplies 

1 keg lOd nails 

2 lb 3d 
lOlbSd 
6lb20d 

30 lb 40d • ‘ 

2 pair 4 by 4 steel butts 
2 door locks 

4 1/4 by 1 V4-in carriage bolts 
15 gal kerosene 

1 qt Boston coach oil 

Miscellaneous 
1 whiskey barrel 
4 dinner buckets 
1 lantern 

1 No 8 Admiral stove 
1 No 1 c Columbia heater 

1 No 2 c Columbia heater 
14 joints 6-in stove pipe 

2 joints 6-in stove pipe, with 
check draft and dampers 


Miscellaneous (ConU) 

1 tent 12 by 14 ft, 12 os 
1 No 1 galvanised-iron tub 
1 zinc washboard 

1 Keystone clothesline 

2 6-in tent flanges 

3 pkg 6/3 brass shoe nails 

4 “ 4/8 C H Hung nails 
1 cobbler set 

3 pair half soles 

3 ‘ ‘ heel lifts 

1 wash bowl 

1 8 by 10-in mirror 

1 8-in scrub brush 

1 yd 48-in canvas 

1 sq 2-pIy Rubcroid roo6ng 

1 Vs-pitch tin roof jack 

2 yd 36-m oilcloth 

25 bars common soap 
10 bars hand soap 
Medicine chest 
Blankets 

Blacksmith's tools and supplies 
1 pair No 1 blacksmith tongs 
1 pair GAD tongs 
1 cold cutter 
1 40-lb blacksmith vise 
1 No 2 blacksmith hammer 
I 70-lb anvil 
1 No 400 blower 
1 hardy 
1 hot cutter 
600 lb blacksmith coal 
1 bottom swage 

1 10-in flat file 

3 6-in taper files 
3 8-in M B files 

2 10-in M B files 

1 metal worker’s crayon 
1 10-in wrench 

Carpenter's tools 

1 No 3 hand axe 

2 Jennings bits, I/2 and 1-in 
1 saw set, No 12 

1 10-in wood rasp 
1 4-ft, 1-man Sinionds saw 


Carpenter's tools (Con't) 

1 6-ft crosscut saw and extra 
handles 
1 4V2"D B axe 
1 33/4-S B axe 
1 1 5-in framing chisel 
1 level. No 50 
1 steel square, No 14 
1 10-in brace 
1 26-in hand saw 
1 clawhammer 
1 iron jack plane. No 5 
1 22-lb grindstone and hangers 
1 adse and handle 
1 No 60 axe stone 

1 No 11 mason’s line 
4 pieces blue chalk 

Cooking utensils, tableware 
4 frypans, Nos 2, 4, 6, and 7 

2 dish pans, 14 and 21 qt 

2 8-qt milk pans 

3 drip pans, 15, 20, and 21 in 

1 1-qt pudding pan 
6 2-qt pudding pans 

4 4-qt pudding pans 

3 preserve kettles and covers 

2 large saucepans and covers 
1 coffee pot 

1 tea pot 
1 tea kettle 
1 pitcher 
1 dipper 

1 20-in butcher saw 
1 10-in butcher knife 
1 12-in butcher steel 
1 kitchen knife 
1 cake turner 
1 ciist griddle 
1 can opener 
1 coffee grinder 

1 12-qt galvanized iron pail 

2 14-qt “ “ “ 

12 10-in tin pie plates 

12 each, plates, cups, saucers, 
soup bowls, teaspoons, table- 
spoons 

24 knives and forks 
1 1-pt syrup pitcher 


Provisions (65). Weight of rations, calculated to have sufficient food value to allow men to 
work and keep healthy, vanes from 3.3 to 4.4 lb per man per day; actual consumption in mining 
camps 18 often 6 to 7 lb per man-day, difference being largely due to waste. D. E. Woodbridge has 
found by experience that supplies in the following list are suitable for remote regions and properly 
proportioned to come out even. Figures are in lb per man per month; wt, 3.3 lb per man-day. 
Where game is plentiful, cut down on ham and bacon, double the quantity of salt, and add onions and 
evaporated vegetables. 


Lb 


Flour, cornraeal, hardtack, rice, grits, 
oatmeal, or similar foods, at least two- 
thirds of which should be flour prepared 

for self-raising 42 

Clear mess pork, bacon, and ham, say 

one-half pork 27 

Beans and split peas, two-thirds beans . . 7 

Sugar 6 

Evaporated fruits, moetly apple 4 


Lb 


Butter 3 

Canned milk 2 

Cheese 2 

Tea, coffee, and chocolate 2 

Salt, pepper, celery salt, mustard, two- 

thirds salt .... 8 

Baking pow'der, if self-raising flour is not 

used . 1 

Bottle of lime juice 


Other BALANCED RATIONS foF prospectors in the West and SW are given in Bib (327); cost 
averaged about 50^ per man-day, which is about a minimum for healthful subsistence. 

The old U S Armt ration per man-day was; Bacon or pork, 12 01 (or fresh beef, 22 oa);- soft 
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bread or flour, 18 oz (or hard bread, 16 oz, or cornmeal, 20 oz). Following were also issued per day 
to 30 men: Beans or peas, 5 lb (or rice, 10 lb); sugar, 5 lb; vinegar, I qt; soap, 1 lb; salt, 1.5 lb; 
pepper, 1.25 oz. U S Forest Service recommends following list to serve 1 man 30 days; fresh 
meat, additional, to be purchased locally: 


Bacon, salt . . . . 

... 2 lb 

Oatmeal 

.. 6 lb 

Sauerkraut. . . . 


Bacon, smoked. . . . 

... 10 “ 

Onions 

.. 5 “ 

Spinach 


Baking powder. . . . 

. . . 1 “ 

Pepper 

.. 1/4“ 

Tomatoes 

6 “ 

Baking soda 

... 1/2“ 

Potatoes 

.. 15 “ 

Green Chili 

3 “ 

Beans 

... 5 “ 

Raisins 

. . 2 “ 

Chili powder. . . 

. 1 small bottle 

Butter 

, . . 2 “ 

Rice 

. . 3 “ 

Jam 

. . ... 1 jar 

Cheese 

...1 1/2 “ 

Salt 

.. 1 “ 

Syrup 


Coffee 

... 4 “ 

Sugar 

.. 12 “ 

Candles 

. . . . 6 

Dried fruit 

... 9 “ 

Corn 

6 cans 

Matches 

. . 2 large boxes 

Flour 

... 24 “ 

Evap milk (tall) . . . 

.. 10 “ 

Soap, laundry. . 

1 cake 

Shortening fat. . . . 

... 4 “ 

Peas 

. . 6 “ 

Soap, hand. . . . 

1 “ 


D. J. Williams (328) gives following list of provisions consumed in 30 days by crew of 2.5 men 
working for the Hirst-Chichagof Co, at Juneau, Alaska, in 1930. The more important staples are: 


Apples and apricots 


Rolled oats 

. 18.8 lb 

Reef 

632.0 lb 

evap ... 

18.7 lb 

Salt 

48.0 “ 

Pork . ... 

159.6 “ 

Prunes and figs, evap 

37.5 “ 

Shortening fats . . 

. 60.0 ‘ ‘ 

Bacon 

85 1 “ 

Baking powder and 


Macaroni, spaghetti 

. 17.6“ 

Ham 

134 8 “ 

soda 

5.0 “ 

Sugar . 

. 416.3 “ 

Canned fruits (lO's) 

89 tins 

Beans, dry 

43.8 “ 

Tea 

2 0“ 

Canned vegets (lO’s) 

72 “ 

Peas, dry 

11.5 “ 

Yeast 

4 0“ 

Cond milk (tall) . 

400 “ 

Butter 

105.0 “ 

Cabbage 

. 104 0 “ 

Sardines (Ifi’s) 

29 “ 

Cheese 

20.0 “ 

Carrots 

. 79 0 “ 

Soap, nhite 

71 bars 

Coffee 

70.1 “ 

Onions 

. 100 0 “ 

Crackers 

10 lb 

Flour, white 

475.0 “ 

Parsnips 

. 30.0“ 

C ereals, dry 

40 “ 

Flour, graham 

16.7 “ 

Potatoes 

. 558 3 “ 

^ inegar . ... 

4 1/2 qt 

Raisins & currants. .. 

15 0 “ 

Turnips 

50.0 “ 

Salad oil 

1.7 “ 

Rice 

12.5 “ 

Eggs 

. 130 doz 



Principal additions to above 

spices, condiments, and flavoring extracts. Gross wt averaged 


7 lb per man-day. Bib (328) also gives size and Ht of standard packages. 


At Iron Mt, Idaho, 20 men, including cooks, consumed follov^ing supplies during 4 winter 
months. Fresh vegetables gave out and canned good.s were used Double the amount of cabbage, 
turnips, parsnips, and one-half more onions and carrots should have been provided. 


Fresh beef ... . 

. 2383 lb 

Salt .. 

105 lb 

Molasses . . . 

2 gal 

Fresh pork ... . 

581 “ 

Dried peaches. . . 

30 

Jelly 

3 buckets 

Fresh mutton. . . 

.167 “ 

Dried apples. 

65 

Vinegar 

6 gal 

Fresh fish 

.100 “ 

Dried apricots . 

50 

Baking powder. 

8 Ig cans 

Fresh chickens . 

. 112 “ 

Dried prunes 

100 “ 

Pickles 

1 keg 

Fresh eggs 

. 69 doz 

Raisins 

150 “ 

I.ard . . . 

25 lb 

Case eggs 

. 6 cases 

Condensed milk. 

23 cases 

Catsup 

1 gal 

Ham 

. 472 lb 

Canned corn 

3 

Tea 

30 lb 

Bacon 

. 258 ‘ * 

Canned tomatoes 

5 

Chocolate . 

5 “ 

Butter 

. 330 “ 

Canned peas. 

5 

C’ocoanut. . 

6 “ 

Flour 

. 29 sacks 

Canned peaches . 

1 case 

Soda . . 

2 “ 

Graham flour. . . 

60 lb 

Canned pears 

1 

Yeast foam 

10 pkg 

Com meal .... 

. 2 1/2 sacks 

Canned pumpkin. 

1 

Cornstarch 

6 

Coffee 

. 322 lb 

Canned oysters. . . 

1 

Chowchow 

8 qt 

Potatoes 

. 40 sacks 

Maple syrup . . 

3 cases 

Pepper sauce. . 

2 bot 

Carrots 

. 200 lb 

Crackers . . . 

4 

Currants.. 

9 pkg 

Turnips 

. 100 “ 

Macaroni 

. 3 

Hominy 

20 lb 

Cabbage 

.200 “ 

Cheese 

. 77 1b 

Matches 

1/2 case 

Onions 

.248 “ 

Sugar 

. 9 sacks 

G 8 soap 

1 “ 

Parsnips 

. 100 “ 

Oatmeal 

.3 

Tar soap . . . . 

1 “ 

Apples 

..600 “ 

Beans 

. 1 1/2 sacks 

Ivory soap 

1 “ 


H. L. Carr, in prospecting placer gravel in Guatemala (work very heavy, negro labor, isolated 
camp), found weekly food consumption per man as follows: 



Black beans 

. 1 41b 

Lard 

0.5 1b 

Coffee 

.... 0 3 lb 


Plantain 

.30“ 

Flour 

6 0“ 

Salt. . . 

... 10“ 

t 

^Ground provisions 


Rice 

2 1“ 

Baking powder... 

... 0.17“ 

'r 

(sweet potato, cas- 
sava, etc) 

. 3.0 “ 

Sugar 

1.3 “ 

Beef, live wt 

..10 to 15 “ 


Menu was designed to attract and keep labor; beef, salted and dried immediately after killing. 
Wbrk dond between April and July. (See also Tran* AIMS, Vol 29, p 157.) 
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14. GENERAL 

Systematic development. Purposes: (a) to provide openings for storing and trans- 
porting mineral; (6) to obtain further and more detailed information aS'to character and 
size of orebody. Relative importance of these functions depends on type and size of 
orebody; the second is more important in orebodies of irregular shape and tenor, and iii 




general during early stages of development. Two problems are presented: mode op 
ENTRY, which involves a decision between vert or inclined shafts, drift or crosscut tunnels, 
or a combination of these, for reaching the orebody from surface, and lateral or bub- 
BiDiART DEVELOPMENT, which deals chiofly with workings within the orebody. 

Modes of entry for pitchinq veins are (Fig 102) : a vert shaft CD started in hanging 
wall; a footwall vert shaft AE; a footwall inclined shaft AB] or an inclined shaft OH, 
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in the vein. Except in the last case, crosscuts are necessary at intervals to reach the 
vein (Art 19). A vert shaft is the correct mode of entry for flat or vert deposits, lying 

under flat topography (Fig 103, 104). 
In MOUNTAINOUS REGIONS, entry to 
veins or other deposits may sometimes 
be made by crosscut tunnels (p. Fig 5) 
or drift tunnels (Fig 105). Fig 106 
shows entry to a massive orebody, by 
both vert and inclined shafts. It is 
common to find 2 or more openings of 
the same or different kinds on a single 
orebody (Art 15 to 18). 

Lateral development. Fig 105 and 
107 show typical forms for veins, 
independent of mode of entry. Drifts 
d, in the vein, are connected by raises 
Development in thin beds is similar; 
the ore is divided into blocks by drifts roughly at right angles to one another. Fig 108 



Fig 108. Bedded Deposit, Leadville, Colo 

shows development in a bedded deposit, 10 to 25 ft thick; drifts outline the orebody in 
plan, raises give its vertical extent, and both are used later in connection with sloping. 


Fig 109. Massive Deposit, Bingham, Utah 

109 shows somewhat similar development of an irregulaf massive deposit (66). 
Methods 1of mining exert a dominant influence on mode of lateral development, especial)^ 





Fig 107 


following the vein from level to level (Art 19). 
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in large orebodies (see Art 19 to 23) . In general, lateral development divides an orebody 
into blocks, the edges or comers of which afford numerous points of attack and the 
tonnage and value of which may be computed; the openings also outline payable areas 
and aid ventilation and drainage. 


16. CHOICE OF MODE OF ENTRY 

Openings in orebody vs those in country rock, (a) Ores are often softer than adjacent 
country rock; if so, it is cheaper and quicker to make openings in them,' but cost of main- 
tenance in soft ground may outweigh this advantage, (6) Openings in the deposit have 
an exploratory value; chance of losing orebody is reduced, (c) Mineral extracted may 
pay part of cost of work. These advantages are greater when funds are limited and 
preliminary exploration has not been thorough. Crosscut tunnels and vertical shafts 
are in country rock; drift tunnels follow orebody and allow sloping to start at any point. 

Inclined shaft in orebody vs inclined shaft in footwall. Inclined shafts for large 
tonnages must be straight. Gradual changes in dip are allowable, but if numerous or 
sudden they increase hoisting cost and decrease shaft capacity by limiting hoisting speed. 
A straight incline can not be sunk in a deposit of irregular dip; at some point it must 
extend into country rock. Hence, in such orebodies the footwall location {AB, Fig 102) 
is generally preferable for large shaft capacity. For small output, a straight shaft is less 
important, and the exploratory value of a shaft in the deposit often recommends its use. 
In fairly regular deposits, large outputs can be handled through shafts in either location; 
choice 18 then baaed on other factors (see below). 

Michigan copper mine practice (67, 68, 486, 487, 488, 489). The native copper occurs 
in conglomerate and amygdaloid beds; dip in northern part of district is 37° to 42°. 
Operators differ as to which shaft location is better. Advantages of footwall shaft: 
(a) Bins for loading skips can be placed direcUy over the shaft, and for the most part are 
cut in ore; this advantage disappears if skips are loaded direct from cars, as is done in 
many mines. (6) Leas timber is required in upper part of a footwall shaft than for a shaft 
in the vein; hence, there is less danger from fire. Fire is prevented by substitution of 
concrete and steel supports for timber, (c) Footwall location obviates necessity for shaft 
pillars, which must be left on each side of a shaft sunk m ore, and which tie up large 
amounts of ore during life of shaft. Mining operations may throw great pressures onto 
shaft pillars, and, if a “creep” starts, it may destroy the shaft. Disadvantages op 
FOOTWALL shaft: (o) it costs more to sink; (6) it requires crosscuts and stations cut in 
rock; (c> it produces no ore while sinking and gives no information as to character of the 
deposit. Some footwall shafts cost more to maintain than those in the vein and vice versa, 
depending on local characteristics of rock and ore; most shafts have been sunk in the lode. 
It is an open question whether in new mines a small shaft should not be sunk in the vein, 
and lateral work carried on from it far enough to prove the orebody. The working shaft 
could then be raised simultaneously from several levels, and placed in vein or footwall 
in the light of information obtained. 

Tunnels vs shafts. Drift and crosscut tunnels can be driven faster and cheaper than 
shafte. Wet ground increases this advantage, as a tunnel drains the overlying ore and 
eliminates pumping. Hoisting plant also is not required until operations extend below 
the tunnel level. 

Crosscut tunnels prospect the country rock and may disclose parallel deposits (Art 3). 
Drift tunnel is usually preferable, if a choice exists. Risk involved in driving crosscut 
tunnels is higher than fer other methods of entry; it increases with length of tunnel and 
its depth below known ore. It is unwise to begin development with a long crosscut before 
exploration has shown an adequate tonnage of ore, and either proved or given strong 
geological evidence of its extension to the tunnel level. 

Several long and deep crosscut tunnels have been driven, to provide drainage and eco- 
nomical transportation for groups of mines. They are justified when the saving on 
known orclxidies will amortize cost of tunnel at a profit during life of properties affected. 

Drift and crosscut tunnels serve mainly for extraction of ore lying above them; shafts 
must be sunk from tunnel level or from surface to develop deeper portions of a deposit. 
Internal shafts require large excavations for hoisting plant, and the latter must be operated 
by elec or compressed air; underground hoists, however, are increasingly common. 
W'hen steam hoists are used and power is generated at the mine, saving is effected by pl^ 
ing the hoist on surface close to boiler plant. Combined cost of tramming and tran^erring 
ore to tunnel cars is often more than cost of hoisting the extra distance to surface. Ques- 
tions of convenience in handling ore on surface may modify choice of method. Hoisting 
plant on surface, but delivering loads to a tunnel at some distance below, is a frequent 
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^rangemez^t in rugged country. Tunnels preserve their drainage function after mining 
tbove them has ceased; surface water may be intercepted at the tunnel level, and the 
lead on pumps at lower levels is reduced by difference in elevation between collar of shaft 
,nd tunnel level. Saving in pumping may warrant the cost of a new and deeper adit, or 
he driving of a tunnel to tap workings already opened by a shaft, even though the tunnel 
s used for drainage purposes only. Length of such a tunnel which it will pay to drive ■* 
present value of total saving in pumping cost during probable life of mine cost per ft of 
unnel; for example, with power @ $60 per hp-yr, cost of tunneling @ $20 per ft, and a 
0-yr life, it will pay to drive 600 ft of tunnel per 100 000 gal water per day per 100 ft 
lead saved. For recent examples of long drainage tunnels, see Ojuela, Trepca, and 
Ialk 3 ai, Art 20 and Bib (483, 484, 498). 

Vertical vs inclined shaft. A t 3 rpical example requiring a decision between the two 
inds of shaft arises in case of a pitching vein, as in Fig 102. An inclined shaft is generally 
unk in footwall (AB). Vert shaft may be at CD or AE; either location requires more 
rosscutting than the inclined shaft, and from this standpoint the inclined shaft has an 
dvantage which varies with dip of vein and with depth; this advantage is partly offset 
•y the greater length of incline required to reach a given level. Shaft AE always requires 
lore crosscutting than CD; for CD, the total length of crosscuts is a minimum when 
'F ** FD. Depth CD must be assumed in comparing merits of alternative locations, 
'actors to be considered are : 

(а) First cost. Vert shafts cost more or less per ft than inclined shafts, according to 
>cai conditions and the way in which ground breaks. Sometimes drill holes in one or the 
ther can be placed to take advantage of planes of weakness, thereby increasing speed and 
ecreasing cost. Sinking very flat inclines resembles drifting; they usually cost less per 
i than a vert shaft of same cross-sec (see Sec 7). Cost per ft of crosscutting (Art 20) 

I same for either mode of entry. A comparison of total costs is made by applying imit 
osts to total footage of the different openings involved. For given depth and unit costs 
f sinking and crosscutting, an angle of dip will be found at which the cost of hanging-wall 
tiaft CD (Fig 102) with its crosscuts is same as that of footwall shaft AD with its crosscuts; 
n flatter dips, an inclined shaft entry is cheaper, and vice versa. Critical angle m most 
Eises is about 70®. For all dips permitting a choice, a footwall vert shaft AE and its 
rosecuts cost most. 

(б) Cost of equipment. To reach a given level, vert shaft requires less hoisting rope, 
iping, wiring and timber, than an incline. Cost of surface plant is related to tyiie of 
tiaft in a very general way only; it should be determined for each alternative. 

(c) Cost of operation. Hoisting in vert shafts is usually cheaper than in inclined 
tiafts, because hoisting distance from a given level is leas; hoisting ropes last longer; there 
re no rollers to wear out and replace; rails, and skip wheels, axles and boxes are trouble- 
>me; expense of axle lubrication is avoided. As against this, aver length of tram to 
ertical shaft is greater; extra cost of tramming may more than compensate extra dis- 
mce to be hoisted in the inclined shaft. Comparisons of operating cost can be made in 
manner similar to those of first cost as outlined above. 

(d) Relative capacity. Danger of derailing the skip limits rope speed in inclined shafts to 
tax of 3 006-3 600 ft per min, which is possible only with straight shafts, good rolling 
pck and well built track. Rope speed in well constructed vertical shafts has reached 

000 ft per min; hence, they have a larger potential capacity for a given cross-sec. Large 
dps can be used in inclined shafts without material increase in cross-sec of shaft, and 
,rge outputs obtained in spite of lower hoisting speed. Hince the track supports a ixir- 
on of the load, the power for hoisting a given output may not be greater than in a vertical 
laft handling same output in smaller loads at higher speed. 

(e) Maintenance. Hanging-wall shaft CD (Fig 102) requires pillars of ore for support 
3tween points F and K. In weak ground or over thick orebodies, even if pillars are left, 
>st of its maintenance may eliminate it from consideration and limit choice to shafts A E 
' AB, which are unaffected by mining operations. Usually vertical shafts cost less for 
aintenance than inclines; in the latter, also, it is more difficult to set timber and keep it 
ahnement. Soft or running ground prohibits the use of inclined shafts. 

(/) Depth modifies the relative importance of the foregoing factors (Art 16). Deep 
irtical shafts, sunk in the early history of a mine, have same disadvantages as long cross- 
it tunnels. 

ig) Time. Extra crosscutting required by a vertical shaft may increase the time 

1 reach an orebody at a given level. This is important in planning development in small 
rebodies to keep ahead of mining; also in deep-level projects (Art 16). 
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16. FACTORS INFLUENCING METHODS OF DEVELOPMENT 

This article deals with the conditions commonly affecting both mode of entry and 
lateral development. It should bo noted that development methods are a compromise 
between many conflicting factors; local conditions often predominate in final choice. 

Topography. It is only in mountainous regions that a tunnel entry secures sufficient 
backs of ore to warrant its cost. Few important producers have been able thus far to 
avoid hoisting entirely. Fig 110 illustrates the futility of positive statements. While 
orebodies dipping less than 15° are 
best entered by a vert shaft, with 
topography as indicated by dotted 
line, an incline might well be justified 
(Art 18). 


LOKGIT SEC IN PLANE OF VEIN 
Fig 110 Fig 111 

Local geology has a marked influence in determining the position of dev^elopment 
openings where their exploratory function predominates (Art 3). Also, location of open- 
ings an<l mode of entry should Ixj planned to avoid danger and expense of passing through' 
faulted zones, water-l)caring strata, or Ixidies of quicksand, "which would increase main- 
tenance cost. Many largo mines maintain a geological staff; by cooperating with the 
mining department they can direct exploratory drilling, reduce total footage of develop- 



Fig 112. Central Copper Mme (Tongit Sec in Plane of Vein) 


ment work requirerl, and place the openings where they will have highest exploratory 
value and avoid bad ground. 

Location of oreshoota. Fig 111 shows a single large oreshoot having a fiat pitch in 
plane of vein. With shaft in position A B, length of drifts through barren ground increases 
rapidly with depth. Inclined shaft CD. if sunk in or under the orebody at an angle to 
the dip, will reduce amount of dead work; but, results of this plan are often disappointing, 
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ecause of the usual irregularities of oreshoots. From other standpoints, a choice of the 
wo methods is similar to that between vert and inclined shafts (Art 15). 

Fig 112 is an example of such work. The oreshoot lay in a narrow vert fissure, pitch- 
ig N across a series of conglomerate and amygdaloid beds, and passing into green- 
tone to the north. During first 6 years after discovery, 4 vert shafts were 8UccesHi^’eIy 
mk to the 120-ft level. Inclined shaft No 5 was sunk in the vein to shorten lateral haul- 
ge to shaft No 4, and to avoid sinking another vert shaft through greenstone where 
Bsure was barren and maintenance cost high; it also reduced surface tramming distance, 
'he incline, which was begun when shafts 2 and 4 were about 600 ft deep, bottomed the 
loot at between 700 and 800 ft; it was then abandoned and the shoot followed with shafts 
and 4. 

In case of a pitching oreshoot passing through the end line of a property, as at EF 
Fig 111), the problem of entry on the adjoining ground is like that presented by deep- 
(vel mines. Position of oreshoots largely determines position of raises, as they are kept 
i ore to provide points of attack and ventilation for stopes (Art 19). 



An example of awkward development, caused by the position of an oreshoot and lack 
f confidence in its persistence, is found at the Morro Velho mine. Fig 113. The oreshoot 
es in an almost vert vein; it pitches 46° at the surface, flattening to 19° at a depth of 
100 ft, and becoming still flatter and more irregular at 6 700 ft. The 2 264-ft level is 
cached by vert shafts from the surface. Below this, is a series of vert shaftrs sunk from 
innels as shown (617). In 1928, the 6 900-ft (No 24) level was working and develop- 
lent had started at 7 000 ft. In 1937, total depth was reported as 8 060 ft. 

Deep mines. Peculiar development problems arise where mining rights terminate at 
ert planes passed through surface property lines. Fig 114 illustrates conditions on the 
Land. Gold-bearing beds, locally called bssfs, extend to great depths. Dips vary 
reatly; in the central Rand, aver dip at outcrop is 60° to 60°, flattening to about 30° in 
epth. Properties worked from the outcrop are called outcrop mines; those covering 
djacent extensions on the dip are known as first row, second row, etc, of deep-level 
[INBS. There are 3 modes of opening a deep-level property underlain by an inclined 
eposit: (a) A vert shaft is sunk to the reef near the rise boundary, and continued as an 
icline in the footwall, the 2 parts of the shaft being joined by a carefully designed curve; 
Edled TURNED-VERTICAL Of compound shaft (XYZ, Fig 114). (6) A central vertical 

HAFT AB is sunk, and the reef reached by crosscuts, (c) An arrangement similar to (a) 
cceot that the vert and inclined oarts of shaft are not directlv connect^^. Inclined 
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shaft, operated by an independent underground hoist, delivers ore to pockets which 
feed skips in the vert shaft. This is stage hoisting (Sec 12). Fig 115 shows arrange- 
ment at Crown Mines, Ltd, Witwatersrand (71). 

On the Rand the turned-vert shaft has been common for first and second rows of 
deep-level mines, largely because it brings the mine to the producing stage quicker than a 
central vert shaft, thus saving interest charges on the large capital necessary to open and 
equip a deep-level property. Other advantages as compared with central vert shaft, are: 
saving in crosscuts and raises, 
and ultimate utility of shaft to 
any depth. Disadvantages: cost 
of extra length of inclined section ; 
slower hoisting, due to neces- 
sity for slowing down at curve; 
greater wear and tear on incline 
and on ropes, especially around 
the turn. From standpoint of 
first cost, choice is based on com- 
parison of inclined shaft YZ (Fig 
114) and vert shaft CB\ result is 
governed by dip (Art 15 j; the 
flat dips of the Rand obviously 
favor inclined shafts (20) . Some 
engineers fav'or the central vert 
shaft for all cases (for further 
detail and different points of 
\^ew, see Bib 30, 70, 72, 73). In 1937, several new vert shafts were in progress, expect- 
ing to cut the reef at 6 000 ft or more. In 1934, Robinson Deep was stoping at 7 600 ft 
and developing at 8 500 ft, vert depth, the deepest mine in the world. At 7 large Rand 
mines, aver depth advanced per year, 1917 to 1935, w.as 160 ft (195). 

Factors of reduced speed and increased wear on hoisting rope, etc, become serious as 
depth increases, and, combined with mechanical difficulties in deep hoisting, have led 
Hand engineers to favor stage hoisting for depths over 3 000 ft. If proper storage or 

rapid transfer is provided at transfer point, 
stage hoisting greatly mcreases the capacity 
of a shaft, since both parts of it can be hoist- 
ing simultaneously. Comparative costs of 
hoisting reported for turned-vert and stage 
hoisting are in favor of the former; this is to 
be exjiected unless depth is great and excess 
capac of the stag© system fully utilized. A 
turned- vert shaft can be converted to stage 
hoisting, as in case shown by Fig 115. For 
stnge hoisting designed for 7 (KK) ft depth, see 
Bib (516). See also Sec 12. 

Michigan copper region. Fig 116 shows 
approx property linos of a group of mines 
covering outcroi>8 of Calumet conglomerate 
and Osceola and Kearsargo amygdaloid beds. 
Dip of beds, 37° to 38°. 

Tamarack Co worked the underlay of the 
Calumet conglomerate through 5 vert shafts, 
ranging in depth from 3 409 to 5 308 ft. 
No 5, the deepest, cut the vein at 4 062 ft; 
bottom of aliaft was over 1 600 ft horizontally 
from the vein. From the bottom crosscut of 
No 3 shaft (depth 6 253 ft) an incline in the vein was operated by a compressed-air hoist. 
This was to save deepening the shaft and driving long crosscuts, which had high mainte- 
nance coat. Calumet & Hecla Co worked this conglomerate bed for length of 2 miles 
through 10 inclined shafts in the vein, deepest being 9 300 ft on dip (1937). There is also 
a vertical shaft, the Red Jacket, 4 920 ft deep, cutting lode at 3 287 ft, which handled 
copper rock from all northern shafts lielow 56th level; it hod crosscuts to lode on every 
third level from 36th to Slat. Tract lying between Tamarack Jr and Tamarack (Fig 116), 
about I 300 ft wide and 6 600 ft long was opened by an inclined shaft, 25 ft in footwall 
and sunk from 67th level. This shaft dips only 22°, due to position of property lines 
which forced the shaft to take a direction at an angle to dip of vein. Mine cars were 



r 
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Fig 115 



Fig 114. Outcrop and Deep-level Mines, Witwatersrand 
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hoisted in this shaft and transported mechanically 1 600 ft on 67th level to Red Jacket 
shaft. This plan saved a very deep and costly vert shaft. 

Lower half of Fig 116 is a projection of proi)erty lines on plane of Kearsarge lode, which 
outcrops as shown and dips 34° to 42°. Ahmeek Co opened its property with 4 shafts, 2 of 
which were sunk in the lode from outcrop. To develop northern part of property, where 
outcrop is owned by Mohawk Co, 2 shafts were sunk, starting on angle of 80°; at 980 ft, 
they curve on a 400-ft radius and enter the Kearsarge lode at 1 275 ft, on angle of 34°. 
There are 3 levels, reached by crosscuts, above point of intersection of shaft and lode. 
These 2 Ahmeek shafts start on surface close together, but diverge to N and W. 

Allouez Mining Co sunk 2 turned shafts to Kearsarge lode, starting from surface at 
angles of about 80°. Depths to change of angle are 1 435 ft and 2 307 ft; total depths 



3 544 and 3 407 ft (1915). 
Tamarack, Alimeek, and 
Allouez mines are con- 
trolled by Calumet & 
Hecla Co. The turned 
shafts were sunk in the 
light of experience gained 
from the deep Tamarack 
and Red Jacket vert shafts 
and their long crosscuts. 

Centennial mine has a 
small tract A (Fig 116), 
covering outcrop of Kear- 
sargo lode, and a right of 



way 100 ft wide connect- 
ing It with the largo under- 
lay pioperty shown. Due 
to these conditions a novel 
mode of entry was adopt- 
ed Two inclined shafts 
were staited in the out- 
ciop, close together; 


PROJECTION ON PLANE OF KEARSARGE LODE southerly shaft runs 


pjg 11(5 stiaight down the dip, 

other i.s parallel until the 

underlay property is reached, where it curves 15° to the north in plane of vein. A com- 
ixiund curve, 300 ft long, has a slight reverse at each end to keep the rope on idlers, 
and skip slows down in passing the turn. The hoisting rope has shown greater wear than 
on the straight incline; otherwise the arrangement is satisfactory (67). For further data, 
see Bib (486, 487, 488, 489). 


North Star mine, Cal. Here a turned-vert shaft had a different purpose. A gold-quartz 
vein dipping irregularly, but at aver of 26°, was opeiujd by an inclined shaft. Later a 
1 592-ft vert shaft was sunk to intersect vein at 4 000 ft on dip and thence continue<l as 
an incline to 6 300 ft, or 2 412 ft vertically. This shaft reduced haul to surface by 2 370 ft, 
and its first cost was justified by saving in hoisting cost. This vert shaft has since t>een 
deepened to just below 3 495-ft level for working of deeper veins with opposite dip, and 
turned-vert hoisting is no longer employed (481). High maintenance cost of a long incline 
through old workings may also justify an opening of this kind. Red Jacket shaft, of 
Calumet & Hecla Co, is an example of a vert shaft used as an auxiliai-y opening with 
similar purpose. It saved about 2 100 ft hoisting distance, and maintenance cost of a 
5 400-ft inclined shaft. 


Reopening an abandoned mine on an inclined deposit, the upper parts of which are worked 
out, presents a similar problem Choice is between vert, turned-vert, and inclined shaft, and ts 
guided primarily by depth to virgin ground and dip of deposit. Mt Lyon mine, N Y, is an example 
showing the numerous factors to be considered. Orebody is a mineralized zone 100 to 200 ft thick, 
contaimng a concentration of magnetite at or near upper border; workable width 24 to 40 ft; 
aver dip, 60° to 65°; country rock, very hard gneiss. Mine was worked out to depth of 700 to 
900 ft vert. In 1914, it was decided to reopen with an inclined foot wall shaft (dip 03°), 25 to 50 ft 
below deposit. Proposed depth of shaft, 1 200 ft; to be extended ultimately to 1 800 or 2 400 ft. 
Reasons for choice were: high cost of crosscuts and ore pockets for a vert shaft, because of the very 
tough rock; cheaper and faster sinking in the lean mineralized footwall zone; freedom of footwall 
location from subsidence due to mining operations; a vert shaft to develop territory below the old 
mine would be 100 ft lower than, and 1 000 ft distant from, present concentrating mill, while inclined 
shaft would deliver ore direct to mill (74). 
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Handling ore underground. To secure economical handling, haulage drifts and cross* 
cuts should be straight or change direction by esksy curves, and should be driven on regular 
grade. Importance of these points varies with size and output of mine and method of 
haulage. Following are extreme cases: 

(a) In mining narrow veins, as those in Gilpin Co, Colo, the tonnage per shift from any 
level is small; tramming is done by hand, and drifts properly follow the ore with little 
regard to straightness. (6) At Crown Mines, Ltd, Rand, a mam haulage level, 14.5 ft 
wide and extending full length of property (about 3 miles), connects 2 shafts at a vert 
depth of 2 200 ft. This drift is straight and lies in footwall. It was designed for elec 
haulage to handle 9 000-10 000 tons per day. Other main haulageways are to be driven 
as required at vert intervals of 600 ft. There are also the regular drifts m the reef. 

Haulage problems, especially in flat orebodies, influence location of openings. If the 
shaft or other opening enters orebody at its lowest point, all grades in the haulageways 
will bo in favor of loaded cars. A location favorable for lateral haulage is also favorable 
for diainage, and vice versa. Methods of handling in stopes, dip of orebody, and plans 
of development are also interrelated (Art 19). 

Drainage. In some cases, development work can be planned to reduce pumping costs 
(see Tunnel entry. Art 14, 15). Drainage also makes it desirable to locate shaft or other 
openings to tap the lowest point of flat-dipping or basin-shaped orebodies; lateral work- 
ings then dram toward shaft and auxiliary sumps and pumps are unnecessary. One 
function of lateral development is to drain overlying ore. In soft, wet orebodies, like 
some Michigan iron deposits, this influence.s amount of development done in advance 
of mining. New levels are opened m tune to let the ore drain before extraction begins. 
This also tends to regulate flow of water and make pumping operations fairly uniform (76). 

Ventilation may require that all development openings be run in duplicate. This is 
done m collieries, and allows complete control of ventilating currents (Sec 14). In metal 
mines using little timl)er, or in very wet mines, proper ventilation may mean a mere supply 
of fresh air to remove foul air and pow'der fumes. Then ventilation is often obtained by 
arranging openings to cause natural draft. In relatively dry mines using much timber, 
the danger of mine fires demands close control of air currents; usually secured by fan 
installation, systematic layout of oi>ening8, and proper placing of doors. Development 
headings arc often ventilated by auxiliary fans, with metal or canvas tubing carried to 
the working face (Sec 14). 

17. NUMBER OF OPENINGS 

Determining factors. Ventilation and safety demand at least 2 openings to 
surface, they aie rwiuired by law in many districts. In metal mines, stopes reaching the 
outcrop often afford an adeciuate second opening; in collieries, rigid ventilation require- 
ments compel at least 2 openings. Other conditions to bo considered: (a^ Required 
orm T may be in exce.ss of capacity of a single shaft, this is unusual at ordinary depths, 
as a shaft can l>e designed to hainlle large tonnages. In deep shafts, the time retjuired to 
get men on and off shift through a single shaft is serious; this, together wdth time for 
handling timlxT and supjilies, greatly re<luces ore-handling capacity, (h) Separate 
oiiEHODiEs may rcc|Uire .separate shafts; deptmding on their size, distance apart, depth 
Ixdow surface, and surface conditions. Separate shafts 
are sunk to HTect a saving o%er cost of cnti*y from, 
and handling through, another shaft farther away. 

This IS a matter of estimat/C in each case; size of 
orelKidy conccrutHi must Ih? sufficient to return ex- 
cess cost of separate shaft out of the saving effected. 

('ost of v\mfi sinking increases with depth, that of 
drifts and crosscuts does not; hence, increasing Fig 117 

depth should reduce the iiumlxr of shafts and in- 
crease the area serv'cnl by each. Topographic or other conditions affecting surface 
transtiort may prohibit separate openings; conversely, they may show a saving in 
surface over underground iransiiort which alone wnll justify a separate shaft. Above 
statements apply also to veins in which several oroahoots occur, separated by wide 
barren or low'-grade areas. At a large group of lead mines in S E Mo, founerly producing 
through 21 shafts, workings have been connected underground and entire output is now 
hoisted in 1 shaft near mill (155). H. C. Hoover points out that if cost per ft of shaft 
sinking is 4 times that of drifting, 4 levels through 1 000 ft of barren vein cost no more 
than 1 shaft 1 0(X) ft deep (20). (c) Method of vndergrovnd haulage. Fig 117 is a 

diagrammatic section in plane of an inclined vein in a property of considerable length. 
If ore occurs scattered throughout whole vein, question arises whether it is better to sink 
1 central shaft A, or 2 shafts B and C\ placed at quarter points, or several shafts. This is 
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determined largely by method of haulage on levels. Cost of hand tramming per ton 
increases rapidly with distance; there is a limiting length of tram beyond which a new shaft 
will save its cost; economic limits for animal and mechanical haulage are higher. Tonnage 
produced per shift on 1 level affects method of haulage (Sec 11). Where small, it may be 
possible to install mechanical haulage on every second or third level, ore from levels above 
being transferred to the haulage level through winzes at distances apart which are within 
the economic limit of hand tramming. 

Michigan copper mines are illustrations of properties covering long distances along 
the strike of persistent lodes (Fig 116). Hand tramming was formerly universal, and a 
shaft was sunk about every 1 000 ft along strike. There are instances of 2 shafts 600 ft 
apart reaching depths of over 3 000 ft. Later shafts were farther apart; aver distance 
for the district in 1912, 1 600 ft. At Quincy mine, with elec haulage, aver tram is 1 800 ft. 

Outcrop mines on the Rand. Where length of property along strike was less than 1 600 
or 2 000 ft, only 1 main working shaft was sunk; on longer properties 2 shafts were deemed 
necessary to facilitate development and for ventilation (25). Transvaal law requires 2 
exits. Shafts in first row of deep-level properties are as close as 1 000 ft, but usually 
2 000 ft apart. Nearly all tramming is by hand, but labor is cheap. Many deep-level 
properties have been consolidated and cover large areas (400 to 900 claims of 1.4 acres 
each); where possible, in such cases, distance between shafts is 3 000 to 4 000 ft (78). 
Occasionally, where connection could be made with adjoining property, large areas were 
opened by 1 deep shaft. Mechanical haulage concentrated on a few levels has been intro- 
duced as area controlled by one shaft is increased (Art 16). Brakpan mine. East Rand, 
illustrates the application of the same principles to a fiat orebody of large area; property 
is 6 000 by 14 000 ft; reef dips only 7°. Two shafts were sunk 4 400 ft apart in direction 
of dip; No 1 cuts reef at 3 098 ft; No 2, at 3 707 ft. They are connect^ at bottom by 
an inclme 4 500 ft long on dip of reef, from which levels are opened (79) . 

From standpoint of underground haulage, ideal location for a single shaft is one 
giving minimum aver tramming distance. It is obviously impo.ssible to determine exactly 
such location in advance. In massive orebodies like porphyry coppers, the toimage and 
shape of which are determined by boring in advance of development, gathenng points 
on each haulage level can be found to which ore can bo brought with minimum aver 
tram, taking into accoimt the required lateral development; the nearest feasible location 
of shaft to these points gives shortest aver tram. 

18. LOCATION OF OPENINGS 

Underground conditions afiecting location of openings with respect to dip and strike 
of deposit, and from standpoints of geology, maintenance, haulage, drainage, and venti- 
lation, are discussed in Art 15-17, 19. Shafts for massive deposits, especially those mined 
by caving methods (Art 70-88), should be located beyond the possible limit of ground 
movement around the orebody. 

Surface conditions. Topography affects location of openings. Sites for necessary 
buildings must be available; shaft and tunnel locations are often planned with reference 
to a mill; permanent mme openings should avoid gulches or places where fioo<iing would 
result from cloud-bursts, in mountain regions, the location must bo planned with reference 
to possible slides of rock or snow. 

Topography is also related to questions of surface transport. Lowest location 
l) 0 ssible for mouth of a tunnel is desirable, as it gives the highest backs of ore alxivo 
tunnel level, it is often determined by position of a R K for shipping ore, or by topographic 
conditions affecting position of a spur track to l)e built from an existing road. A shaft 
location must also be planned with reference to existing or proposed U Hs, wagon roads, 
or other means of transport; this concerns handling supplies to the mine as well as ore 
from it. Property lines and their relation to outcrops may affect location of entry 
(Art 16, Deep mines). In combination with topography, they may limit dump room below 
a proposed opening and modify its location. 

In general, ore and waste should be delivered from a mine opening at a point high 
enough above the surface to allow gravity transfer to surface transport. 8uch elevation 
may be obtained artificially, or position of entry planned to secure it in connection with 
topography. Ideal location is not possible; a compromise is always necessary. 

19. LATERAL DEVELOPMENT 

Interval between levels in inclined orebodies varies from 50 to 300 ft; commonest 
interval, largely the result of custom, is 100-150 ft, but practice texKlB towards greater 
distances where feasible. 
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Factors limiting distance between levels: Cost. Dnfting is narrow work, cost- 
ing more per cu ft than stopmg, each drift requires timbenng, track, pipe, and ditches, 
which must be maintained during life of stopes above Cost of shaft stations, and plats 
or bins, can be reduced by concentrating haulage on alternate or third levels Possibihty 
of using electric-dnven primary breakers underground, together with improvements m 
mechanical haulage, has increased tendency to concentrate haulage on one or a few levels, 
especially where large blocks can be broken and handled from stopes From stand- 
point of first cost, a long interval between levels is desirable. Type op orebody High- 
grade, spotted or pockety mines require levels to be close together to avoid missing ore- 
bodios , a wide interval m such cases also adds to cost of reaching and extracting scattered 
pockets Support of hanging wall Levels sometimes form one side of pillars left to 
support roof, allowable area of unsupported hanging wall then limits level mtervEil, 
unless some form of filled stopmg is practicable Speed op stopinq and character of 
ground are related factors, level interval should be such that stopes are completed and 
abandoned within the time that they can be kept open without undue maintenance cost. 
Thus, at Leonard mine, Butte, Mont, a 200-ft interval m vert, filled, square-set stopes 
increased cost and decreased speed of mimng in the upper 100-ft lift to an extent which 
warranted driving intermediate levels at 100-ft intervals (80) Method of mining A 
ictreating system, where stopes are started at property lines and abandoned as they we 
earned back toward entry, may allow a larger level interval than an advancing system. 
Cost of maintenance of levels themselves generally increases with the time they are kept 
open This is again related to speed of stopmg and method of mining, and may determine 
the max interval In small-scale work, on a short, high-grade oreshoot, the time required 
to slope one lift determines time available for sinking and dnfting through the shoot on 
next lov'el, and consequently determines lev^el interval, such conditions arise m leasing 
Dip of orebody, if over 40^ to 45°, allows broken ore to fall by gravity to lev^el below, 
if less than 10°, cars can generally be run to working faces In these two coses, the dip 
does not limit max lev^el interval On intermediate dips, if ore is shoveled to dnft, the lev^el 
mterval should be small, for economic hmits of distance w’lth other handling devices in 
flat stopes, see Art 91 and Sec 27 Regi lariti of deposit influences handling methods 
and therefore the level mterval, an irregular footwall increases the hmitmg angle on which 
ore slides and always requires some shoveling Badly faulted deposits require levels placed 
to reach displaced blocks regardless of other factors, such conditions at Golden Messenger 
mine, York, Mont, were ov’^ercome by numerous, short sub-levels connected by raises to 
mam levels 250 ft apart, on dip (60) 

Economic level interval in any mine is a mattor of experiment The deeper levels 'are 
usually spaced farther apart than the upper, because early work determines the mining 
factors, tuid reduces the exploratory function of these ot>enmg8 On the Hand, the level 
interNal in some properties has Ijeen increased to a startling extent At Modclerfontem B 
mine, ore is develojied in bhx'ks 800 by 1 000 ft, at New Modderfontcin, level mterval is 
500 to (>00 ft, with footwall mam haulage drifts 1 700 to 2 000 ft apart, at Brakpan mine, 
level mterval vanes from dOO to 1 200 ft This practice, due to an attempt to cut down 
development cost, has not been uniformly successful It is made possible m thc^e mines 
bv (a) very flat dips (7° to 10°), allovMiig cars to nm to stope faces, {h) regularity of 
vtMii. (o kiu>\^dedge of reef characteristics, resulting in confidence in the contmuaiite of 
value and size over large areas (75, 79, 81, 82). At Magma, Anz, a nearly vert vein v^as 
develoixid at 100-ft intervals to 2 000 ft, next 2 intervals were 250 and 300 ft On failure 
to ri'idize expected economics, due to difficulties with ventilation, handling timber, and 
mamtammg chutes, subsequent intervals were 200 ft, and the larger intervals were each 
suUlivided bv an intermediate dnft (77) 

Raises and winzes. For following indications or exposures of ore up or dow n from a 
level, the location of raises and w inies depends entirely on ore occurrence To determine 
outline and value of siioots, raises are often made at burly regular intervals For this 
purpose the interval should not exceeii that over which ore may be expecte<i to persist 
without material change m thickness, character, and tenor 

Closer spacing than the level mterval is not justifieii, max distance, 100 to 500 ft or 
more (see Modderfontem B mine, abc^ve), depends on experience wuth a given orebody. 
In connection w'lth method of mining, raises and winzes provide entrance to stopes, 
serve for handling ore, waste for filling, and supplies, stopmg usually starts from them. 
For those purposes, their lo<'ation varies greatly (see individual mining methods) In 
veins where ore occurrence is regular, the output required, combined with distance to 
which development has been c^ried m advance of stopmg, may determine the raise inter- 
val Each stope has a limited tonnage possibility, number of stopes that can be opened 
simultaneously depooids on available points of attack and extent of development Regard- 
ing West Australia fraotxcb, E. D. Clcland states that, when development is consid- 
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erably in advance of ore requirements, the winzes (or raises) in lowest level may be 300 to 
600 ft apart, and are sunk merely as a guide to future stoping. In upper levels where 
stoping is in progress, or about to begin, the raise or winze interval must be 125 to 150 ft. 
This holds for veins having fairly regular ore occurrence; where ore is irregular, no figures 
can be given (83) . S, J. Truscott (30) states that in deep-level Rand mines, where develop- 
ment is kept well ahead of stoping, winzes are 400 to 500 ft apart; throughout the district, 
the interval is from 200 to 500 ft. Up to the limit fixed by loss of interest on money 
spent in advance development, the smaller the number of winzes (that is, the greater the 
interval between them) , the less the cost of development. 

Ventilation. Connections between levels are essential where natural ventilation 
(Sec 14) is relied upon. Raises for stoping usually suffice for ventilation; ventilation 
requirements may control their location. For example, delays while waiting for smoke to 
clear after blasting limit speed and increase cost of drifting; with natural ventilation, 
delays increase with length of drift beyond a raise holed to level above. On important 
work, blowers are used, and make the raise interval independent of ventilation; but, with 
natural ventilation, there is an economic limit beyond which either increased cost or slow- 
ness of drifting makes a new raise advisable. This limit, controlled largely by local factors 
and policy, is 250 to 600 ft or more. Mechanical ventilation in metal mines is increasing, 
especially in large or deep mines. Experience proves that its expense is justified by 
increased efiSc of labor and operations (Sec 14). 


20. DRIFTING AND CROSSCUTTING 

Sec 6 gives data on choice of drills, mountings, and explosives; comparison of 1-, 2-, 
and 3-8hift work ; methods of charging and firing; mucking, diiving through soft ground. 

Mine drifts and crosscuts differ from tunnels as follows, (a) usually of smaller cross-sec; 
(6) less emphasis laid on precise alinement and shape of sec, (c) in breaking ground, 
advantage may be taken of relative softness of orebodies and adjacent rocks, of planes of 
weakness due to banding, slips, or well marked walls; (d) tunnels are usually more perma- 
nent than drifts and crosscuts, and hence may reciuire more elabo- 
rate timbering, (e) some tunnels bear entire cost of installing and 
operating the plant for drilling, ventilation and transport; for 
drifts and ciosscuts, such overhead is usually distributed over 
many openings. 

Shape of cross-section of crosscuts is same as that of tun- 
nels (Sec 6). Untimbered drifts and crosscuts should have an 
arched back, which tends toward self-support and reduces sul>- 
sequent spalling. Importance of arched shape m less in strong 
rock and narrow opeiungs, in flat-dipping or bedded deposits 
the hanging wall often fonns the back of drift and gives no 
trouble if not broken into (Fig 118). Shape of timbered dru't.h 
varies with irregularities of ore occurrence and method of mining 
(Fig 141-147; see also Art 30-42). 

Size of cross-section for typical drift sand crosscuts is given in Table 18. It depends 
on following factors: (a) In exploration (Art 12), cross-sec is made small; this lessons 
cost, largely by reducing amount of muck to be handled. Smallest section advi.sable is 
6 to 6.5 ft high by 3.5 to 4 ft wide. Smaller openings rarely effect a saving, bccau.so 
cramped space reduces efficiency of labor. (5) Size of car determines minimum width 
of development drifts and crosscuts (see Sec 11, Art 3, 4, 6) ; small cans for hand tramming, 
24 to 28 in wide and holding 1 600 to 2 000 lb, require a minimum clear width of 4 to 4.5 
ft for single track, and 7.75 ft for double. For larger cars, cross-sec of opening is designed 
to fit. Clearance between sides of car and posts of drift sets is usually 12 in minimum; 
this gives 18 to 24 in between car and lagging, or room enough for a man to stand without 
being caught. For safety in untimbered openings, at least 24 in should ho left between 
car and wall on one side of drift; clearance on other side may \)e only 4 to 6 in. Minimum 
clearance between cars on double-track is 6 to 8 m. Larger clearances are always desirable, 
especially for high speed and heavy cars, (c) Method of loading. Shovelors need a 
total width of about 7 ft to work on both sides of a small car at face of a drift. Some 
mechanical loaders (Sec 27) will work in an opening 6 by 4.5 ft in clear; many require 
more room, (d) Drainage ditches for handling large amounts of water may increase 
width of drift or crosscut beyond that required by car. (e) Requirements for ventilation 
(Sec 14) may determine minimum size of opening. (/) In veins to 8 or 10 ft wide, drifts 
in oreshoots are often carried full width of vein, thus reducing cost per ton of ore obtained. 
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(g) Height or dkifts and crosscuts is a matter of headroom; 6.5 ft clear is the minimum. 
Height of trolley wire above rail in haulageways is fixed by statute in some states. 

Drifting and crosscutting by hand drilling is done in connection with exploratory 
work (Art 12) in small mines, where expense for plant is not justified, and in districts 
where skilled labor is not available for running machine drills. Drill holes are not spaced 
systematically, but placed to take advantage of all irregularities in the face. Drilling is 
done double-hand m hard ground and single-hand in aver ground; hand auger is cheapest 
and best for soft ground containing few hard streaks, and in coal. 

In small drifts, 7 to 12 holes, 2 to 2 5 ft deep, are necessary to advance face 1.5 to 2 ft. These 
figures vary uidely with hardness and toughness of rock; in aver ground an advance of 0 7 to 1 ft 
per shift in a 1-inan drift or crosscut is good work. 

Examples. At Hodib, Cal, 1 miner drilling single-hand in 5 by 7-ft drifts and crosscuts, width 
of veins 3 to 30 in, vein rock varying from hard banded to soft granular quart*, country rock firm, 
fairly hard andesite, advanced 1.304 ft m drifts and 1.187 ft m crosscuts per 8-hr shift (84). At 
Rhyolite, Nev, 1 miner drilling single-hand m drifts 4.5 by 6.5 or 7 ft, in fairly soft mineraliied 
porphyry, made 0.5 to 3 ft per 8-hr shift, aver 1 ft (tracklaying, mucking, and tramming was done 
by other men). Following data apply to a tunnel driven by hand in Ariz (1913)* cross-sec, 5 by 
7 ft, length, 374 5 ft; aver tram to dump, 875 ft; rock, fairly soft porphyry, no timber required; 
S-shift contract work by Mexican labor, 1 miner and 1 helper on each shift doing drilling, blasting, 
mucking, and tramming. Tunnel was completed in .500 man-shifts m 91 days. Aver advance 
Iier man-shift, 0 75 ft, varying from 0 359 to 0 852 ft; aver progress per day, 4 12 ft , explosives con- 
sumption, 2 32 lb of 40% dynamite per ft of advance. 

Table 15 gives data for Mexican labor (1910). Daily adv'ance (3 shifts) ivas fair, but progress 
per rnan-slnft Ioa Ventilation wak poor in tiniliered drifts No 3 and 4 Dynamite consumption 
^^Hs low, due to character of rock and size of cross-sec. 


Table 15. Drifting and Crosscutting, Esperanza Mine, El Oro, Mex, 1910 (85) 
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(u) Fairl> hard andc'-itc Friable quart*, (c) Soft swelling andesite, (d) Moderately 
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A L. Okc gives following d.ntn on li.arKl work by n.atne labor at mines in Mexico and \rgentme 
(S6) Mkxh vn mine, doublc-h.md drilling, </s and 3/4-jn steel, long handled, 8-lb hammers; 
Mcxu'ui d.vnumitc, 10' f and 00' . , depending on ground, di>, hoi, poorly ventilated mine: aver 
gionnd tough, rather than hard, f’urlv’ clc.an hanging wall to break to, S-hr shifts Aver progress 
per ni’ui-sluff in softer dntts, 0 7it to 0 ’U ft, m Imid ground, 0 tl ft Max advance in drifting lu 
a week of II shifts; 3 men on dav and 2 men on night shift, 32 ft Mon drilled about 9 ft of holes 
pci shift in soft ground, 3 to 3 ft in hard ground. AroENTink mine, single-hand drilling, 
7/g-in steel, short-handle hanuners. tV to 8 lb; Knghsh gelignite and gelatin, dry, cool mine, poor 
ventilation, rock amlesitc and giamte; shifts 8-10 hr. Aver prognvss per man-siuft in drifts and 
envsaoiita in soft ground, 0 91 I 22 ft, in hard ground, 0 37 to 0 55 ft Usual advance in drifts, 
2 shifts, I man on eacli, exelviding Sundays, was .50 (K) ft per month ui softer grviuud, 20-20 ft m 
haid ground Men drillecl about 10 ft of hole per shift in soft ground, 5-G 75 m hard ground 

O. L. .SchnuitB in 1920 (.523) compares powder consumption at a Mexican mine, in hand and 
machine drilled drifts, as follows (figures in lb per ft advance) Hand, inin 3 0, aver 4.5, max 7.0. 
Machine: min 5 0, aver 8.0, max 14.0. By more careful control of powder, aver was cut to 3.61 
and 7.39 respectively. 

Table 16 shows how hand work economi*e« powder by skilful but unsystematic placing of holes, 
an advantage olTset, however, by slower speed per man-shift (492). Machine drilling was by hght, 
mounted drifters, hand drilling all 1-man work, in slightly softer ground. Machine drifts, 4.5 by 
6.5 ft, 10% timbered; machine raises, 5 by 5, or 5 by 10 ft. Hand drifts, 4 by 6 ft, raises, 5 by 5 ft. 
Two expert hand-drillers on opposite shifts in a drift averaged 1 2 ft advance per shift each, tram- 
ming 600 ft. 

li. B. Dickson records (56) hand driving of 60 ft of 3,5 by 6.5-ft drift m a fairly soft vein at high 
elev in San Juan district, Colo. Bound of 10 15.8-in holes was drilled at 83 in per shift; aver 
advance, 0.682 ft per man-shift (about 20% of time being otherwise occupied); explosive (40% 
gelatin), 4.21 lb per ft advance. 

C. T>. T.arsou gives data (in 1914) from Chiksan mines, Korea (87); Drifts 6 by 7 ft, in quarts 
veins; 3 shifts, 4 men (Koreans) per shift, double-hand drilling. From 4 to 7 ft of hole is drilled 



10-94 


DEVELOPMENT 


per man-shift. Two 10-hr shifts give cheaper work, but less speed. Monthly advance, from 30 ft 
in hard to 70 ft in good ground. Dynamite consumption (gelignite, 60%), 2 to 2.5 lb per linear ft. 
Cost per ft, excluding hoisting, about $3.40, of which $0.16 is for timbering. Cross-cuts, 4 by 6 ft, 

are untimbered, 2-shift work of 2 men 
each; in soft schist, dynamite consumption 
was about 2 2 lb per linear ft; in hard 
schist and granite, about 4.8 lb; cost per 
linear ft in soft ground, $2.67; in hard 
ground, $4.14. Wages: hand drillers, $0 25, 
muckers and trammers, $0 20 per shift 
Practice in drifting in Mesabi iron 
MINES, Minn, illustrates speed obtainable 
with HAND AUGER DRILL in soft hematite. 
C. E. van Barneveld (35) gives following 
data (in 1912). Work was on contract, two 
10-hr shifts; 2 men on each shift. Men did 
their own timbering, track-laying, and local 
tramnung to distances of 300 ft. Drilling 
was done with band augers, 3.5, 4, 6, and 
8 ft long; hard streaks were broken up by 
3 and 6-ft gads, of 1.25-in drill steel. Mam 
drifts were 9 ft wide by 8 ft, inside timbers 
of unframed 3-piece sets. A round con- 
sisted of 5 to 7 6-ft holes A 6-ft hole was 
drilled in 10 to 30 min, back holes were 
loaded with 7 to 10 sticks 40% dynamite, 
lifters with 6 sticks. Upper holes were 
fired and mucked hrst. This reduced pow- 
der cost, but entailed delays, twice a round, 
for smoke to clear, where ventilation was 
poor, entire round was fired at once. .\ver monthly progress, 100 to 125 ft. Rate of advance m 
smaller drifts was from 200 to 225 ft per month on a 4-man contract. Progress in hand-driven 
rock drifts, 25 to 40 ft per month. 

Machine drills. In this and other articles, terms are used as follows Drifters, 
hammer drills attached to cradle, mounted on bar or column, usually run wet, rotation, 
automatic; feed, either automatic or by hand. Piston-drills are now virtually obsolete 
Jackhammers, light, hand-held hammer-drills, but often mounted for drifts or crosscuts 
in soft to medium ground. Stopebs are of hammer type, with an air-operated feed leg. 
some types automatically rotated; others, hand-rotaU'd , usually unmounted, occasionally 
mounted by attaching air-feed cylinder to column or bar (Sec 15). 

Machine-drill rounds. The term round means location, direction, dejith, and niinilver 
of holes for breaking a given face of ore or rock. Rounds for development openings are 
classified according to type of “cut.” Term cut refers to location and direction of holes 
blasted first to provide a free face (Art 26) to which other holes may break. Drift and 
crosscut rounds are draw-cut, inverted or top draw-cut, vert V-cut, horiz V-cut, 
PYRAMID-CUT, and BURNED CUT, with various combinations and variations. 

Data in Table 18, generously contributed by managements and engineering dcpts of 
mines listed, show the effect of character of ground and size of cioss-see on numlwr and 
arrangement of holes, type of drill, powder consumption, and duty of labor. They cover 
present practice (1938) in important districts of U S, Canada, and C uba, and include 
examples in Mexico. Of the 79 examples, 13 are draw-cut rounds, 2 inverted draw-cuts, 
H vert V-cuts, 7 horiz V-cuts, 20 pyramid cuts, 11 burned cuts, 5 of which (’ombine a 
burned cut with a very acute pyramid, 1 uses no cut, 1 has no system, and 1 uses l^ith 
draw and burned cuts. Hardness of rock does not seem a controlling factor in choice of 
cut, since all types are found in bard, medium, and soft rocks. Theoretically, the angle 
of wedge or pyramid should increase in proportion to toughness of rock, but it has Vkh'ii 
found that a burned cut is better adapted than any form of angled cut to certain tough 
rocks. No definite rules can be laid down as to type of round, number of holes and depth 
of round; choice is determined by experience (also see Table 17). 

Fig 120-137 show some rounds to which Table 18 refers. Numbers at holes indicates 
firing sequence. 

Pointing holes is of prime importance. Successful breaking requires locating charges 
at most efficient points in face. Much experimental work has been done at individual 
mines to determine best practice under varying conditions (89, 619, 620. 631, 636). Table 17 
gives data for spacing and pointing holes. 

Note. — Use of table. Ex 1. Round 7 ft deep, distance between collars of 2 cut holes 48 in; 
in table on 7>ft line find 24 in (0.5 spacing) in 16^ column, indicating that 2 holes will intersect if 
drilled toward each other at this angle; table also shows that holes will each be 7 ft 8 in deep at point 


Table 16 . Hand vs Machine Development, 
Questa, NM 


Period of 6 mo in 1 930 

Machine 

work 

Hand 

work 

Footage of drifts 

2 602 

959 

“ “ raises 

475 

477 

Cost per ft: 

Drilhng, labor only 

$1 00 

$3 20 

Mucking and tramming 

1.75 

1.60 

Timbering, labor and material . 

30 

.30 

Explosives (40% gelatin) 

1 25 

0 70 

Track 

30 

15 

Steel sharpening 

33 

23 

Pipe, drill repair, hose, oil . . 

63 


Comp air, labor and material. . 

.97 


Supervision 

28 

.28 

Total direct cost ... 

$6 81 

$6 46 

Interest and deprec on compres- 
sor and drills . . . 

.60 



$7 41 

$6 46 
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of intersection. Ex 2. It is desired to bottom a 6-ft lifter 4 in below bottom of drift, collar of hole 
being 6 in above bottom: opposite 6 ft in table find 10 inches under 8®, which is the required angle 
for lifter. 


Table 17. Displacement and Length of Drill Holes. After C. H. Watcis (519) 


Angle between axis of hole and normal to face 


o 


a-o 

o. 2 

2° 

4® ! 

1 

i o" 

8° 

IB 

a j 

12' 

0 I 

14' 

0 

1 

0 1 

18' 

0 j 


0 j 

22 

o 

B 

■ 

B 

■ 

28 

0 

30 

O 

^ 2 
Q 2 

Inches between collar of hole and projection of its bottom on the face (a) 

3 

1 

2 

4 

5 

6 


8 

1 

9 

1 

10 


12 


13 
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14 

8 

16 

4 

18 

4 

19 

0 

21 

6 

4 

2 

3 

5 

7 

9 


10 

1 

12 

1 

14 


16 


18 

8 

20 


22 

6 

24 

6 

25 

6 

28 

8 

5 

2 

4 

6 

9 

II 

1 

13 

1 

15 

2 

17 

2 

20 


22 

4 

24 


27 

8 

29 

7 

32 

8 

35 

10 

6 

3 

5 

8 

10 

13 

1! 

15 

2 

18 

2 

21 


23 


26 

6 

29 


32 

7 

35 

8 

38 

10 

42 

11 

7 

3 

6 

9 1 

12 

15 

1 

18 

2 

21 

2 

24 


27 


31 

6 

34 


37 

8 

41 

10 

45 

11 

48 

13 

8 

4 

7 

10 

13 i 

17 

1 

21 


24 

3 

27 


31 


35 

6 

39 


43 

9 

47 

11 

51 

IS 

55 

15 

9 

4 

8 

II 

15 

19 

2 

23 


27 

3 

31 


35 


39 

7 

44 


48 

10 

53 

12 

57 

14 

62 

17 

Ha 

4 

9 

12 

17 1 

21 

2 

25 


30 

4 

34 


39 


44 

8 

48 


54 

11 

59 

14 

64 

18 

69 

19 

1 1 

5 

10 

14 

19 1 

24 

2 

28 


33 

S 

38 


43 

71 

48 

8 

53 

10 

59 

12 

64 

15 

70 

17 

76 

20 

12 

5 

n 

15 

20 1 

26 

2 

31 


36 

fi 

41 


47 


52 

2 

58 

11 

64 

14 

71 

16 

77 

19 

82 

28 


(a) Numbers in bold-face type indicate distance in inches which, when added to depth of round, 
gives length of hole required to reach that depth. 


Hole directors, as used in 7 by 8-ft drift headings by Crown Mines, Witwatersrand, 
have improved speed and effic, and reduced cost; during a test i>eriod of 20 mo, with 
6-ft holes in headings of same size, aver advance in 403 “ directed ” rounds was 4 ft- 11.5 in, 



againat 3.6 ft per round in undirected headings (89). Customary pyramid-cut round of 
20-24 holes requires a set of 3 directors (of w^hich 2 arc shown m Fig 119), with radial 
lengths of 24, 32, 44 in. Supporting ends of the Y-a form open saddles, the axes of which 
are permanently fixed (by welding) at such angles with horis axis of drift os experiment 
show's most effective. The 50-lb mounted jackhammer is alined in a saddle by aid of a 
short piece of drill steel, or the starting bit. After clamping the drill, the “ director ” is 
swung aside, revolving on the 1-in axial bar pre\noU8ly secured by arm and clamps on the 
vert column and a shallow hole at center of face. 

Drill mountings. Table 18 contains 67 examples of drifts or crosscuts drilled from a 
vert column, as against 7 croas-bars, 2 tripods, 6 drill carnages, and 8 unmounted drills. 
With a cuLi MV, work is almost always arrangetl so that drillers have a clean face for 
starting. The examples of CROsa-iuRS, except one, are where speed is sought through 
simultaneous dnlling and moehaiiical loading. Uppers are drilled from a bar set above 
muck pile, while the loader cleans bottom of face. On completing mucking, bar is re-set 
for the lower holes. By this procedure, Lloyd mine, Ishpeniing, Mich, advances a 10 by 
10-ft drift with a pyramid cut through cherty slate at 375 ft per month, working 3 shifts 
5 days per week. Carriaoes, mounting 4-6 drifters (generally automatically fed) and 







Table 18. Data on Drifting and Crosscutting Practice, as of 1938 

(Unless otherwise designated d or c, data relate to both drifts and crosscuts) 

^tion, ft | Drills | Drill round 1 Explosive | j I Advance, ft { Manshift per ft advance 
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Table 18. Data on Drifting and Crosscutting Practice, as of 1838 — {Continued) 
(Unless otherwise designated d or c, data relate to both drifts and crosscuts) 
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used in conjunction with scraper loading, tend to rapid work in large headings in Lake 
Superior iron district; one mine advances a 9 by 11-ft drift 600 ft per month through 

quartzite, completing a 7-ft round per shift on a 
3-8hift basis. At 2 mines near Bir- 
mingham, Ala, in drifts 14 and 20 ft wide and 10 and 
M ^ 14 ft high, respectively, drills are mounted on tbi- 

5 U ^ n ^ PODS on top of muck pile, working at one side while 

§ ^ ^1 scraper cleans the other. Unmounted jackhammbbs 

i I are employed in both large and small headings in 

fl< ■ - l ol > ^ medium-soft schist at Inspiration, Ariz; occasionally 

^ in the softer ground at Ruth, Nev, using bottom- 
8 7 9 I draw cuts in both; also in sub-levels through 

O O O I medium-tight hematite at Montreal mine, Wis, 

J / 1 'With V-cuts. Ohver Iron Mining Co uses un« 



Fig 124. Top-drnw Cut in Blocky Sulphide Ore, Mountain 
Con Mine, Butte, Mont 


Fig 125 Vert V-out in Dolomite, 
Bonne Terre iShne, Bonne Terre, Mo. 
Holes a, a and />, b, sometimes omitted; 
8 side holes are 7 .5 ft deep; all others, 
9 ft 


mounted jackhammers in headingS'at 3 of its soft-ore mines (Table 18); at Godfrey mine, 
Ribbing, a 10 by lO-ft drift is advanced 6 3 ft per round without use of angled cut hol^. 

An unusual mounting sometimes used in 7 by 6-ft headings at Vipond mine, Ontario, 
when speed requires 2 rounds per day, consists of a horii bar set 3 ft bdow roof of drift 
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(or just above muck pile), with a short vert column supported by clamp at middle of bar 
and braced against roof; drill is carried by cross-arm on the column. Upper holes can 



Fig 132 Deep Pyramid Cut in Hard Schist 
and Quartz. McIntyre Mine, Schumacher, 
Ont 


Fig 133 Pyramid Cut in Brecciated Por- 
phyry La Colorada Mine, Cananca, Mex 


thus be drilled during mucking, on completing which, the vert column is swung down and 
braced, against floor for drilling lower holes. Runner, helper, and 2 muckers advance 
6 ft per shift with a 20-hole round, pyramid-cut (493). 







DKIFTING AND CROSSCUTTING 


10-101 


Choice of drills for drifting and crosscutting. Drifters are customary for hard 
ground. Practice favors the lighter, 1-man drills when ground can be drilled efficiently 
by them. As jackhammers are lighter, cheaper, and consume less compressed air, they 
are favored in soft ground, either mounted or hand-held; for a round of very few holes 
in soft ground, time for set-up may not justify use of mounting. Stopers, though not 
designed for drifting or crosscutting, are occasionally useful for this work. Fig shows 
an inverted draw-cut drilled with stopers at Cripple Creek, Colo (92) ; except the lifters, 
all holes point upwards. In using stopers for drifting, it is necessary to support tail piece 
of drill; Fig 138 shows a simple device, consisting of a sprag, wedged across drift, 4-6 ft 
from face and 3 ft from floor, a loose piece of 2 by 10-in plank furnishing a base for drill. 



Fir 13 i Burned Cut in 
Tough Limestone, Balniat 
Mine, Balmat, N Y Holes 
average 0 o ft deep 



Fig 136 Burned-pyra- 
mid ('ut, Cieighton 
Mine, Out 



Fig 135 Burned Cut, Franklin 
Mine, Franklin, N J Central holes, 
h 5 ft deep, others, 8 ft. Center 
hole, unloaded, has 3-in diam Holes 
fired in seiiuenoe, as numbered, using 
fuses all of same length Loaded 
and fired in 4 rounds Nos 2-5, Nos 
0-9, Nos 10-14, Nos 15-25 



Fig 137 Burned Cut in Cherty Limestone 
Junction Mine, Bisbee, Anz 


An A-framo of 2 by 10-in plank (indicated by dotted lines) forms a better support. Fig 139 
shows an incxpen.sivo foot-plate, for setting a stoper at any angle from horiz to vert; 
it is of s/g-in plate, with ears turned down at corners to hold plate to a plank; to the plate 
is riveted an angle iron bent to U-shapo (94). At Butte, Mont, drifting with jackh\mmer8, 
lea.sers rested the drill in a wooden trough 6 ft long, laid against face in line with hole to 
be drilled. Drill was held to its woik by a short steel lever fitting into holes m bottom of 
trough (126). Similar device for drilling low, flat holes in S E Mo is like a narrow ladder, 
with sides at such distance apart that drill can slide on their inner edges (see Art 31) ; 
cross pieces on under side, 2 in wide and 2 in apart, offer leverage for end of a pinch bar 
holding jackhammer to its work. In this easy-drilling limestone, 80-100 ft of hole (starting 
at 1.75 in) is aver per machine-shift. The jackhammer, when used for higher holes, can 
be carried by an S-hook of heavy wire hanging from the lugs on end of a piece of drill steel 
of suitable length standing with its bit on the floor. 

Of the 68 DRii-'TERS listed in Table 18, 33 are hand-fed and 21 automatically fed (others 
not si>ecified). The data are not definitely comparable, but it is noteworthy that auto- 
matic feed has become widespread. Drifters of medium wt are most numerous; 50 are 
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2 'plank 





between 150 and 186 lb, as against 10 lighter and 8 heavier. The heaviest drills in the 
list, 250 lb, are mounted on a carriage and drill a V-cut round in a 9 by 16-ft heading in 
greenstone at Montreal mine, Wis; also used with 
column mounting in a 9 by 10-ft drift at same mine. 

Of 11 jackhammers, 3 are mounted, 8 unmounted. 

Hand mucking and tramming. Speed of drifting and 
crosscutting is often more dependent on time required 
fox mucking than for drilling and blasting. It is usually 
cheaper to alternate drilling and mucking crews at any 
one face, thus giving drillers a clean drift in which to 
set up, and avoiding interference between drillers and 
muckers. This is especially important if drilling is 
difficult, or a large footage required per round. 



Fig 138. Inverted Draw-cut 


Fig 


PUN 

139. Foot-plate for 
Drill in Drifting 


Stope 


General points as to mucking in tunnels (Sec 6) apply hero also, especially where speed 
is desired. Table 19 gives mucking and tramming duty. A plat of sheet iron or plank, 


Table 19. Data on Mucking and Tramming by Hand (55, 67, 106-111, 122, 522, 532) 



Location 

No 

of 

men 

Size of 
car 

Distance 

trammed, 

ft 

Cars 

per 

shift 

Length 

of 

shift, 

hr 

Tons per 
man-hr 


S E Missouri 

1 

1 ton 

0 

18 

8 

2 25 


Miami, Ariz 

1 

1 ton 

2 400 

16 

8 

2 00 

8 

Erie Consol, Cal 

1 

1 ton 

100 

14 

8 

1 75 


Erie Consol, Cal. . . 

1 

1 25 ton 

1 000 

10 

8 

1 57 

% 

Erie Consol, Cal 

2 

1 25 ton 

1 000 

15 

8 

1 17((i) 


Cananea Consol, Mex. 

1 

16 8 cu ft 

300 

17 

8 

1 79(c) 

es 

Wabana Iron M Co, NS.. 

2 

1 65 ton 

0 


10 

) 60 

1 

North Star, Cal 

1 

18 0 cu ft 

0 



2 00 


Pittsb’gh -Silver Peak, Nev. 

1 

1 1 ton 

700 

n 

8 

1 52 

to 

Alaska-Treadwell, Alaska 

2 

28 3 cu ft 

600 

10 

8 

0 88(c) 


Uwarra Mine, N C 

7 

M 4 cu ft 

275 

70 

10 

0. 72(e) (c) 

1 

Park City, Utah 

2 


1 000 


8 

0 60 


N J Zinc Co, N J ((/) ... 

1 

1 07 ton 

250 

13 

10 

1 60 

CQ 

Jerome, Ariz 

2 

19 cu ft(c) 

1 500-2 035 

30(/.) 

8 

1 78(c) 


Mineville, N Y 

3 

I 5 ton 


13(c) 

8 

0 80(c) 

C8 

Tonopah, Nev 

1 




4 5-5 

2 0-3 3 

Ip. 

Liberty Bell, Colo 

1 

33 cu ft 

200 ’ 

15(/) 

8 

3 09 

ol 

North Star, Cal 

1 

1 8 cu ft 

0 



3 00 

i 

Joplin, Mo 

1 

(o) 

0 


8 

2 46 

4: 

Cananea Consol, Mex 

1 

16 8 cu ft 

300 

20 

8 

2 1 1 (c> 

1 

Ohio Copper Co, Utah 

1 

20. 6 cu ft 

too 

16 

8 

2 05(c> 

% 

Pittsb’gh-Silver Peak, Nev. . . 

1 

2 1 ton 

1 000 

6 

8 

1 58 

% 

Alaska-Treadwell, Alaska .... 

2 

28. 3 cu ft 

600 

n 

8 

0 98(c) 


Mich amygdaloid mine 

1 


600 


9 

1 56-1 72 

<p 

Ohio Copper Co, Utah . . . , 

1 

20 6 cu ft 

150 

so 

8 

10 32(c) 

1 

Br Columbia Cop Co, B C 

1 

2. 15 ton 

450 

31.5 

8 

8 46 

a 

Pittsb’gh-Silver Peak, Nev 

1 

1 1 ton 

700 

45 

8 

6. 19 

i 

Cananea Consol, Mex 

1 

16. 8 cu ft 

300 

40 

8 

4 22(c) 


Alaska-Treadwell, Alaska 

t 

21.7 cu ft 

400 

30 

8 

4.06(c) 


Erie Consol, Cal. . 

1 

1 . 25 ton 

1 500 

20 

8 

3. 12 


Utah Copper Co, Utah . . . 

2 

1 ton 

90 

65 

8 

4.04 


(a) Bucket, capac 800 lb. (c) On basis of 20 ou ft ■■ 1 ton. (d) Lower duty, probably because 
of insufficient work to keep 2 men fully occupied, (e) Negro labor. (/) Bonus work, record for 2. 
months, (g) Aver for year 1916. (h) Aver range, 24-42. Bonus for speed of advance. 
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laid on floor close to face before blasting, increases output per mucker-hr. Data on load- 
ing and tramming from chutes are included for comparison and for use in estimating on 
raises (Art 21 and Sec 11). Rate of mucking is also affected by size of pieces; observations 
by author in Colo gave following data: 

Car, 28 by 28 by 64 in; capacity, 2 600 lb; 1 man mucking small material on rough 
floor filled car at rate of 3 tons per hr; with good floor, 5—6 tons. In loading muck con- 
taining many big pieces, which had to be lifted into the car, 1 man loaded 4 tons per hr; 

2 men loading mixed material from rough floor and taking their time handled 2.9 tons per 
man-hr. 2 men, 1 picking and 1 shoveling, made following rates per man-hr: in large 
and small material mixed, 2 9 tons; all big pieces, 3.2 tons; all fine muck, 3.6 tons. 

A detailed study of underground shoveling, made by Phelps Dodge Co, was described 
by G. T. Harley in 1919 (539). Shovel found best adapted to mining work is shown in 
Fig 140, the blade holding an aver of 21 lb broken ore, and having a plain welded back. 
Harley concludes that to obtain highest shoveling effic underground, every shoveler should 
be placed in a particular stope or working place, directly in charge of a shoveling boss. 
This boss should have had large experience in shoveling, have learned correct shoveling 
methods, and should be able to instruct men and gain their confidence. Each man should 
be taught: (a) necessity of using correct type of 
shovel for given work; (b) proper way to handle a 
shovel; (c) range of usefulness of wheelbarrow 
and car; (d) advantage of using a platform to 
shovel from; when shoveling has progressed 
beyond the platform, time should be taken to 
shift It and scrape the broken ore forward on to 
it; (e) the broken ore should be thoroughly loos- 
ened with a pick; effort is wasted in trying to 
shovel packed material; (/) shoveling should bo 
done at a good steady pace, speed depending on 
length of job; it is waste of time and energy to 
tiy to rush through the woik; (g) besides the 
amount of rest inherent in the work itself (rest 
gained while picking down, tramming, etc) , definite 
rest periods should be maintained. When each 
man has been thoroughly instnicted in the methods of shoveling, he should be placed 
in general riin-of-mine work among the more experienced shovelers, so that another new 
man may take his place for instruction. For further details, see Sec 3. 

Mechanical loading in drifts and crosscuts. 

For current practice in design and operation of loaders, see Sec 27. The following 
examples illustrate their applications in metal mining. 

Scrub Oak magnetite mine, N J, has used a Nordberg-Butler shovel in it« tramming drifts, 
8 6 ft high by 11 ft wide; in 1 sluft, shovel loaded about 67 tons from each of 2 headings at opposite 
ends of same drift. Advance, 6.5 ft per shift by each drilling crew. Ore averaged 16 cu ft per long 
ton. Loading equipment included shovel, storage-battery locomotive, and 6-ton Granby car; 
all operated by 2 men, who also extended track in 5-ft sections; shovel and car were both trans- 
ferred from heading to heading by locomotive. Previously, loading crew had been 4 muckers and 
1 locomotive engineer per shift per heading; shovel thus saved 8 man-shifts (costing $3.10 per ft 
of drift) at an expense of 60^ per ft for deprec, interest, power, repairs, and supplies; net saving, 
$2.66 per ft (494). 

Ojuela, Mex. A 9 by 8.6-ft drainage tunnel was advanced 714 ft per mo (during 7 mo) in lime- 
stone, shale, and several dionte dikes 10-80 ft thick (484). Speed was gained by continuous 
S-shift work, carnage mounting of drills, and mucking by Nordberg-Butler (No 109) air-operated 
shovel, loading 34 tons per hr into 40>cu ft dump cars; height of car above rail, 4 ft-7 in. Haulage 
by 2.5-ton Mancha storage-battery locomotive. Aver round of 8 ft required 5 hr-37 min, of which: 
drilling, 1 hr-60 min; loading 20 cars, 2 hr. 

Mineville, N Y, magnetite mines have advanced footwall haulage drifts 10 ft high 
by 15 ft wide at aver of 6 ft (max 7 ft) per 8 hr, with 4 men. Two drillers complete a 
wedge-cut round of 28 holes, 7-7.5 ft deep, and blast, in 5.5 hr; operators of air-driven 
shovel and elec loco (both meanwhile employed elsewhere) then load about 50 tons in 3 hr, 
to pocket at incline. Explosive, 126 lb 40% gelatin per round (495). 

Humboldt mine, Morenci, Ariz, using a Conweigh shovel, advanced a 9.5 by 10.6-ft 
heading on 14th level 2 343 ft through porphyry in 8 mo of 1928, or at aver of 11.3 ft per 
day, compared with previous hand-mucking rate of 7.3 ft. Water collecting in the down- 
grade heading hindered mucking. With 2 drills on vert columns, a horiz V-cut round of 
21 holes, 8-9 ft deep, plus 1 short bottom hole for ditch, was finished and fired in 6.26 hr; 
usual break, 7.5-8 ft, or 9 tons per ft. After 45 min for smoke to clear, shovel crew of 

I — 1.6 
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3 men loaded 70 tons in 6 hr; hence, 2 complete rounds per day. Double track, with 
transferable cross-over switch, expedited handling cars (99). 

Magma mine, Ariz, drives haulage levels in diabase wall rock, 8 by 8 ft where untim- 
bered. Two drifters, on horiz bar, drill upper half of a 13-hole pyramid-cut, while air- 
driven shovel is mucking. Depth of holes, 7 ft, is adjusted to break about 38 tons, which 
can be mucked by comp-air shovel into 2-ton cars while holes are being drilled, requiring 
about 5 hr, including first set-up; shoveling takes 4 hr. Bar is then moved down, and 
lower holes are drilled in 1 hr. Charging and blasting, 1 hr, lunch and lost time, 1 hr, 
makes 8 hr for a 6.5-ft advance. Crew of 2 drillers, 2 helpers, 1 loader operator does whole 
job, including laying track and pipe lines. One helper operates storage-battery loco (77). 

Trepca Mines drove a development and drainage tunnel 8 776 ft (all but 945 ft in weak schist 
requiring steel support clear to the face) between Oct 19, 1929, and May 12, 1931 (496). Arched 
heading, 9.8 ft high at center by 12.8 ft wide, usually required a horiz V-cut of 22-26 holes, 7.9 ft 
deep, drilled in 1.6-2 hr by 4 drifters on a carriage. Aver advance, 6.6-7 5 ft per round; explosive 
(66% ammonia dynamite) 16.8-20.2 lb per ft. Nordberg-Butler shovel, air-operated, loaded 60 
met tons from an aver round into 41 cars (26-30 cu ft) at 3.5 min per car, or 2.25-2.75 hr per round. 
Entire cycle, during 4 mo free from unusual delays, averaged 6.5 hr. Ditching done independently 
by hand work. Of total crew of 132 men underground, in 3 shifts, 61 worked at face, 21 erecting 
steel, 16 concreting. Record advance for 1 month, 879 ft; aver for 8 mo in 1930, 778 ft per mo. 

Siscoe Gold Mines (in 1935) advanced an 8 by 8-ft crosscut, in medium schist intersected by 
hard porphyry dykes, 3 086 ft in 4 mo continuous 3-8hift work except Sundays, which were used for 
repairs, pipe and switch installation, and misc work. Little timbering was necessary. Crew per 
shift: 2 drillers, 1 helper, 1 shovel operator (Eimco Finlay), 1 switchman, 1 motorman (storage- 
battery loco), 1 trainman. Two 3 5-in drifters, mounted on horiz bar above muck pile, drilled 12-14 
holes to max 10-ft depth in 1.3-2. o hr, while shovel was at work; drills then idle for 1 hr, while shovel 
was loading last 12-20 tons of muck. Lower holes were then drilled from new set-up in 1-1.5 hr. 
Total round of 20-24 holes, pyramid-cut, broke from 7.5 ft, in hardest, to 10 ft in softest rock, using 
60% gelatin forcite in cut and 40% in square-up holes. Never less than 3, and often 4 rounds 
were broken per day; best aver for 27 days, 27.7 ft. Labor was contracted on bonus system, 
aiming at speed: $5.60 per ft for (2 weeks’ aver) advance under 6 ft per round, to $7.50 per ft for 
10 ft or over; Co supplied explosive. Switches for the 20-cu ft cars were installed every 200 ft 
(497). 

Champion mine, Mich, drove haulage levels 8 ft high, 9 ft wide in barren rock and 
13-14 ft wide in ore; little timbering needed (488). In 14-ft drift, a wedge-out of 34 or 
36 holes, breaking about 5.5 ft, was drilled from 2 vert columns. Two horiz holes near 
upper corners were the deepest, to leave stubs to receive split pins for attaching tail-rope 
block of scraper. “Osana” scraper slide was 6 ft wide at bottom and 4.5 ft over car; 
incline, 30®. Hoe scraper, 43 in wide. Motor, d-c, 15 hp. Two drillers and helper on 
each of 2 shifts performed whole operation, including tramming and dumping into skip. 
Aver 2 hr to muck a round (about 50 tons). Aver advance, 0.56 ft per 8-hr man-shift; 
explosive, 17 lb per ft. 

Britannia mine, B C, driving a main haulage tunnel 10 ft high byl2 ft, with a 3 by 
3-ft ditch, used 4 drills on carriage for a pyramid-cut of 29-33 holes, 7-8 ft deep, in 
2-2.5 hr (498). Crew on each of 2 shifts: 1 boss, 4 drillers, 2 muckers, 1 motorman, 
1 brakeman; additional crew, on day shift only, 2 trackmen, 2 steel sharpeners, 1 ditcher; 
total 23 men in 24 hr. In all but hardest ground, advance was 6 ft per shift. “Osana” 
slide loaded a 6-ton (120-cu ft) car in 3-4 min; switching car, 1-3 mm. Hoc scraper, 
42 in wide, was operated by tail-rope block hung from chain stretched between Lewis 
wedges in 2 upper corner holes, after firing. Permanent rail w^as kept 30 ft back from face 
to permit clean scraping; temporary rail for drill carriage was laid in advance. Ditcher, 
in rear, drilled and fired at will. 

Eureka-Asteroid mine, Gogebic Range, Mich, used scraper slides in headings: main levels, 
9 ft high, 11 ft wide; untimbered haulageway, 8 by 10 ft; sublevels, 8 by 9 ft (delivering to chutes). 
Slides have displaced power shovels, proving cheaper in first cost, operation, and maintenance, 
and simpler to handle. With them, untimbered rock 9 by 11-ft crosscuts have been advanced 
800-900 ft ID a month (499); one made 924 ft through hard rock m 31 days of 3 shifts, 32 man-shifts 
per day. Four drills, on 2 columns, could be set up, drill 24 wedge-cut holes, and torn down in 
2.3 hr. After 40 min for charging, firing, and smoke to clear, scraper loaded 26 cars (of 60 cu ft) 
in 1.75 hr; total round, 4.75 hr. 

Mt Isa, Queensland, uses scraper loading in haulage crosscuts (9 ft high by 10 ft wdde, 
with side ditch) and stope sub-levels (10 ft high by 12 ft wide). Former is advanced with 
center-wedge cut of 27 holes, 7.6 ft deep, breaking 7 ft with 110 lb 60% gelignite; latter 
with a pyramid-cut of 32 holes, 9 ft deep, breaking 8-9 ft with 70 lb of 60% and 70 lb of 
40% gelignite. Working alternately in 2 headings, 4 drillers and 2 muckers make 1 round 
I)©r shift. Hoe scraper, 34 in wide, is reinforced and w^eighted with 2 sections of 42-lb 
rail. Motor, 16 hp, a-c, 440 volt; rope, 0.5 in; cars, 75-cu ft capac (500). 
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Roan Antelope mine, Rhodesia, introduced in 1930 its own design of portable slide 
scraper operated by native labor, with great advantage over hand loading (501). One 
10 by 12-ft main drift in ore advanced 277 ft in 25 days, drilling and loading alternately 
on two 8-hr shifts. Crew of 7 natives with European boss ran 2 heavy drifters with 
13-ft steel; loading crew, 7 natives, one running the scraper, and 1 European. Haulage, 
by battery loco and Granby cars. 

Muscoda No 6 mine, Bessemer, Ala, uses scraper slides, made in company’s shop, for dragging 
Clinton hematite ore from gently pitching rooms to the rise, and advancing haulage levels (607). 
Latter are 20 ft wide by 10.5 ft high. Round of 13 holes, 6.6-9. 4 ft (total 112.4 ft), arranged for 
vert-wedge cut, is drilled from a tripod over one side of muck pile, while scraper is clearing other 
side. Charge of 69 lb of 46% dynamite breaks 7.5 ft, or 1.494 ton per lb. Slide, only semi-portable, 
must be dismantled for moving; bottom is of 16-in channels, 18 ft long, flat side up, and bolted 
together, with upper ends resting on 12 by 12-in timber across props. It is set near one wall, 
leaving space on other side for movable hoist, which has 2 loose drums driven by clutches from 
60-hp, d-c, reversing motor. Hoe scraper weighs 2 700 lb and drags about 2 tons. 

Halkyn lead district, No Wales. A drainage tunnel, 10 ft wide by 8 ft high, with ditch 4.5 ft 
vride by 2.6 ft deep, was driven through tight hmestone, requiring support only at long intervals 
(483). During a normal 4 weeks free from unusual delays, 101 rounds advanced 663 ft, aver 
163 25 ft per week of 138 hr, with a crew of 53 men per day, 12 per shift being at the face. Rock 
was hoisted, and delays from inrushes of water and mud from fi.ssure8 were frequent. Two drifters 
on horiz bar drilled 36 holes, 8 center-cut 7.5 ft deep, the rest 6.5 ft, in about 2.25 hr. Usually 
6 other 5-ft holes for the ditch, were drilled by jackhammer, and fired with the round. Aver break 
of 6.33 ft required 140 lb of 60% gelignite, including 9.5-13 lb for ditch. Box-type scraper, 38 in 
wide, proved better than hoe type for this finely broken rock. Two scraper loads filled a 1 600-lb 
(capac) ear, 1 car per min. Aver cycle: removing scraper and setting up drills, 31 min; drilling 
36 face and 6 ditch holes, charging and firing, 2 75 hr; waiting for smoke, clearing track, setting 
up scraper and slide, 48 mm; loading 54 cars (43 tons), 79 nun; total, 6 hr-26 min. 

Miami Copper Co has considerably modified its mechanical mucking practice in drifts. 
As originally installed (see 1927 edn, p 521) a train of 8 cars was loaded without uncoup- 
ling, by scraper and a bridge sheet between every 2 cars. As described by A. J. McDermid 
(511) in 1930, cars are loaded singly, and switched by storage-battery loco from a distance 
up to 500 ft fiom face. “Osana” scraper slide, built in Co shop, has a 25-hp d-c motor, 
for a 2-drum hoist carrying 100 ft of 0.75-m rope for load and 125 ft of same size for tail 
rope; pulley for latter is held at face by 2 eyebolts set in plugger holes as soon as booms 
and caps have been advanced. Hoe scraper is 48 in wide, with Stellited cutting edge. 
Muck from an aver 6 25-ft advance fills 15 75-cu ft cars; with high pile, 4 scraper loads 
fill a car in 3 min; about the same time for switching. Scraper cleans up enough for 
laying track and timbering to face, but sides behind too of slide are shoveled by hand. 
According to information from Miami in 1938, 2 automatic-fed drifters put in a wedge-cut 
of 17 holes (aver 0.7 ft) in 5 hr; this breaks 10 ft high by 9 ft wide with 50 lb of 
40% gelatin; 3-piece diift sots of 10 by 10-in timber are spaced at 6.25-ft c-c. One 
advance is made m 2 shifts, as follows: setting up, drilling, blasting, 5.6 hr; clearing smoke, 
0.5 hr; timbering (advancing booms and caps), 2.0 hr; mucking, 4.0 hr; timl^ering 
(posts), 4.0 hr; total, 10.0 hr. Working 2 shifts per day, aver monthly advance is 160 ft. 

N’Kana mine, N Rhodesia, drives mam haulageways in shales and sandstones, 12 by 
12 ft with ditch, on 0.4% grade, drilling and scraper-mucking on alternate shifts (528). 
With 3 drifters on columns, 1 miner and 11 natives drill 30 holes, with 12-13.5-ft steel; 
firing with 00% gelignite breaks alxiut 11 ft. Ditch drilled by jackhammer. Scraper 
crew, of 1 operator and 12 natives loads muck in 4 hr; rest of shift on misc work. Hoe 
scraper is 45 in wide, weighs 1 000 lb, and is dragged by 35-hp motor hoist with ^/g-in 
wire rope. Tiack is kept within 30 ft of face; with 30-ft turnouts every 300 ft. A 6-ton 
storage-battery loco handles 180-cu ft Granby cars. Best monthly advance, 303 ft in 
26 days (2 shifts) in an up-grade, and 205 ft in 25 days in down-grade heading (retarded 
by water). Costs per ft during 6 months: Breaking, $11.67; mucking, $6.67 ; timbering, 
$0.30, track laying, $3.79; elec equipment, $1.87; total, $24.30 (at $1 = 4.11 sh). 

Butte, Mont. Data from H. M. Courtney (615) in 1938. Mechanical shovels have 
practically displaced scrapers, as drifts tend to be narrow and crooked. Anaconda Co 
(f,nd of 1938) had 75 shovels, of several makes; in first half 1938, 54 shovels loaded 270 545 
tons, including ore fiom half of all silling operations. Untimbered drifts are 8-9 ft high 
and 6-7 ft wide; timbered drifts, 10-11.5 ft high and 8-9 ft wide, outside of timbers. 
In wide ore, drifts sometimes advance at full width of ore, 16-22 ft. All drifting is con- 
tracted, usually 2, sometimes 3 men (2 drillers, 1 shoveller) on a shift; wherever possible, 
2 or 3 headings are worked by same gang, usually on 2 (sometimes 3) shifts. Working 
practice varies considerably, depending mainly on width of face; for details, see Bib (615). 
Cars are of 3 sizes. Aver loading times: 14-16 cu ft (0.75-ton), 1 min; 30 cu ft (2-ton), 
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2.5 mm, 52 cu ft (4>ton), 4 mm. In one case, 2 adjommg headings, 9 by 7 5 and 9 by 
7 ft, were driven by 3 men on a shift, 3 shifts per day, making “ burned cuts ” with 

2 drills on a carnage, in 1 week of 18 ^ifts, 458 holes totalling 2 960 ft were drilled for 
an advance (both headings) of 100 ft (aver 5 5 ft per round) , week’s work included 
tramming 811 cars to station, and cutting drainage ditch. 

Routme of work in drifting and crosscutting Effic is increased by systematizing 
operations This presupposes reasonably uniform ground conditions, proper equipment, 
experienced men, and competent supervision On completing a round the following is 
the cycle of operations examining the face for missed holes, new set-up, drilling, tearing- 
down, charging, blasting, clearing smoke, and mucking Inclusion of timbering depends 
on strength of ground Track-laying and extension of air and water lines must be fitted 
into the routine in a way to avoid delay and interference Number of drills used depends 
on size of opening, hardness of ground, and the limitations as to hour of blasting and time 
for clearing smoke, m some places, blasting may be done only at end of shift Effic of 
mechanical mucking depends on keeping the loader supplied with empty cars Pro- 
cedure may be governed more by speed requirements than by consideration of cost, 
thus, 3-shift work is usually more costly, but may be desirable for speed Routine may 
best be maintained if there be 2 or more headings in which individual crews may alternate 
their work. Following examples (numbers refer to Table 18) illustrate general principles 

Ex 22, Lake Shore mine, Klirkland Lake, Ont Ground, hard porphyry, diift, 

7 5 ft high, 7 ft wide, 2 drills at face, mounting, column, holes per round, 23, advance 
per round, 6 25 ft, hand mucking, advance per mo, 1G5 ft Routine 7 am to 2 45 pm, 
setting up, drilling and blasting, 2 45 to 7 pm, heading idle, clearing smoke, 7 pm to 

3 am, mucking and laying track 

Ex 62, Lloyd mine, Ishpemmg, Mich Ground, cherty slate, drift, 10 by 10 ft, 2 drills 
at face, on cross-bar, holes per round, 21, advance per round, 6 ft, mucking by power 
shovel, advance per mo, 375 ft Routine 8 to 8 30 am, trimming sides and back, 

8 30 to 9 am, setting up, 9 am to 1 pm, drilling upper half of round and mucking, 1 to 

2 30 pm, drilling lower half, 2 30 to 3 10 pm, tearing down, 3 10 to 3 40 pm, charging 
and blasting, 3 40 to 4 00 pm, clearing powder smoke by blowing with 5-hp fan through 
water spray, same procedure on afternoon and night shifts 

Ex 41, Geneva mine, Ironwood, Mich Ground, granite, drift, 8 ft high, 10 ft wide, 

4 drills at face, on drill carriage, holes per round, 32, advance per round, 6 95 ft, mucking 
by scraper, slide, and 340-cu ft car, advance per mo, 524 ft (3 shifts per day, 26 days per 
mo) Routine 7 to 8 am, setting up, 8 to 11 05 am, drilling, 11 05 to 11 55 am, charging 
and blasting, 11 55 am to 12 25 pm, blowing smoke, 12 25 to 3 pm, mucking, 3 to 4 pin, 
setting up, and so on through 3 shifts 

Ex 53, Creighton mine, Ont Ground, quartz dionte, drift, 10 ft high, 9 ft wide, 

3 drills at face, mounting, vert column and arms, holes per round, 34, advance per 
round, 8 3 ft. mucking by power shovel, advance per mo, 224 ft Roi-tine 8 am to 

4 pm, mucking previous round, drilling, and teanng down, 5 to 10 30 pm, blasting and 
clearing smoke, 10 30 pm to 1 am, timbering, 1 to 8 am, idle 

JCx 33, Magma mine, Superior, Anz Ground, hard diabase, drift, 8 by 8 ft, 1 drill 
at face on cross-bar, holes per round, 23, advance per round, 5 ft, mucking by comp-air 
shovel, advance per mo, 250 ft Routine Work is on 2 shifts, drilling and mucking 
simultaneously Drilling schedule 8 to 8 30 am, traveling to working place, 8 30 am 
to 12 00 m, setting up and drilling, 12 to 12 30 pm, lunch, 12 30 to 2 30 pm, drilling, 
2 30 to 3 pm, charging and blasting, 3 to 3 30 pm, counting explosions in round and 
replacing ventilation tubing into face, 3 30 to 4 pm, traveling to shaft collar Mucking 
schedule 8 to 8 30 am, traveling to working place, 8 30 am to 12 30 pm, mucking, 
12 30 pm to 3 30 pm, laying track, cleaning ditch, making up primers, taking down 
ventilation tubing, 3 30 to 4 pm, traveling to shaft collar Night shift repeats cycle 

Hand mucking vs mechanical loading In about 76% of 79 headings listed in Table 18, 
some form of mechanical loading is used. A similar table of 105 headings, in 2nd edn 
(1927) of this book, showed 13% mechanical loading Small mines are probably not 
adequately represented in either table to make these percentages tnily representative, 
but the data suffice to indicate a marked increase of mechanical loading in recent years 
This does not necessanly signify that mucking costs are always reduced by adopting 
mechanical loading, but saving has often been effected, especially in headings of large 
cross-sec (see Sec 27) Loaders may be used where speed is essential, even though hand 
mucking might be cheaper Sacrifice of cost to speed is often justified where labor is 
cheap but inefficient Table 18 shows that mechanical loading is much commoner in 
large headings than in small In 59 headings larger than 6 by 8 ft, loaders are used exclu- 
sively ip 46 cases, in 4, the muck is hand-shoveled to a conveyer belt, in 20, having a sec 
6 by 8 ft or less, loaders are Used exclusively m only 4 cases; occasionally, m 4 others. 
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Scrapers vs power shovels. Table 18 indicates that both scrapers and power shovels 
are used widely in development headings. Scrapers find greater favor than shovels in 
the soft-ore iron mines of Lake Superior region, while the power shovel seems more popular 
in the “ hard rock ” mines. Data available are not conclusive; continued improvements 
in design are being made in both. 

Timbering in crosscuts is similar to that for tunnels (Sec 6) , but is generally lighter on 
account of smaller cross-sec and shorter life of these openings. This may be true also of 
drifts, but timbering in the latter is often designed to support filling or ore in the stope 
(Art 38-39). Usual forms of drift timbering: (a) half set (Fig 141), cap resting in a 
hitch at one end and on a post at the other; used where back 
and one side of drift require support; (6) 'mREE-QUARTER 
SET (Fig 145, A) cap and 2 posts, used where back and both 



Fig 141. Half Set 



sides require support; is the commonest set; (c) full set (4-piece), made by adding a 
sill to the three-quarter set, is used where the floor is soft (Sec 6). Longit mud sills, 
sometimes found m large tunnels, are seldom used in mines, duo to difficulty of replace- 
ment. In important haulageways and drainage tunnels, lower side walls may be con- 
creted, forming ledges on which to stand the posts. Posts of sets usually have a batter 
of 1.5 to 2 5 in per ft of vert height; increased where lateral pressure is heavy and sets 
must be maintained for a considerable time (Pig 142). Round or sawed timber is used 
for drift sets (for comparison, see Art 49; also Sec 6). Size of timbers. Round timber 
is usually 6 to 12 in diam; for heavy ground and large openings, up to 24 in diam or more. 



Ordinarily, lightest sawed timber used is 6 by 6 in; sizes to 12 by 12 in are common. 
Spacing of sets depends on size of timbers, weight of ground, and length to which avail- 
able lagging will cut without waste; usual interval is 4 to 6 ft; in heavier ground, 2 to 
3 ft; in extreme oases, sets are placed skin to skin. Lagging (L, Fig 142), used to prevent 
falls of ground between sets, is of round 4 to 6-in poles, half-round mill slabs, or 2 to 4-in 
plank. Plank is used wheio tight joints are necessary, and in districts where all timber 
is imported and plank is as cheap as other forms. Length of lagging usually = distance 
c to c of sets; it may cover only back of sets, or back and one or both sides; in rare cases 
sills are lagged also. Lagging on back is usually placed skin to skin ; on sides, open lagging 
(P^ig 142) is generally sufficient. Space between lagging and walls is best packed with 
broken rock. Sprags (stretchers) (Fig 142, S) are distance pieces to brace the sets longi- 
tudinally; they are hea\'y lagging poles, or 4 by 6 or 6 by 6-in timber, cut to fit between 
sets at joint between cap and post, and spiked in place; in shifting ground, feet of posts are 
braced also. Sets are firmly wedged to wall; blocking and lagging often form adequate 
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lateral bracing. Joints. 



Fig 145 


12 "x 12" 


Simple forms are desirable; object is to get full strength of 

timbers with as little 
framing as possible. Fig 
143 shows typical joints: 
(a) is cheapest to frame, 
but cap may split under 
vertical pressure; (h) 
avoids this danger; (c) is 
as good as (6) and cheaper 
to frame; (d) and (e) are 
designed to give both cap 
and post the strength of 
full cross-sec and are good 
where both vertical and 
lateral pressures are heavy. Joint (a) is common for junction of post and sill in full sets. 

Special sets. In heavy ground, sets may be 
reinforced by diagonal braces between cap and post 
(seriously reducing head room unless sets are high) . 

In some cases a second complete set is placed inside 
the first. For heavy moving ground, a set like that 
shown in Fig 144 was developed in the Southwest. 

Squeeze-blocks are put between bridge and set. Out- 
side set IS of lighter timber. Pressure can be relieved 
by removing lagging and picking out back and sides. 

The outer set will fail before main set, and may then 
be replaced without interference with tramming. 

Under a stope, to give height for placing chutes, the 
bridge in Fig 144 may be supported on short posts 
instead of blocks (318). In wide openings, various 
forms of RA.FTER SETS (Scc 6) are sometimes used, or 
center posts placed (Fig 145). At switches and turn- 
outs special sets are required (Sec 11). In soft, 
swelling ground, press on sets can be relieved by 
letting loose material squeeze through spaces be- 
tween lagging; at United Verde Ext mine, vert lag- 
ging of 16-lb rail spaced at 6 in was used in some 
places for this reason, A method foi timbering diifts 
through swelling ground in United Verde and Braden 
mines (Fig 146) gives prompt relief of local press. 

Wall lagging, of plank cut to fit between posts, is 

supported on cleats sloping toward walls; planks can be lifted out for removing loose 

material behind them. Under 
very adverse conditions, in 
some parts of United Verde 
Ext mine, the bulkhead in Fig 
147, composed of scrap ends 
of timber, proved more ser- 
viceable than reinforced con- 
crete (90). For special meth- 
ods of advancing headings 
in soft, heavy ground, where 
timber is required at the face, 
see Sec 6. In rock which 
disintegrates on exposure to 
air and moisture, guniting 
with 2 coats of cement mor- 
tar may often save expense 
of replacing timbers; but it 


Fig 147. Timber Bulkhead, United Verde Ext Mine 
is useless if ground is subject to even slight movement. 

Steel sets are less common in metal than in coal mines (Art 111). Frood mine (93) 
places 7-in Ni-steel I-beams, on 11.5-ft centers, across tops of its footwall haulage drifts 
9 ft wide by 10.5 ft high. Ends of beams are cemented in hitches or rested on concrete 
pilasters. Lagging is of 4-in Ni-steel I-beams (usually 4, spaced across width of drift) 
with blocks and wedges supporting the back. Many mines utilize second-hand steel for 
support of shaft stations or other wide openings. 




-iL. 


Fig 146. 


Shelf Flagging for Loose 
Ground 
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21. RAISES 

General. Raises are preferable to winzes wherever feasible, as they can be driven 
faster and cheaper. When steeper than about 40°, there is practically no mucking cost, 
because broken material falls or slides to level below and is loaded into cars through a 
chute; on flatter slopes, mucking is necessary, but often done cheaply by scraper. In 
strong ground, little or no timbering is necessary where pitch is less than about 45°; in 
steeper raises timber is needed to support men when drilling. Raises at about 45° are 
usually cheaper per ft than those flatter or steeper, but advantage of lower cost over 
steeper raises may be offset by their greater length. Some mines find a pitch of about 60° 
most economical from all standpoints. Vert or very steep raises usually have 2 compart- 
ments, manway and chute, and are carried up like a shrinkage stope (Art 67), only the 
necessary amount of broken rock from each round being drawn to give working space at 



P'lK 148 Enlarginc; a liaise by Stripping 
from Bottom 



Fig 149. Simple V-r\it, Sullivan Mine, Kim- 
berley, B C 


the face. Manway may he separated from chute side by lined stulls, or built of cribbing 
or lagged sets “ Pilot ” raises arc common as first step m sinking large shafts, where 
access is possible from one or more levels; raises aie then enlarged, beginning at top, by 
methods resembling undeiband stoping (Art 35) with great economy in labor of mucking. 
At Braden mine, pilot raises for a large vert shaft were zig-zagged at 50°. Fig 148 shows 
a method of stripping a pilot laise to full see, starting at bottom (522). 

In certain foieign countiies, native lalxir is more adept at sinking winzes than driving 
raises. In such cases winzes are often sunk to meet raises from below', thereby increasing 
development speed without inci easing cost of woik. 

Data on raises in Table 20, goneiously contributed by the managements and engineer- 
ing depaitments of the mines listed, show' present practice (1938) in raising in the US, 
and give infoimation on cross-sec, drill rounds, explosives, speed of advance, etc. 

Cross-section of raises is usually squaie oi rectangular. Width in narrow veins is 
often full w idth of vein; minimum possible width is about 2.5 ft; 3.5 ft is better; must bo 
increased on dips less than 45°. 

Cross-sec should be long enough to provide room for 2 compartments and the necessary 
timbering, also to allow cut holes to l>e placed efficiently; 5 to 7 ft is usual practice in 
small openings. Prospecting or exploratory raises, and those driven solely for ventilation 
in connection with mining, are kept small to reduce cost. Cross-sec of raises for handling 
ore or waste is adapted to amount of material passing and size of pieces. In connection 
with square-set stopes, dimensions of raises are often determined by size of sets (Art 48) ; 
if raise is for inside hoisting, cross-sec is computed as for shafts. 

Drills and mounting. Unmounted stopers are used for raising unless the pitch is very 
flat, in which case bar-mounted drifters may be better. These are sometimes used in 
very hard ground, even in steep raises. Among the examples in Table 20, stopers with 
automatic rotation greatly outnumber hand-rotated stopers. 

Arrangement of holes. In raising, all types of round are used, as in drifts; similarity 
between raising and drifting increases as the dip flattens. Table 20 indicates in general 
the rounds required for different rocks and cross-sec of raise. Fig 149-158 show some of 
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the raise rounds named in the table; numbers at holes indicate order of firing. Where 
timbering is used, round should be planned to minimize injury to timbers; in 2-comp 
raises, cut holes are usually over the chute compartment rather than the manway (Fig 162). 
Number of holes per round for raises is shown in Table 20. Distance between holes 




Fig 150. Uemforcod Center V-cut in 
Tough Sulphides Victoria Mine, Bn- 
tunnia Beach, B C 
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Fig 153. Burned Cut, Homestake 
Aline, Lead, S D. Holes 7 ft--4 in deep 
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Fi^ 151. End V-cut, Wright-Hargreaves 
Alme, Kirkland I>akc, Ont Holes aver- 
age 4.5 ft deep 



Fig 152. Burned Cut, Franklin Aline, 
Franklin, N J. Holes 8 5 ft deep. 
Center hole not loaded, others fired in 
sequence, as numbered, using fuses all 
of same length. Two rounas loaded 
and fired separately. Nos 2-9, Nos 
10-17 



Fig 154. X-cut in Soft Hematite, 
Pioneer Aline, Ely, Alinn. Holes 
4.5 ft deep 


increases with size of cross-sec; larger space allows out holes to l>e placed to better advan* 
tage with a drill of a given length, and deeper rounds can be pulled. 

Loading and tramming from raise chutes (see Table 19 for data). 
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Timbering and general procedure. Fig 159 shows mode of driving a small inclined 
raise (113). Up to dip of 40° no timber is required to support men; above 30°, it is best 
to place small horia stulls 4 or 5 ft apart and 0-10 in above footwall. Muck collects 
behind these, forming steps which aid in climbing raise and supporting drills; the steps 
also catch steel and tools, dropped accidentally. Support for tail-piece of stope drill may 



Fig 156. Pyramid Cut with Blank Cen- 
ter, Burra Burra Mine, Ducktown, Tenn. 
Holes 6.5 ft deep 



Fig 157. Pyramided Draw Cut, Junction 
Mine, Bisbee, Ariz 


Fig 158. Reinforced Draw Cut in Massive 
Sulphides, Pecos Mine, Terrero, N Mex 


be obtained from a plank brace, as in Fig 159. In steep raises, timbering is usually neces- 
sary to support platforms and ladders, even when the ground itself requires no support. 
In small, single-compartment raises, simplest timl^ring is a row of stulls across each end, 
to serve as footing for drilling platforms (Fig 160). The platform is moved up, lound by 
round. Safety of driving raises in this manner decreases as height increases. For larger 
raises, even in strong ground, it is better to divide raise into 2 compartments, one for a 
pipe and ladderway; usually done by stulls or cribbing. Stulls are placed in pairs 4-5 ft 
or more apart along pitch of raise, one at one end of the raise and the other 2-4 ft toward 
the middle (Fig 161). Inside row is lagged to form a partition between manway and 
chute. Platforms may be left as desired in manway compartment and ladders staggered 
for safety. If manway is small, pockets (P, Fig 161) may be cut at intervals of 30-40 ft 
for storing drill and tools. Muck may be drawn completely after each round, but it is 
usually best to draw only enough to give working room at top. Fig 162 shows 2-compart- 
ment raise in strong ground, with cribbed manway. In weak ground, square-sets (Art 47) 
or “ double ” cribbing are often used. Fig 163 shows a double-cribbed raise at Magma 
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mine, Ariz (77) , with 2 sets of 5-ft cribbing. At some other mines side members are single 
pieces, 10-11 ft long, dapped for 2 end pieces, and a single piece to divide the compart- 
ments. The example in Fig 163 is suitable for high lifts in weak ground; a small com- 
partment is provided for a flexible ventilation tube, and another, lined with 1 by 10-in 
plank, for hoisting cribbing and drill steel. Platforms are 20-ft apart, and ladders offset 
at each platform. Vert raises for filling of square-set stopes (Art 47) are usually timbered 
with standard sets, forming part of the regular stope timbering (Fig 165). 

Ventilation of raises, especially those carried up in shrinkage fashion, may be by 
auxiliary fans, delivering air to face through canvas tubing. Often, ventilation is only 
the sm^l vol of air from comp-air line, or exhaust from drills. At Frood mine, Ont, a 
1-in comp-air line is carried into raises solely for ventilation. Careful “ blowmg-out ” 
of raises after blasting is essential to protect miners from CO or other gases. At Mt Isa 
mine, Queensland, 5 by 7-ft raises, pitching 65°-60® to max height of 120 ft above level, 
are ventilated by a diamond-drill hole from the level above, a piece of pipe being cemented 
into its collar and connected to a comp-air lino. This is said to be better than other means 
of ventilation. The drill hole also serves as a guide for direction and inclination, and 
saves surveying work as the raise progresses (500). 

Routine of work in raising. As in drifting and crosscutting (Art 20) , effic is increased 
by systematizing work, and same principles of routine apply. Following examples are 
from Table 20; 

Ex 33. Horne mine, Noranda, Que. Rock, hard rhyolite; raise, 6V2 by 7 ft; inclina- 
tion, 45°; 2 stoper drills at face; holes per round, 23; advance per round, 5 23 ft; no 
timbering; advance per mo, 146.5 ft. Routine: 7 am-3 pm, iig up and dull, 3-4 pm, 
nothing; 4-12 pm, complete drilling and blast; 12 pm to 7 am, nothing. 

Ex 57. Creighton mine, Ont. Ground, disseminated to massive sulphide; raise, 
7 by 11 ft; inclination, 65 °-90°, 2 stoper drills at face, holes per round, 32, advance per 
roimd, 7 ft; timbering, cribbed manway; advance per mo, 97 ft. Routine: (Monday) 
8-10 am, setting up equipment; 10 am-4 pm, drilling; 4-5 pm, nothing, 5-8 pm, drilling; 
8-10:30 pm, removing equipment and staging; 10 30 pm-1 am, blasting cut, 1-8 am, 
nothing; (Tuesday) 8-9 am, scaling, and cleaning bulkhead; 9 am to 1 pm, raising bulk- 
head; 1-4 pm, blasting squaring holes; 5-8 pm, scaling, and cleaning bulkhead; 8.00 pm 
to 1:00 am, cleaning and extending manway and building staging. 

Ex 38. Montreal mine, Montreal, Wis. Ground, soft hematite; raise, 5 by 10 ft; 
inclination, 65°; 1 jackhammer on feed leg at face, holes per round, 10, advance per round, 
4.5 ft; timbering, cribbing; advance per mo, 200 ft. Routine: 7-8 am, mucking; 8-11 
am, timbering; 11-11:30 am, lunch; 11:30 am to 1 pm, timbering; 1-3:30 pm, drilling 
and blasting; night shift, same. Work, 5-day week and 2-shift per day basis. 

Ex 59. Idaho Maryland mines. Grass Valley, Cal. Ground, tough porphynte; 
raise, 5 by 18 ft; inclination, 40°-90°; 2 stoper drills at face; holes per round, 24; advance 
per round, 5 ft; timbering, modified square-set for manway in center of raise (chutes on 
each side); advance per mo, 125 ft. Routine: 8-9:30 am, clean off bulkhead; 9.30 am- 
3:30 pm, raise timber and replace bulkhead; 3:30-5 pm, nothing; 5 pm-l:30 am, rig 
machines, drill, tear down, and blast; 1.30-8 am, nothing. 

22. EXAMPLES OF RAISING 

Frood mine, Ont. Data from operating staff of Internat Nickel Co of Canada, Ltd, 
in 1937 (93). For geol conditions and method of mining, see Art 46. Levels 200 ft 
apart to 2 800 ft; below that, 150 ft. Raises, 7 by 11 ft driven from level to level for 
filling raises for flat-backed square-set stopes. Inclination, 70° or steeper. Reuses are 
driven by shrinkage method, with a cribbed manway on one side (Fig 164), to serve later 
for access to stope from level above, and as foul-air outlet; chute side serves as passage- 
way for fill to the stope below. Equipment: 2 self-rotating stopers with 3-in pistons, 
sets of 1-in quarter-oct steel in 1-ft changes from 2 to 10 ft, and timbering, scaling, and 
shoveling tools. Air and water for drilling supplied through 50-ft lengths of 1-in and 
1/2-in hose, respectively; pipe lines, 2-in for air and 1-m for water, are carried up the 
manway to within 30 ft of face; also a separate 1-in air line for ventilation. Round 
of 32 holes to depth of 7-10 ft, depending on ground conditions, is blasted with 250-350 
sticks 40% forcite, with wooden spacers and clay tamping. Blasting with electric delay- 
action caps and battery. A 6-hole burned-cut (Fig 164), with holes 2 in apart, is used. 
Cut is drilled over chute side and is blasted separately. Raises are usually driven on 
1 shift per day by 2 men, usually completing a round in 3 days. Routine. Cut holes 
drilled and blasted the first day. Cribbing is raised to within 3 ft of face, and the remain- 
ing holes blasted on second day. Chute is drawn, bulkhead over manway cleaned off, 
drill rigging set up, and drilling begun on third day. Timbering. Cribbing consists of 
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5-in squared jackpine, dapped back 6 in from each end. Two pieces of 7-ft cribbing are 
placed from foot to hanging wall about 8 ft apart, as bearers to hold cribbing in place dur- 
ing later stopmg. Chute side of cribbing is lined with 4 by 8-in by 7-ft plank. A 20 by 
24-in plank-lined compartment is carried along the footwall side, in corner of manway 
for hoisting materials during raising. Platforms built every 15 ft, with staggered ladder 
along the footwall. A control chute (Fig 164) is constructed about half way between 
levels, so that the raisemen can more effectively control drawing off broken rock. Chute 
at foot of raise is drawn periodically by the motor-haulage crew. 



Fig 1()4. Plan and Sec of Fill Raise, Frood Mine, Ont 


Lake Shore mine, Ont. Data from L. S. Weldon in 1936 (95). For geol conditions 
and method of mining, see Art 46. Square-sets aie used in driving vert raises for deliver- 
ing waste fill to equal e-set slopes. Raises aie both 2- and 3-compt, with manway for 
access from level above. In 3-compt raise, manway is in center set; chutes on both sides 
permit simultaneous filling of both sections of a double-rill slope. Fig 165 shows 2-compt 
raise. Sots are 8 ft high, with posts on 5-ft 4-in centers; caps and girts, 8 by 8-in; posts 
of light, round timber; chute lining, 3 by 8-in. Round is of 22-28 holes, double-pyramid 
cut over the chute end of raise being commonest. Two drillers and a helper drill the 
round and blast cut holes in one shift. Aver advance, 5.8 ft per round, but skilled 
miners can break 6.25 ft per round. Two timbermen, on next shift, draw the chute, raise 
and block the sets, blast the remaining holes, and prepare for next round. A novel 
feature in square-set raises is a 16 by 22-in opening (“pigeon hole”), cut in chute lining 
below the bulkhead; it serves as a vent to release the force of blasting concussion, as an 
exit after placing the bulkhead, and to aid the clearing of blasting fumes by blowing 
compressed air. 
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Explosion vent,,'-'^ 
and manhole 16 x 22 


United Verde mine, Ariz. Levels, 160 ft apart, are connected by vert or steeply 
dipping, 6 by 11-ft raises. In soft ground, manway at one end is cribbed, 56 in sq in clear, 

with 6 by 8-in pine, set on 
^ edge and notched at corners; 

lined stulls suffice in harder 
j I Double pyramldcnt ground. Round for hard 

|:Bulkhead ground, usually of 32 6-6-ft 

I holes, end-draw cut, drilled 

' stopers, takes 95 lb of 

II Explosion vent,, 11, ^0% gelatin to break 4.75 ft. 

cl i ' [jJI manhole 16 x 22 |j|| Two contract miners, in 1 8-hr 

; ;; m ||| , shift, complote raise at rate of 

o| M Sets of spruce B 0.91 ft per man-day. Cribbing 

8 0 X 5U'k 5'4 centers j or stulls are set to within 7 ft of 

^ III III face after blasting 2 rounds. 

" ■ M S : Broken ore is drawn from chute 

ill L ., ^ III by motor crew on another shift. 

[] 1 ^ n n |f\12 X 12 Fir caps 1 TT [[ / rectangular bucket. 

X.1I. JI i f I L I L I I II i l l II I I II — liuJl/ Champion mine, Mich, con- 

Longit Sec Transverse Sec 

Fig 165. Two-compt Square-set Raise, Lake Shore Mine, nsnallv^'2f^ft^anart^m^ 

Kirkland Lake, Ont usually 200 ft apart m a pro- 

ductive oreshoot (488). Two 
miners, with self-rotating wet stopers, drill and blast a “burnt-round” of 26 6-ft holes 
in 2.6 shifts, working day-shift only; in the firm, hard rock, drilling speed in 1.6-in holes 
is 3.9 ft per hr. A round takes about 84 lb of 40% gelatin. Raise is divided by a row 


Sets of spruce ,, 

8 ‘ O'k 5 U'k 5 ' 4 centers 


t i I in 1 1 i I F-ntiF o 

Longit Sec Transverse Sec 

Fig 165. Two-compt Square-set Raise, Lake Shore Mine, 
Kirkland Lake, Ont 



Fig 166. Top of 4 by 8-ft Raise, 
Champion Mine, Painesdale, Mich. 
(Planks A are laid across at A' when 
men ascend to start a new round. 
Sollar B is to protect main ladder- 
way) 


of stulls 3 ft from one end, 3 ft apart, and lagged on 
the chute side (Fig 166). Uppermost stull is never 
more than 30 ft below face, a wire-rope ladder being 
used to reach staging resting on 2 stulls about 7 ft 
below face. A temporary bulkhead protects the man- 
way, and planks are laid across top of chute while 
men are working. Per ft of raise: drilling and blast- 
ing, 6.6 man-hr; boss, 1.1 man-hr; explosives, 14 lb; 
timber, 8 bd ft. 

Raising through an old filled stope at Silver Plume, 
Colo (Fig 167). One side of raise was next to solid 
rock, but same plan was used wheie raise was entirely 
surrounded by loose material. Filling was well packed, 
and would not run in large amounts. Original vein, 2 
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Fig 167. Raising at Silver Plume, Colo 


to 4 ft wide; walls, fairly strong. Timbering consisted of 3 rows of short stulls about 4 ft 
apart, set in hitches, and dividing raise into a manway and chute. 2-in plank was spiked 
to middle row of stulls, to form a tight partition between compartments. Plank was also 
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used for lagging the outside spreaders. Only half the face of the raise was advanced at one 
time, topmost stuUs on other side being covered with planks to form a roof for protection 
of miner when at work. Excavation was done with a bar, loose material falling into chute 
below. When face had been advanced about 2 ft, temporary stulls a were put in and cov- 
ered with plank. Miner stood under these and barred down face on other side of raise. 
Permanent stulls were put in when raise had advanced far enough, the lagging and partition 
being kept as near as possible to face. Ore in chute was kept as low as possible, so that a 
sudden cave would not fill up chute and imprison men. 

Data on hand drilling in raises and winzes, given in Table 21, are for work done at 
Esperanza mine, Mex, in 1901 (85) ; Mexican labor, 3 8-hr shifts. Figures show clearly 
that the duty of this labor, in cu ft excavated per man-hr, is higher in raising than sinking; 
they also indicate a slightly higher aver duty in raising than in drifting and crosscutting 
(Table 16). Raise No 4 (Table 21), driven by machine drill, shows higher powder con- 
sumption per cu ft than others; this is generally true of machine-driven as compared with 
hand-driven openings. 


Table 21. Raises and Winzes (Hand-drilling) 


c 

Z 


Width, ft 

Height, ft 

Kind of 
ground 

Total length 
raised or 
sunk, ft 

Aver daily 
advance, ft 

Lb dynamite, 
60% Ngl 

Labor per ft 

Av'er 

advance 

per lin ft 

per cu ft 

S.3 

Peon- 

shifts 

Per man- 
shift, bn 
ft 

per man- 
hr, cu ft 


liaise . . 

II 

6 

(c) 

285 

1 04 

2 78 

0 

042 

4 81 

0 93 

0 17 

1.43 

2 

Raise . . 

II 

6 

(6) 

476 

1 31 

! 75 

0 

027 

6.69 

0.82 

0 13 

l.IO 

3 

Raise . . . 

10 

5 5 

(c) 

22 

1 57 

3 36 

0 

061 





4 

Raise * 

II 

6 0 

id) 

629 

1.04 

5 56 

0 

086 

5*27 

0 79 

b *16 

i.36 

5 

Winze 

10 

5 

(a) 

96 

1 33 

1 95 

0 

039 

7.30 

0 48 

0. 13 

0 80 

6 

Winze 

II 

6 

(«) 

58 

0 74 

3 30 

0 

050 

' 7 17 

1 13 

0 12 

0.99 

7 

Winze 

1 1 

6 

(/) 

40 

0 94 

1 20 

0 

018 

! 10 71 

1 66 

0 08 

0 67 

8 

Winze 

II 

6 

id) 

421 

0 76 

4 46 

0 

068 

5 23 

1 21 

0 16 

1 21 


* Driven by machine; all others, hand-drilling, (a) Friable quart! (6) Fairlv hard quarts, 
(c) Fairly hard andebite id) Hard quartz (e) Moderately hard shale. (/) Hard andesite. Ventila- 
tion poor in No 1, 3, 7, fair in No 4 and 8, good m other openings. 


G L. Schmutz in 1920 (623) gives com- 
parative data in Table 22 for powder con- 
sumption in hand- and machine-drilled raises 
and winzes at a Mexican mine. 

More enreful control cut the aver pow- 
der consumption per ft in hand-driven 
winzes to 2 92 lb, in hand raises to 3 02 lb, 
and in machine-driven raises to 6.08 lb. 


23. WmZES 

General. Work is same as for sinking small shafts (Sec 7). Hoisting is done by 
windlass, to small depths. Below 30-50 ft, 2 men are required, and small air or elec hoist 
is best (Sec 12, 15, 16); in some regions this may entail hiring of certificated engineraan. 
In U S, winzes are less common than raises and are seldom for other than exploratory pur- 
poses, as they incur expense for hoisting and possible pumping, and can be advanced less 
rapidly. In So Africa, Mex, and wherever native labor is familiar with underhand work- 
ing, winzes are commoner. They are sometimes drilled by hand, but usually with jack- 
hammers, making an end or center-wedge cut like those in shafts. Examples follow. 

Edwards zinc mine, N Y, sunk a 10 by 7-ft winze, inclined 42°, 300 ft through silicified 
dolomite footwall (253). Round of 33 holes, of which 8 formed a center-wedge cut about 
6 ft deep, was drilled by 3 men, 1 with a mounted jackhammer and 2 with unmounted 
sinkers, on day shift. Same crew laid track of 30-lb rail on steel ties fastened to footwall 
by 1.6-in pins; permanent track ended 20-40 ft from bottom, slide rails spanning the in- 
terval; protective bulkheads were built 60 ft apart. No timbering required, but hoist 
compt was separated from ladderway by stulls and plank. Round charged with 100 lb of 


Table 22. Lb Powder per Ft Advance 
in a Mexican Mine 



Raises 

Winzes 

Hand 

Machine 

Hand 

Machine 

Minimum 

3.0 

3 0 

3 0 

3 0 

Average 

4 5 

5 5 

4 5 

5 5 

Maximum 

7 0 

9 0 

7 0 

8 0 
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gelex, fired electrically with instantaneous caps and 6 delays, usually broke 4.6 ft. Muck- 
ing done on night shift by 3 men, 2 shoveling into 1-ton skip, while 1 operated 60-hp 
elec hoist and trammed to shaft. 

Elkoro mines, Jarbidge, Nev. Entry is through adits. Winzes up to 150 ft deep 
have been much used for both exploration and production; vein averages about 6 ft 
wide and dips 70° (112). Winzes have 2 timbered compartments, 4 by 4 ft clear, hoisting 
with single 24-cu ft skip which dumps into 100-ton pocket above tramming level. While 
sinking, a bucket, of 1 200-lb capac and sliding on round poles, is used. Table 23 gives 
costs per ft (1930) for sinking 646 ft of 7 by 11-ft winzes at 0.36 ft per man-shift in fairly 
hard ground, moving 2 665 tons of rock and ore. Wages, $6.25-5.50 per 8 hr. 

Table 23. Cost per ft of Winze Sinking, Elkoro Mines, Nev 


Labor 

$15 146 
.293 
.936 
.315 
.434 
2.106 
2.762 
.799 
.463 
565 

Man-hours: 

Drilling and blasting 

5 350 

3 443 

5 696 

7 443 

0 310 



Timbering 


Shovehng 

Hoisting and tramming 


Explosives (@23ff lb) 

Supervision 

Timber 

Total labor 

P.vnlnaiVM IK 

22 242 

9 177 

3 065 
19 576 

Other supplies 

Outside, mcl assaying 

Timber lin ft 

Lumber bd ft . . 

Labor was 69 7 1 % of total cost 

General exp 


$23 819 


Mt Hope magnetite mine, N J. Ore below the 1 000-ft level is developed by inclined 
winzes, 8 ft high by 9-10 ft wide, pitching at 14°; rock, hard granitoid gneiss (529). Two 
150-lb drifters mounted on columns make a 22-hole round, including a 5-hole pyiamid-cut 
about 5 ft deep, which is then blasted with 100 lb of 40% dynamite. Mucking usually 
starts in same 8-hr shift and is finished, together with rail laying, in next shift. Ciew ot 
2 drillers, 1 helper, 3-4 muckers, aver 4.8 ft advance in 2 shifts. Contract price, $11.75- 
$12.50 per ft, Co supplying all but explosives. Cost of 809 ft sunk 1930, $19 72 per ft 
Tezuitlan mine, Puebla, Mex, uses winzes sparingly to explore massive sulphide 
deposits (533); sunk 5 by 8 ft with jackhammers, hoisting in 250-lb buckets with air 
tuggers. Hoist compt, 5 by 5 ft, is separated from ladder-way by planked stulls. (>ost 
per ft of 46 ft sunk in 1930-31, at rate of 0.59 ft per 8 hr, is compared in Table 24 with 
cost per ft of 862 ft of raises, of same dimensions and timbering, advanced at 0.921 ft 
per 8 hr. 

Table 24. Winzes vs Raises, at Tezuitlan, Mex 



Winzes, per ft 

Raises, per ft 

Drilling and blasting . 

8 101 man-hr 

US $ 2 540 

10 880 rnan-hr 

US $ 2 2^5 

Timbering. 

1 514 “ 

472 

1 399 

263 

Shoveling . 

15 482 “ 

4 852 

7 172 “ 

1 341 

Hoisting and tramming . 

12 757 “ 

3 996 

13 470 “ 

2 708 

Supervision 

1 873 “ 

551 

1 873 “ 

551 

Surface 


1 235 


1 235 

Total labor 

39 727 man-hr 

$1^646 

34 794 rnan-hr 

$ 8 340 

Explosives (40% gel) ... . 

10 978 1b 

2 503 

5 484 1b 

1 250 

Timber 

27 304 bdft 

.758 

26 212 bdft 

.728 

Power (mainly air-comp) . 

251,43 kw-hr 

.769 

188.58 kw-hr 

.577 

Other supphes 


4 870 


2 960 

Total direct cost . 


$ 22 “’ 546 


$73 *855 


For other comparisons between winzes and raises m Mexican mines, see Tables 21, 22, Art 22 

Mexican Corp. Winzes proved more satisfactory and but slightly more expensive than 
raises for developing steeply pitching sulphide veins in gray wacko and shales, at Frcsnillo, 
Mex (636); this result is due partly to familiarity with jackhammers and scarcity of good 
timbermen. Winzes are 6 by 7 ft, and divided by stulls and planking into a 4 by 5-ft 
hoisting and a 3 by 5-ft ladder compt. Buckets, of 5.6-9-cu ft capac, sliding on 4 by 6-m 
skids, are hoisted with 7.5-hp elec, single-drum hoists. Contract prices (1935) were $6-$7 
(U S) per ft, to depth of 150 ft. 

Mt Isa mine, Queensland, sinks 5 by 7-ft untimbered winzes, usually to connect with 
raised from below, and seldom more than 75 ft deep; inclination, 68°-60°. Ore is shale, 
carrying sulphides. Jackhammer round, of 6 pyramid-cut and 10 wall and corner holes. 
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5 ft deep, breaks 4~6 ft with 30 lb of 60% and 20 lb of 40% gelignite. Windlass used for 
hoisting, as Gov’t regulations require certificated engr for power hoists, and he does 
nothing else. Of 3-man crew, 2 are at bottom while drilling, and at top while mucking (600). 

Alaska Juneau. Data from L. H. Metzgar in 1932. To develop the north orebody 
down to 1 000 ft below haulage level, 2 winzes at 60° inclination were sunk through 
slates, gabbro, and quartz stringers (564). One, 7 by 11 ft, had two 4 by 4.6-ft compart- 
ments, the other, 7 by 13 ft, 2 hoisting compartments and a manway. V-cut rounds were 
drilled with wet jackhammers; 8 cut holes were fired first with 40% gelatin and their 
muck hoisted before drilling rest of round. In smaller winze 3 men, in larger, 4 men 
drilled and blasted on one shift, and a like crew mucked into 0.75-ton buckets on next 
shift; another man ran air hoist. There were 3 shifts per day. Same crews placed 8 by 
8-in timber sets at 6-ft centers. Small flow of water was bailed by hand; 10-in exhaust 
fans provided ventilation. For other data see Table 25. 

Table 25. Winze Sinking at Alaska Juneau 



No 53 
(7X1 1ft) 

No 91 
(7Xl3ft) 


No 53 
(7X11 ft) 

No 91 
(7X1 3 ft) 

Total depth sunk 

1 100 ft 

488 ft 

Costs per ft* 



Men per shift 

4 

5 

Direct labor 

$25 98 

$29 94 

Av wages, contractors 

$9 88 

$10.43 

Indirect labor and super.. 

2.22 

2 55 

“ “ others m shaft. . . 

5 50 

5 50 

Timber and hanger bolts 

2.21 

2 89 

“ “ hoistmen 

4 50 

4 50 

Explosives (22 lb m No 53) 

4.15 

5 66 

Holes per round 

28 1 

34 

Other Bupphes 

1.01 

1 01 

Advance per 8 hr, ft 

0 89 

1 10 

Pow’er 

1.58 

1.25 

“ “ mach-shift, ft. . 

0 95 1 

0 68 




Advance per round, ft ... 

4 74 

4 10 

Total cost 

$37.15 

$43 30 


Winzes sunk with Calyx drill, United Verde mine, Ariz. Data furnished 1939 by C. E. 
Mills, Chief Engr. Calyx drilling at this mine has been for* (a) sinking vert waste chutes 
for filling stopes (Art 62) , (b) ventilation openings, where vol of air passed does not exceed 
60 000 cu ft per min , (c) exploratory shafts. The Calyx is not intended to displace usual 
drilling in raises, and is not applicable to following of irregular orebodies; it is limited 
also to nearly vert holes. A drill making a 4-ft hole began in Oct, 1937, and to end of 
1938 made 863 5 ft, mainly on 1-shift (2 or 3-man) work; one hole, 241 ft, was for shaft 
development; another, 281.5 ft, for ventilation; and 4 holes were for passing fill. 

(^alyx drilling of large holes is described in Sec 7, 9. Fig 168 shows arrangement in 
United Verde mine. Usual design of di illing barrel was improved by making it of 2 concentric 
0 5-in shells spaced 3/g in apart by a filler plate slotted so as to deliver water and shot 
directly under cutting edge. Total equipment, incl rods, weighed 14 tons; cost, $12 800. 
For a 10-ft drill spindle, station excavation is about 22 ft high, 4 by 6 ft at top, and 8 by 
16 ft on floor. Speed and cost. Footage per drill-shift depends on hardness of ground, 
its condition as to fracturing, cementing required, and vol of water raised. Badly fractured 
ground, which can not be cored or pulled, incurs delay for hand mucking. Best month’s 
progress at United Verde, 133.5 ft in 51 shifts. Table 26 gives effic data and direct operat- 

Table 26. Data on Calyx Drilling of Winzes, United Verde Mine 


Typical time distribu- 
tion, aver ground: Drill- 
ing, 39.1%; Pulling rods, 
10 9%; Pulling core, 10.1%, 
Mucking core, 14 6%; 
Pumping or bailing, 6.9%; 
Jiepairs, 0 4%; Miscella- 
neous, 4.8%; Delays, 0.6%; 
hunch and changing shifts, 
12 6%; Total, 100%. 

(Note a). Usually 3 
men @ aver $6 per shift; 
reduced to 2 men when 
drilling alone oooupiee a 
whole shift or more. 


Aver cost of cutting stations $345 

Aver cost of moving and setting up drill 285 



Aver 

ground 

Hard sihc 
sulphide 

Aver 

Depth of holes, ft 

281 5 max 

56.5 min 

144 

Footage per drill-shift 

2.76 

0 79 


Speed, in per hr 

14.1 

1.57 


Drilling time, % of total. 

20.4 

72 2 


Shot, lb per ft of hole . . 

22.8 

103.5 

40.7 

Hit w’ear, in per 100 ft of hole . 
Direct operating coste, per ft: 

6.6 

42.9 

14.9 

Labor (a) 

$6 62 

$19.00 

$10.77 

Shot 

2 92 

7.16 

3. 18 

Other supplies 

1. 13 

0 07 

0.67 

Timber and explosives 

. 18 

.05 

.10 

Electric power 

25 

89 

.55 

Total 

$11 10 

$27 17 

$15 27 
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ing costs. Chief advantages of calyx drilling (where applicable) compared with raising 
are: (a) relative safety; (6) avoidance of dust and difficult ventilation; (c) in case of waste 
passes, no interference with stoping. Chief drawbacks are cost of cutting drill stations, 
moving and setting up equipment, and relatively high price of drill. ^ 

Winzes sunk with Calyx drill, Butte, Mont. Data in 1939 from J. A. O’Neill, Eng 
Hesearch Dept, and J. J. Carrigan, Gen Supt, Anaconda Copper Mining Co. At Butte, 
Calyx holes are used for ventilation during development of lower levels. On starting a 

new level from a shaft, a 
hole is drilled from the 
next higher level at a 
point 100 ft or more from 
shaft, and used to exhaust 
air from lower level; this 
leaves the whole shaft 
area free to furnish fresh 
air, and eliminates parti- 
tioning it for up-cast and 
down-cast. A second hole, 
1 000-2 000 ft farther from 
shaft, or near the main 
orebody, serves same pur- 
pose when development 
has proceeded that far. 
The first hole, near the 
shaft, may then be used 
for pipes or other service. 
Holes are 100-150 ft deep, 
and can pass 20 000 cu ft 
of air per min by using a 
high-speed fan. 

The drill bit used at 
Butte is 36 in diam, over- 
all length, 6 ft; rotated at 
100 r p m by a 30-hp elec 
motor. Equipment in- 
cludes a single-drum air 
hoist for handling pumps, 
mucking bucket and ce- 
menting ring. Two sizes 
of shot used: Vie-Vs-ui in 
soft ground, and Vie-m or 
finer in hard ground. The 
bit developed at Butte 
consists of a cast-steel 
cutting shoe with 1.25-ia 
wall, having shot tubes ex- 
tending from tops of slots 
in the cutting shoe to top 
of core barrel; this avoids 
Fig 168. Set-up of Calyx Drill, United Verde Mine, Jerome, Ariz introduction of shot be- 
tween inside of bit and the 

core. A special hoisting bail, for pulling bit out of the hole, has an air connection which 
admits air under press and assists in raising the bit to the water level in the hole. Water 
is pumped from the hole by a high-head, single-stage centrifugal air-driven pump, using 
3-in fire hose for discharge, and 1-in air hose for power. Mucking of broken cores is done 
with short-handled tools and a special bucket. Solid cores are handled as usual, with 
a core puller when necessary. In weak ground, walls of holes are cemented with quick- 
setting cement, using a collapsible steel-ring form 4 ft high, thus avoiding re-drilling of 
cemented sections. Drilling station is usually a crosscut from main drift; floor area, 
about 13 by 14 ft. To pull and store 20-ft rod sections, an excavation 20-25 ft high and 
7 by 7 ft horiz.sec is necessary over the hole to be drilled. Operating cycle: (1) drilling; 
(2) pumping; (3) pulling core or mucking; (4) cementing if required. Drilling (incl 
pulling bit) takes about 40%, pulling core and mucking about 30%, pumping 10%, 
cementing 10%, and misc work (delays and repairs) about 10% of total operating time 
after drilling begins; these figures vary considerably from hole to hole, depending upon the 
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kind of ground, amount of cementing required, and water encountered. In hard ground, 
drilling speeds of 10-12 in per hr have been made. Shot required, 11-25 lb per ft. Be- 
tween 1.6 and 3 ft of hole is finished per shift. Cost per ft of hole, $15 to $25, incl cost 
of machine, installation, and operation. 


EXPLOITATION 

24. GENERAL CLASSIFICATION OF MINING METHODS 

Fundamental differences between underground methods of mining metals and coal, 
and between placer and other forms of surface mining, suggest the following general 
classification : 

I. Underground Metal-mining Methods (Art 25 to 93) 

II. Open-cut Methods (Art 94 to 101) 

III. Coal-mining Methods (Art 102 to 111) 

IV. Placer-mining Methods (Art 117 to 131) 

26. CLASSIFICATION OF UNDERGROUND METAL- 
MINING METHODS 

General. These methods are based largely on the means of supporting the country 
ROCK, and the ore itself, during stoping. Timber is generally required for auxiliary or 
temporary support. In some cases, timber is used only locally, to support men or slabs of 
rock or ore; in others, large amounts are employed, as an integral part of the method. 

General plans underlying most of these mining methods are: (a) Surface and over- 
lying rocks are supported by permanent pillars left in the orebody; chambers or stopes 
are excavated between pillars, the removal of the ore being incomplete. (6) Chambers 
are excavated in the orebody, with or without use of timber, and filled either contempo- 
raneously or subsequently with w’aste (as broken rock, sand or gravel). Under the sup- 
port afforded by filling, the pillars are mined; filling, if contemporaneous, serves also 
to support men and stope walls during mining, (c) A small section of the orebody is 
mined and overlying material allowed or forced to cave, the process being lepeated in 
adjacent sections. Or, successiv^e portions of the deposit are undermined and then 
broken dowm by weight of the overlying rocks, sometimes assisted by their own weight. 
Caving methods make no attempt to support the surface above the deposit. 

These general plans are combined and varied in many ways. In veins or masses, 
the blocks of ore between level? are usually mined in descending order; to facilitate 
supervision, stoping is concentrated on as few levels as possible; number of levels (lifts) 
worked simultaneously depends on the size of deposit, distribution of “pay” ore, and 
output required. In large, uniform deposits, the ideal procedure is to develop one lift 
while that above is being mined, and at same time to sink the shaft to the level below. 
Relative times reiiuired for these 3 opeiations, together with the nature of orebody, 
determine sequence and extent of development work in advance of mining. Develop- 
ment on a level is often not completed before stoping has been started on that level. In 
flat beds, mining and development may proceed almost simultaneously, the -workings 
being extended outward in all directions from point of entry; such methods are called 
advancing systems of mining. In retre.ating systems, development openings are first 
driven to the property boundaries, where mining begins, the working faces being carried 
back toward point of entry. These tei ms apply also to woi k in veins and masses. 

Factors determining applicability of underground metal-mining methods: shape, size, 
regularity, and dip of orebody; mineralogical character and value of ore; distiibution of 
pay ore; strength and physical character of ore and of wall rock or overlying material; 
relation of deposit to surface and to other orehodies and to existing shafts on same property; 
class of labor; availability, chaiacter, and cost of timber and material for filling. 

These factors are interdependent and of varying importance. The method chosen 
must be safe and should give maximum profit and extraction. Last 2 factors are closely 
related, since a method which sacrifices part of the orebody often yields maximum total 
profit. High-grade orebodies usually call for some form of a selective and relatively high- 
coat method of mining that results in max extraction. Low-grade orebodies usually call for 
low-cost methods, which may yield a relatively low extraction. If possible, such methods 
should be so planned that low-grade ore and pillars, left on first working, may bo recovered 
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in the future if desired. Improvements in mining and metallurgical processes constantly 
tend to lower the tenor of profitable ores. Moreover, extended periods of high prices of 
metals may permit profitable mining of ore left standing in times of lower prices. 

Classification of underground metal-mining methods. A logical classification, based 
on the factors outlined above, is impossible, because of their complex relations. Type 
OF STOPE is used here as a basis of classification; the stopes themselves are grouped, accord- 
ing to modes of supporting walls and men, as follows: 

I. Open Stopes (Art 29 to 44) IV. Shrinkage Stopes (Art 67 to 69) 

II. Timbered Stopes (Art 45 to 57) V. Caving Methods .... (Art 70 to 82) 

III. Filled Stopes (Art 59 to 66) VI. Combined Methods . (Art 83 to 88) 

This arbitrary classification is adopted for presenting the details with a minimum of 
duplication. For more detailed classification of metal-mining methods from standpoint 
of their applicability to different types of orebody, under different conditions as to char- 
acter of ore and wall rocks, see Art 93. 


26. BREAKING GROUND IN STOPES 


Breaking ground covers the work of blasting, including locating, drilling, charging, 
tamping and firing drill holes. For charging and firing, and choice of explosive for 
different kinds of work, see Sec 4 and 5. 

Fig 169 shows a drill hole AB in vertical section; top A and bottom B of a hole aie 
called its collar and toe. Holes pointing downward aie down holes or water holes, 
water being usually kept in them while drilling, hoiiz holes, or those at 
a slight angle above or below, are flat holes (FT, Fig 173), holes 
drilled steeply upward are uppers (CP, Fig 173) , flat holes which will 
not hold water, and uppers, generally were called dry hole.s prior to 
development and general use of “wet’’ stoper and hammer drills (see 
Sec 15). In Fig 169, the rock surfaces CD and DO are free faces, and 
EF is the line of least resistance of hole AB. Length of line BG, 
at right angles to AB, is the burden on the toe of the hole. (For 
further data on blasting, and remarks on Theory of blasting, see Sec 
5). In practice, the arrangement of holes and weight of charge are 
matters of judgment, based on experience under similai conditions and 
modified by experiment with the rock or ore to be broken. Method- 
ical placing of holes, guided by a mechanical device (Art 33), improved stoping effic 
in certain So African gold mines; adjustment of the device is based upon experiment. 

Breast stoping. Ore is broken by flat or slightly inclined holes, dulled in a vertical 
face (or breast) of considerable lateral area, which is being advanced in a horiz or nearly 
horiz direction; work resembles that of advancing the face of a very wide drift. This 
method is used in flat, thin beds; also in parts of masses or wide veins, to piovide openings 
for other methods of attack (Art 30). 

Slabbing is a term often used to des- 
ignate breaking ground by taking a slab 

off a free face as at A, Fig 170. It is also \ ^ I ^ 

called slashing or sideswipinq. 

Underhand stoping. Ore is broken in 
horiz slices, in descending order; miners 
stand on ore and drill holes downward; 



Fig 169. 



Horiz sec 

Fig 170 Slabbing 


for different forms of stope which result, 
see Fig 205 to 211, Art 35. Certain applications of underhand stoping are called benching. 
See Fig 182, 183, 188, and accompanying text. 

Overhand stoping. Ore is broken in horiz or inclined slices, in ascending ordei ; miners 
work beneath and close to back of stope; holes may bo fiat, uppers, or down holes. For 
different forms of overhand stope, see Art 38, 39. 

Underhand and overhand methods are employed under widely different conditions as 
to size and nature of orebody; in both, the stope faces are usually maintained in steps or 
benches (Fig 205, 222, 224). Ore is blasted in blocks from free ends of benches; in nearly 
all cases there at least 2 free faces, to which a hole can break. 

Caving (Art 70-82) . A portion of the orebody is undercut and allowed to fall and crush 
under its own weight. 

Objects sought in breaking ground are: (a) to break ore from stope face; (6) to break 
ore iiito pieces of a size suitable for handling. 
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Very large pieces of ore clog chutes and mill-holes and can not be handled in cars; 
they must often be broken in stopes by sledging or blockholing (Sec 6) , thus requiring 
additional labor and explosive. On the other hand, while shallow holes, close spacing 
of holes, and high grades of dynamite, all produce fine breaking, they do so at greater 
cost. These factors are usually easily adjusted in narrow stopes; in wide deposits 
and in large-scale operations, tendency is to increase depth and spacing of holes and to 
blockhole large lumps (extreme case. Fig 174). Use of large loading chutes and gates 
(Art 90), large mechanically hauled and dumped cars, and primary crushers underground, 
permits coarser primary breaking and reduces amount of blockholing. Ideal practice is 
that in which cost of breaking from face plus cost of blockholing to a size that can be 
efficiently handled is a minimum ; plans adopted depend on costs of labor, explosive and 
power; the jackhammer drill has greatly cheapened blockhohng. In general, breaking 
of ore in stopes to a smaller size than necessary for handling should be minimized. 

27. BREAKING GROUND IN STOPES BY HAND DRILLING 

General. Conditions for hand drilling: (a) in narrow veins, for breaking ore with 
minimum admixture of waste; often, narrower stopes can be carried by hand than by 
machine; stope-dnlls compete with hand drilling in this respect; (6) in mines of small 
output, usually of high-grade ore, where tonnage does not justify cost of compressor and 
machine drills; (c) where power is costly and labor is cheap and unskilled; such con- 
ditions led to former extensive use of hand drilling in the Rand mines (Art 33) now almost 
completely replaced by jackhammers; (d) in very soft ores, where hand auger drills may 
be preferred to power augers or pluggers with auger bits; (e) in the early life of mines, 
where sloping is started to provide funds liefore exploration has proceeded far enough to 
warrant large investment for plant: (/) for various local reasons, as: 

At a mine in Park City, Utah, ore was sorted in large stopes into smelting and milling grades; 
drilling was easy and hand work favored because it allow'ed careful breaking, which aided sorting. 
At another mine, orebody w'as so flat and thin that machine drills could not be used and most drilling 
was done single-hand. At the old and extensive mines of Potosi, Bolivia, newer workings have mod- 
ern equipment. Amounts of ore left in old levels do not justify cost of installing air lines, hence, such 
ore 18 still mined by hand drilling. Before introducing wet stopers at Tintic, Utah, hand drilling was 
used to reduce dust in mining soft galena ores, which entailed danger of “leading" the miners. 

Single-hand drilling is done in medium hard ore, a miner drilling 4 to 7 ft of hole per 
shift; speed of dulling vanes widely with character of rock; in many districts, men on 
day’s-pay di ill a certain number of holes or footage and no more, regardless of kind of ground. 

I'astest drilling is usually done m vert water-holes, speed decreasing jis inclination of 
hole flattens and is least for horiz holes or flat uppers. Speed increases in steep uppers, 
provided (a) ground is dry, so that cuttings run out freely; (6) skilled hammermen are 
available; (c) there is room for minor to get a full arm swing. These relationships vary 
with the rock, and should be considered in planning sloping operations. Speed of drilling 
decreases with depth of hole. Economic limit for single-hand holes is about 3 ft; usual 
depth in stopes, 2 to 3 ft; 3.5 to 4.5-lb hammers are used; drill steels, 3/4 to 7/g in (Sec 6). 

Double-hand drilling is done in haid ground, increase in speed is not proportional to 
increase in labor. It is best applied to nearly vert down holes, as in underhand stopes; 
rarely ustid for systematic stoping w'ork in U S. Drill steel, ^/g to li/g in; hammers, 6 to 
8-lb; ordinary depth of holes, 4 to 6 ft. 

In very soft ores, churn drills (jumpers) or hand-augers are more effic than single-hand 
W’ork (Sec 6). Churn drills are best in down holes, and under suitable conditions will 
do faster work than any other hand drill; they have a very limited application in stoping. 
Augers are used for breast and down holes; both auger and churn drills require soft ore, 
free from hard streaks or nodules. Where the latter are present, or where the ground 
“ravels,” bits with pyramidal points (“bull points”) struck wuth a single or double-hand 
hammer are sometimes used to break up such obstructions. Layout of hand-drilled holes 
is similar to machine drilling (Fig 171-175); stope faces are carried in benches 2-3 ft high; 
holes are roughly parallel to free faces, but work is not systematic, since a hand miner 
utilizes slips and irregularities of face to aid in breaking ground; hence, consumption of 
explosive per ton broken is usually less than with machines. 

Minimum width of stope that can be carried by hand drilling is usually 2.5 ft; narrower 
stopes may be possible in thin, steeply dipping veins, with well marked slips on vein walls, 
but men work at a disadvantage in them; mm limit of width is increased by flat dips. 

Data on stoping by hand drilling. Following data, though old, still illustrate duty of labor in such 
work; the number of skilled hammermen in the U S has decreased greatly in the past 20 years. 
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Stakdard CoNsoLiDATUD MiNB, Bodio, Cal. C. E. Grunsky gives following data for 1912 (84). 
Narrow auriferous veins occur in firm, fairly hard andesite. As dips were steep, there was no han- 
dling m stopes except for shoveling to chutes. Vem matter was hard banded to soft, porous, granular 
quarts; sometimes a soft clay, containing quarts stringers. Drilling was smgle-hand. Stopes were 
back-filled with waste, excess waste being hoisted to surface. Stopes were kept as narrow as possible; 
mini mum width, 1.5 to 2 ft. Table 27 shows effect of width of vein on output per man stoping, it is 

based on tons ore, not on tons of vein and 
wall-rock broken. Aver powder consumption 
was about 2.4 lb per ton broken, and in 
veins with hard ore and walls it exceeded 
3 lb per ton. A small Mexican mine. Data 
from R. H. Allen (129). Vein, 10 to 80 ft 
wide; foot wall, > strong rhyolite breccia, 
hanging wall, badly broken andesite; as 
ore was soft or cut by clay seams, it re- 
quired but little explosive. Overhand stopes 
were supported by square-sets (Art 45), 
filled with waste to withm 1 floor of the 
back; vem was nuned in 15 to 24-ft sec- 
tions, along strike All labor was Mexican, 
single-hand drilling; 9-hr shifts. Figures 
cover 7 months of 1912, during which time 
17 253 tons of ore were mined. Table 28 
gives details. Berlin, Nbv. Very hard 
quartz vein, carrying gold and silver, aver 
width, 2 4 ft; dip, 22° to 43°; wall rocks, 
strong andesite; vein mined by overhand stoping in open stopes; very little wall rock was broken, 
drilling was single-hand, holes flat or pointing slightly down A miner averaged 3 20-in holes per 
8-hr shift; 33 6 pieces of drill steel dulled per miner-shift. In Apr, 1905, 948 tons ore were broken in 
809.25 miner-shifts * 1.16 ton per shift. Daly Judge mine, Park City, Utah. In 1907, single-hand 
miners averaged 12 ft of hole per shift in soft ore and 6 ft in quartzite. Tintic, Utah. L, A. Pal- 
mer gives data on work m 1912 (135). At Sioux Consol mine, much ground was so soft that holes 
for blasting were made by a pointed 
steel (“bull-prick”); 1 man broke 25 
tons per shift. At Iron Blossom mine, 
in overhand square-set stopes, medium 
hard ore, 1 single-hand miner broke 7 
to 10 tons per shift. Franklin Fur- 
nace, N J. Before machine drills were 
introduced, 2 men, drilling double- 
hand in ore like tough limestone, put 
in 3 holes totalling 8 ft per 10-hr shift, 
breaking about 8 tons, or 4 tons per 
miner-shift (98). Negauneb, Mich. In 
1904, speed of drilling 5-ft water holes, 
double-hand, in soft hematite, was 
about 4 ft per hr; bands of jasper in 
the ore reduced speed greatly (136). 

Cavour mine, Virginia, Minn (in 
1914). Ore was soft] hematite, some- 
what harder than usual Mesabi ground. 

2 miners with hand augers made 5 6-ft 
holes in about 2 hr Air-driven augers 
averaged 1 ft per min (137). British 
Columbia. Double-hand drilling of 
6-ft water holes in firm augite por- 
phyry; starting bit, 1.76-in; finishing 
bit, 1.26-in; 7/g-in steel. 2 men aver- 
age 14.8 ft of hole per 10 hr (133). 

Braden Copper Co, Rancagua, Chile. 

In 1909 native miners averaged 13 5 
ft of holes per 9 hr, single-hand; ore 
is fractured and^ brecciated andesite 
and tuff, moderately hard (138). El 
Tigrb mins, Sonora, Mex. In vert (a) Proportionate part of bosses* time, (b) Shovelers in 
quarts veins about 4 ft wide, Mexican stopies. 
contract labor, drilling single-hand in 

overhand stopes, put in about 10 ft of hole per shift. So Africa. Before introducing jackhammers 
in Rand gold mines (about 1920), most drilling in reefs less than 6 ft wide was done single-hand, in 
down holes, with 7/8-in steel. In hard, imoxidized ore (Art 33) a Kaffir “boy” made 1 3-ft hole per 
shift, brealdng about 0.6 ton of ore;| inistopes less than 3 ft wide, holes were usually 2 ft deep, in 
soft oxidized ore, driUing rate was doubled. Rhodesia. Quartz veins dip 66°. Native single-hand 
drillers make about 2 ft of hole per shift in hard quartz. Stoping is generally underhand; holes, 2 
to 3 ft deep; a 2-ft hole in a stope 4 ft wide breaks about 0.6 ton of ore, if stops face is well 


Table 28. Overhand Stoping by Hand; 
Mexican Labor 



Total 

shifts 

Shifts 
per ton 

Tons per 
man- 
shift 

Shift bosses (o) 

236 85 

0 0138 

72 80 

Miners 

3 488 33 

0 2021 

4.94 

Shovelers (6) 

1 382 40 

0 0802 

12 48 

Powder boys . 

311 25 

0 0180 

55 40 

Blacksmiths 

163 50 

0 0095 

105 50 

Total 

5 582 33 

0 3236 

3 09 


Quantity 

Tons 


Total 

Per ton 

per unit 

Dynamite, 40% 

1 194 3 1b 

0 0692 

14 49 

Fuse 

7 826 0 ft 

0 454 

2 20 

CaiM, 5 X . 

4 162 0 

0 241 

4 15 

Candle, No 15 L. 

28 800.0 

1 67 

0 60 

Carbide . . . 

98.0 1b 

0 0057 

176 0 

Drill steel . . 

no 0 lb 

0 0064 

155.3 

Pick steel 

3 61b 

0 0002 


Hammers ... 

4 0 



Shovels, No 2 D. . . 

34 0 

0 002 

! 507.0 

Picks 

6.0 

0 0004 


Handles 




Blacksmith coal 

4 090 lb 

0 237 

i 4.22 


Table 27. Overhand Stoping by Hand. 
Narrow Veins 


Width of vein, in 

Vein 

filling 

Dip of 
vein 

Tons ore 
broken 
per 

man- 

shift 

Aver 

Variation 

From 

To 

3 

5 

5 

8 

9 

12 

18 

28 5 

4 

6 

8 

'9^ 

'6 

6 

17 

13 

18 

20 

42 

Hard 
i Hard 

Soft 

j Medium 1 

1 hard j 
Hard 

Soft 

Steep 

Steep 

Steep 

Flat 

Flat 

Steep 

Steep 

Flat 

0 38 

0 42 

1 21 

0 91 

0 99 

1 46 
1,44 

1 91 
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benohed (139). Russia Eiderlmsky gold mines (1915) Quartz veins 2 to 7 ft wide, dipping 28® to 
71®, occur in granodionte In hand-mined stopos, 2 native miners, working double-hand on a bonus 
system, drilled up to 10 ft of hole per 8 hr Mm task per shift was 4 42 ft of horiz hole in over- 
hand stopes, or 5 83 ft of water hole in underhand stopes 7/8-in steel was used, with cutting 
edge from 1 to 1 5 in (140) Chiksan mines, Korea (m 1914) Gold ore occurs in shoots in 4 
to 8-ft quartz veins, dipping 65° or over, country rocks, schist and granite Korean contract 
miners, working overhand in shrinkage stopes, drilled 4 ft of hole per shift, breaking 0 5 to 0 57 
ton per man-shift, consumption of 60% gehgnite was about 0 4 lb per ton (87) 

28. BREAKING GROUND IN STOPES WITH MACHINE DRILLS 

(For definition of names of machine drills as used here, see Art 20) 

Breast stopmg See Art 30 

Underhand sloping (see also Art 35, 36) Fig 171 shows 1 bench of an underhand 
stope All holes are down holes, usually m rows across the stope Jackhammers are 
commonly used for this work, but occasionally mounted hammer drills are preferable, 
the latter are mounted on tripods in wide stopes or on bar mounting in stopes up to 8 or 
10 ft wide Height of benches depends on width of stope, nature of ground and size 
desired for broken ore, depth and spacing of holes vary widely, depending largely on 


Fig 173 (In wide stopes, this 
IS a \ert, longit sec, m narrow 
veins, a sec in plane of vein) 

last two factors High benches can not be broken efficiently in narrow stopes, usual 
height in stopes up to 10 or 15 ft wide is 6-8 ft 

Usual limit of depth of hole by either heavy mounted hammer drills or jackhammers, 
16-20 ft Deep holes make for cheap breaking, objections to them (a) long steels are 
awkward to handle, (6) ore may break in large pieces difficult to handle along stope face 
Objection (a) has been overcome m some mines by jointed drill steel Objection (6) may 
not be serious, deep holes usually make steep stope faces, where large pieces come to rest 
at foot of bench convenient for blockholmg Usual depth of holes in wide underhand 
stopes 18 less than 12 ft Burden broken with holes as m Fig 171 depends on local con- 
ditions and must be determined by trial In easy ground, max distance between holes 
and between rows of holes is 0 75 to IX depth of hole (Art 26) In tight ground, at 
Alaaka-Treadwell, 12-ft holes were 6 ft apart in rows 2 5 ft apart, and staggered as in Fig 
172 (133) For further detail, see Breast stopmg, Art 30 

Overhand sloping comprises stepped-facb and i-lat-back stopes (Art 38) Fig 173 
shows a stope face Benches are broken by flat (breast) holes, running across stope, as 
FT, or by uppers, UP Uppers pointed as at IC cause cuttings to fall clear of drill In 
nariow veins, uppers are parallel to dip to avoid breaking into walls For safety and 
economy, stope face should be kept normal to dip 

Uppers vs breast holes In general, uppers are more apt to make a ragged stope back 
than breast holes With breast holes, miner is less exposed to danger of ground falling 
from jar of machine Hence, for safety, breast holes are preferable m wide stopes In 
schistose ground, choice may depend on direction of schistosity, because in some mines 
holes parallel to it are difficult to drill and break badly Improvement of stopers m recent 
years, including automatic rotation, makes uppers preferable wheie ground conditions 
allow their use Stoper dulls avoid the loss of time in setting up and “tearing down’* 
mounted drills Less skill is required to operate stopers than mounted drills 

Uppers are common m overhand nariow stopes on steep dips, breast holes are used 
in such stopes on low dips This is true of both hand and machine drilling, type of drill 
used also affects choice (see below under Choice of drills for sloping) Uppers may be 
drilled with either mounted hammer oi stope-di ills, usually the latter, breast holes, with 
hammer drills, which, in stopes up to 8 or 10 ft wide, are mounted on bars, in wider stopes, 
usual mounting is a column braced between back of stope and filling or timber 

Height of bench in machine-driven, overhand stopes depends on same factors as for 
underhand work In narrow stopes, benches are 3-6 ft high, in wide stopes, breast-hole 



Sec Fig 172 Plan 
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Table 29. Breaking Ground in 


Ex- 

ample 

Mine and location 

Type of ore 

Dip 

Stoping method 

Width 

of 

stope, 

ft 

Drills 

Type 

1 

Scott, Hockerville, Okla 

Mainly hard flint 

Hor 

Breast and 







bench 

8-120 

Drifter 

2 

Mullen, Shullsburg, Wis. 

Soft to med 


Breast and 





dolomite 

Hor 

bench 

8-100 

Jackhammer 

3 

Bonne Terre, Bonne 



Breast and 




Terre, Mo 

Dolomite 

Hor 

bench 

15-300 

Jackhammer 

4 

Muscoda No 6, Bea- 

Hard oolitic 


Room and 




semer, Ala 

hematite 

15** 

pillar* 

no 

Drifter 

5 

Limestone No 5, Bes- 



Room and 




semer, Ala 

Hard limestone 

17" 

pillar* 

30 

Drifter 

6 

Empire Star Group, 

Quartz veins m 




Stoperand 


Grass Valley, Cal . 

diorite 

l5“-35" 

Oiien overhand* 

4-5 

jackhammer 

7 

Conglomerate, Calumet, 

Folsitic 






Mich 

conglomerate 

38° 

Open overhand 

* 

Drifter 

8 

Ahmeek, Ahmeek, Mich 

Amygdaloid 

38° 

Open overliand 

37* 

Drifter 

9 

Lake Shore, Kirkland 







Lake, Ont 

Hard porphyry 

80° 

Open overhand 

6 25 

Aut-rot stoper 

10 

Lloyd Ishpeming, Mich 

Med soft hematite 

70° 

Sub-level 







stoping 

30-70* 

Jackhammer 

11 

Hiawatha No 2, Stam- 



Sub-level 


Drifter and 


baugh, Mich 

Hard hematite 

45°-90° 

sloping 

50 

jackhammer 

12 

Bates, Iron River, Mich 

Hard hematite 

70°-90° 

Sub-level 


Dnfter and 





stoping 

50 

jackhammer 

13 

Balmat, Balmat, N. Y. 

Mass sulphides and 


Sub-level 





altered limestone 

30°-90° 

stoping* 

30-100 

Jackhammer 

14 

Horne, Noranda, Que 

Massive sulphide 

90° 

Sub-level 







stoping* 

60 

Drifter 

15 

Horne, Noranda, Que 

Hard rhyolite 

90° 

Sub-level 







stoping* 

105 

Diamond drill t 

16 

Burra Burra, Ducktown, 

Hard massive 


Sub-level 


Dnfter and* 


Tenu 

sulphide 

50° 

stoping 

10-40 

jackhammer 

17o 

FIm Flon, Flin Flon, Man 

Massive sulphide 

63° 

Sul)-level 







stoping* 

30 

Drifter 

176 

Flin Flon, Flin Flon, Man 

Massive sulphide 

65° 

Sub-level 







stoping* 

30 

Drifter 

18 

Sullivan, Kimberley, B C 

Massive sulphide 

23° 

Spiral bench 







glory-hole 

60 

Drifter 

19 

Idaho Maryland, Grass 

Medium hard 






Valley, Cal 

quartz 

50°-80° 

Shrinkage 

3-6 

Aut-rot stoper 

20 

Dome, So Porcupine, Ont 

Hard quartz- 







ankentc dike , 

65° 

Shrinkage 

5 

Aut-rot stoper 

21 

Nevada-Mass, Mill City, 

Massive garnet. 






Nev 

scheelite, etc 

70° 

Shrinkage 

5-6 

Drifter 

22 

Frisco, Chihuahua, Mex 

Hard massive 







sulphide 

60°-70° 

Shnnkage 

10 

Drifter 

23 

Zeibright, Nevada City, 

Tough, siliceous 






Cal 

dike 

80° 

Shrinkage 

10* 

Aut-rot stoper 

24 

Mt Hope, Mt Hope, N J. 

Massive magnetite 

70° 

Shrinkage 

15 

Jackhammer 

25 

Dome, So Porcupine, Ont 

Hard quartz and 







greenstone 

90° 

Shrinkage 

25-100 

Drifter 

26 

Homestake, Lead, So 







Dak . 

Hard schist 

60° 

Shrinkage 

60 

Drifter 

27 

Crescent, Kellogg, Idaho 

Hard siderite and 







quartzite 

65°-80° 

Hor cut-and-fill 

4 

Aut-rot stoper 

28 

Matahambre, Pinar del 







Rio, Cuba 

Massive sulphide 

45° 

Hor cut-and-fill 

a-10 

Jackhammer 

29 

McIntyre, Schumacher, 







Ont 

[ Hard quartz 

Steep 

Hor cut-and-fill 

12 

Dnfter 

30 

HoUinger, Timmins, Ont . 

Schist and quartz 

70°-80° 

Hor cut-and-fill 

12 5* 

Dnfter 
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Stopes by Machine Drilling 


Drills 

Depth of 
hole, ft 

Ft hole 

Tons 
broken ■ 
per drill- 
shift 

Explosive 



Mounting 

per drill- 
shift 

Type 

%Ngl 

Lb per 
ton 

Notes 

Col or tripod 

6& 14* 

40-80 

54 

Am or gel 

35-30 

1.17 

*6 ft in headings, 14 ft in 
benches, bench holes honz. 

Improvised 

Ixiard 

6& 14* 

60-140 

40-45 

Bulk powder 
and gel 

35 

0 89 

frequently chambered (Art 
31) 

* Same as preceding 

Col in breast, 
none on bench 

9-10* 

95 

75 

Gel 

60 

0 37 

• Breast and bottom bench 
holes horiz, upper bench 

Tripod 

8 5 

100 

75 

Am 

40 

0 75 

holes vert. (Art 31) 

* Rooms mined by breast 
and bench. (Art 40) 

Tripod 

8 5 

100 

70 

Am 

60 

0 58 

• Rooms mined by breast 
and bench. (Art 34) 

Col 

5 

35-50 

14 

Gel 

35&40 

2 6 

* Stopes back-filled. (Art 
39) 

Col 

8-9 

50-60 

30 

Gel 

40 

0 9 

* Lode 12 ft thick (Art 39) 

Col 

7 

60 

22 

Am 

66 

0.90 

• Lode 7 ft thick. (Art 41) 

None 

7* 

51 3 

12 24 

Semi-gel 

70 

1.16 

* Holes vertical or nearly so. 

None 

6-14 

50 

35 

Dynamite 

40-60 

0 45 

* Sub-level interval, 20 ft 

Col for drifter 

8& 10* 

48 

35 

Semi-gel 

60t 

0 75 

• 8 ft in slice; 10 ft cm u-h 
bench, 8 ft on o-h bench. 

Col for drifter 

6, 8,&10* 

90 

150 

Semi-gel 

45t 

0 45 

t Bulk strength 
* 8 ft in slice; 10 ft on u-h 
bench, 6 ft on o-h bench. 

None 

10 

60 

38 

Semi-gel 

40 

0 51 

t Bulk strength 

• With underhand benching 

Col 

20t 

50 

190 

Gel 

40 

0 20 

1 * With ring drilling, t With 
sectional steel. (Art 43) 

Col 

40-66 

25 

100 

Gel 

40 

0 20 

• With ring drilling, t “Pros- 
pector” type. (Art 43) 

Col for drifter 

fr-IO 

64 

75 

Am 

40 

0 33 

* Slabbing with drifter; 
benching with jackham- 

Col 

7 5t 

70 5 

66 2 

Gel 

50 

0 59 

mer. (Art 43) 

• Data apply to slashing, 
t A V , max, 1 0 ft. (Art 43) 

Col 

22 & 26t 

43 

225 1 

Gel 

60 

0 31 

* Data apply to benching. 
(.\rt 43). t All holes 

Tnpod 

10* 

100 

85 

Gel 

60 

0 25 

chambered 

* Holes are hfters mclined at 
4-40* 

None 

6t 

72 

14 

Senai-gel 

45* 

1 9 

• Bulk strength, f Holes are 
vertical 

None 

8-10 

120-150 

45-50 

Dynanuto 

40 

1 3 


Col 

7 

65 

14 

Gel 

35 

1 8 

(Art 68) 

Col 

7 

54 

19 

Gel 

40 

1 4 


None 

8 

80 

35 

Gel 

45 

1 15 

* Varies 4-20 ft 

Air-fed leg 

11 6* 

36 6 

82.4 

Gel 

40 

0 36 

• Av; some, 14 ft. (Art 68) 

Col 

10 

80-100 

60 

Gel and am 

40 

0 7 


Col 

10* 

25 

25 

Gel 

40 

1 25 

* Flat holes with burden of 
31/2 ft. (Art 68) 

None 

4 

80 

8 

Semi-gel 

45* 

2 0 

* Bulk strength 

None 

4 8 

52 

40 3 

Semi-gel 

45&60* 

0 37 

♦ Bulk strength. (Art 62) 

Col 

11 

87 

52 

Am and gel 

55&40 

0 51 

(Art 60) 

Col 

7 5 

85 

1 37 

Am 

55 

0 85 

* Av, varies 5-50 ft. (Art 62) 
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Table 29. Breaking Ground in Stopes 


Ex- 

ample 

Mine and location 

Type of ore 

Dip 

Stoping method 

Width 

of 

stope, 

ft 

Drills 

Type 

31 

La Colorada, Cananea, 

Brecciated 






Mex 

porphyry 

90“ 

Bor cut-and-fill 

30 

Drifter 

32 

Soudan, Soudan, Minn 

Bard hematite 

70“-85“ 

Hor cut-and-fill 

15-60 

Drifter ^ 

33 

Murchie, Nevada City, 





Drifter and aut- 


Cal 

Bard granodiorite 

60“-70“ 

Incl cut-and-fill 

4 

rot stoper 

34 

Wright-Hargreaves, Kirk- 

Bard quartz and 






land Lake, Ont . ... 

porphyry 

75“ 

Incl cut-and-fill 

6 

Drifter 

35 

Champion, Painesdale, 







Mich 

Basalt 

70“ 

Incl cut-and-fill* 

12-30 

Drifter 

36 

Campbell, Bisbee, Aria . . 

Siliceous sulphides 

70“-90“ 

Incl cut-and-fill 

30-48 

Drifter 

37 

United Verde, Jerome, 

Bard sulphide or 






Aria 

porphyry 

65“ 

Incl cut-and-fill 

30-50 

Drifter 

38 

Lake Shore, Kirkland 



Flat-l)ack 




Lake, Ont 

Bard porphyry 

80“ 

square-set 

10 

Drifter 

39 

Page, Page, Idaho. . . . 

Sheared quartaite 

30“-60“ 

Flat-back 







square-set 

5-50 

Drifter 

40 

Pecos, Tererro, N M . . 

Bard massive 


Flat-back 





sulphide 

70“ 

square-set 

5-50 

Jackhammer 

41 

Victoria, Britannia Beach, 



Flat-back 




BC 

Massive sulphide 

70“-80“ 

square-set 

6-36 

Drifter 

42 

Creighton, 

Massive and dissem 


1 Flat-back 




Creighton Mine, Ont. 

sulphides 

55“ 

square-set 

60 

Drifter 

43 

Badger, Butte, Mont 

Med to hard 


Rilled 





sulphides 

65“ 

square-set 

7 

Aut-rot stoper 

44 

Lake Shore, Kirkland 



Rilled 




Lake, Ont . 

Bard porphyry 

80“ 

square-set 

7 75 

Drifter 

45 

Lake Shore, Kirkland 



Rilled 




Lake, Ont . . 

Shattered porphyry 

80“ 

square-set 

10 

Drifter 

46 

1 Magma, Superior, Aria 

Altered diabase 

80“ 

Rilled 







square-set 

15 

Hand-rot eloper 

47 

Morning, Mullen, Idaho 

Sheared quartzite 

90“ 

Modified 







square-set* 

5-20 

Drifter 

48 

Bunker Bill, Kellogg, 

Sulphide and 


Vertical-face 


Drifter and aut- 


Idaho 

quartz 

40M5“ 

square-set 

5-100 

rot stoper 

49 

Tintic Standard, Divi- 

Galena in lime- 


Vertical-face 


Hand-rot stoper 


dend, Utah . 

stone 

Massive 

square-set 

Irregular 

and jackhammer 

50 

Campbell, Bisbee, Aria 

Soft sulphide and 







oxide 

60“-90“ 

Mitchell slicing 

12-15 

Jackhammer* 

51 

La Colorada, Cananea, 

Brecciated 






Mex. 

porphyry 

90“ 

Top-slicing* 

40 

Jackhammer 

52 

Pioneer, Ely, Minn . . 

Soft hematite 

45“-75“ 

Top-slicing 

11* 

Jackhammer 

53 

Godfrey, Bibbing, Minn 

Soft hematite 

7“-l0“ 

Top-slicing 

11* 

Jackhammer 

54 

Spruce, Eveleth, Minn 

Compact hematite 

Flat 

Top-slicing 

9* 

Jackhammer 

55 

Montreal, Montreal, Wis 

Soft hematite 

62“ 

Sub-level caving 

50 

Jackhammer 

56 

Geneva, Iron wood, Mich . 

Soft hematite 

65“ 

Sub-level caving 

22 

Auger 

57 

2ienith, Ely, Minn , . 

Bard hematite 

90“ 

Sub-level caving 

20 

Drifter 

58a 

Newport, Iron wood, 



Sub-level 




Mich . . . 

Soft hematite 

65“-70“ 

caving* 

lot 

Auger 

586 

Newport, Iron wood. 



Sub-level 




Mich 

Soft hematite 

65“-70“ 

caving* 

20 

Auger 


benches are 6-12 ft high, broken by 2-3 rows of 6-12 or 14~ft holes (a, h, c, Fig 173). 
Benches broken by uppers are usually 5-8 ft high and holes have corresponding depths. 
Table 29 shows practice as to depth of hole. In square-set stopes (Art 46) , depth of either 
breast or upper holes is determined by dimensions of sets. 

Character of ore may influence depth of hole, and therefore height of bench; compara- 
tively shallow holes may be used in very soft ore, because blasting merely chambers the 
bottoms of deeper holes, failing to break. In cut-and-fill stopes, height of bench is usually 
limited to 7-8 ft, because of chute-timbering details (Art 47). Also, smaller height of 
bench lessens danger to shovelers working under high backs. In shrinkage stopes, height 
of bench depends largely on blockiness of ground, and means provided for secondary 
breaking. If blasting chambers are provided under stope and no block-holing is required 
in the stope, benches may be as high as 12 ft. If ground is blocky and there are no blast- 
ing chambers, height of bench may be limited to 3-4 ft (Art 67-69). 
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by Machine Drilling — {Continued) 


Drills 

Depth of 
hole, ft 

Ft hole 

Tons 
broken 
per drill- 
shift 

Explosive 



Mounting 

per drill- 
shift 

Type 

%Ngl 

Lb per 
ton 

Notes 

Col 

10 

100 

190 

Gel 

40 

0 32 


Tripod 

8 

24 max 

13.8 

Am 

50 

1.19 


Bar or col 

5-7 

60-70 

n-12 

Gel 

40 

2 0 


Col 

5.5 

66 

20 

Semi-gel 

50 

1.44 

(Art 65) 

* With sub-levels. (Art 63). 

Col 

12 

24t 

15 

Am 

1 66 

0 30 

t Drilling 1/3 shift 

Col 

6-7 

90-120 

50 

Gel 

30&40 

0 75 

(Art 65) 

Col 

6-8 

90 

25 

Gel 

50 

0 80 

(Art 65) 

Col 

6 

76.5 

27.3 

Semi-gel 

70 

0 54 


Col 

5-6 

104 

20 

Dynamite 

45 

0 80 


None 

5.5 

49.5 

25 

1 Gel 

40 

0 675 


Col 

7 

70-100 

30-45 

Am 

30 

1 5-2 0 


Col 

6 

82 

27 

Am 

55 

0 73 

(Art 62) 

• Av; range 2.75-5.5 ft. 

None 

4.5* 

30.3 

27.2 

Semi-gel 

45t 

0 38 

t Bulk strength 

Col 

6 

76 

20.1 

Semi-gel i 

70 

0 725 

(Art 46) 

Col 

6 

65 

35 

Semi-gel 

70 

0.324 


None 

3-6 



Gel 

35 

1.6 


Col 

5-6 

80 

25-50 

Semi-gel 

45 

0 75 

* Combining stulls and posts 

Col for drifter 

6 

125-150 

40-50 

Semi^el 

45* 

0 41 

* Bulk strength. (Art 46) 

None 

3.5-4 

60 max 

12 

Semi-gel 

40 

1.0 

* Occasional column- 

None 

5-7 1 

50-90 

50 

Gel 

30&40 

0.75 

mounted drifter. (Art 55) 

None 

8 ! 

72 

56 

Gel 

40 

0 25 

* Pillar mming 

None 

4 5-5 

65 

19 7 

Am-gel 

45 

0 77 

* Width of slice 

None 

6 

200 


Gel 

60 

0 45 

♦ Width of slice 

None 

6 

120 


Gel 

60 

1 0 

* Width of slice 

None 

8 

48 


Gel 

40 

0 50 

(Art 76) 

None 

5-6 

65 

50 

Sejm-gel 

45* 

0 50 

* Bulk strength 

Col 

8-10 

100 

125 

Semi-gel 

60* 

0 27 

* Bulk strength 

* Advancing slice, f Width 

None 

6 

102 

55 

Gel 

35 

0 93 

of slice 

None 

6.5 

125 

125 

Gel 

35 

0 49 

• Caving .slice 


Fig 174 shows a cheap method of breaking ground, combining caving with ordinary 
overhand work, which has been used in large flat-back shrinkage stopes (Art 67), in several 
porphyry copper mines and with modifications at Homestake, S Dak. At Ray Consol 
mine, Ariz, vert shrinkage stopes are 10-15 ft wide in soft ore, and 16-20 ft wide in harder 
ground. Pairs of 6-ft holes, drilled along each side of stopo (Fig 174), break shaded areas; 
this robs central portion A of its support and causes it to fall by gravity (61). This prin- 
ciple was also used in wide stopes at Alaska Gastmeau (530) (Art 87) . A similar method 
has been used at Braden mine, Chile. 

Rill stopes (see Art 38). Fig 175 shows sections through stope faces (133) using the 
original “rill cut’’ which was designed for wet down holes to avoid dust and favor hand 
drilling. Holes are drilled in rows across stope. With introduction of “wet’’ stopers, this 
type of cut is largely outmoded. For more recent form of benches in rill stopes, see Art 65. 

Ring drilling. Holes are drilled radially from within a raise or drift large enough to 
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accommodate dnllmg Holes break to free face generally parallel with plane of drilling 
Fig 176 shows application to sub-level sloping (Art 43) For an example of ring drilling 
from raises, see Beatson mine, Art 68 

Choice of drills. Stope-dnlls are not used ordinarily for breast sloping, as they are 
awkward for flat holes For this work, the choice depends on hardness of ore, in very 
hard ores, heavy mounted hammer-drills are required, under aver conditions these or 
lighter mounted drills are used, in very soft ores light jackhammers or air-driven augers are 
the logical choice 

Many of the remarks on choice of drills for diiftmg (Art 20) apply here For down 
holes in underhand stoping, jackhammers are effic In steep-dipping overhand stopes, 
where the holes are uppers, stope-dnlls aie best under aver conditions They aio light and 



Fig 174 Vert Sec Fig 175 Rill Cut (after Fig 17C Breaking Ground by 
through Top of Stope H M 1 horn us) King Drilling 


allow holes to be pointed as desired, delay m setting up, incident to mounted-drill work, is 
avoided and that due to changing steel is reduced Question of safety of stope backs 
may dictate use of flat holes drilled by mounted hammer drills, instead of uppers drilled 
by stopers 

Breaking ground m overhand stopes on flat dips (20° to 30°) resembles breast stopmg 
In general, moimted drills are used (o) in ground that is veiy hard oi that fitchers badly, 
even if soft, (5) in large-scale blasting with deep holes m large stopes Minimi m width 
OF STOPE in which heavy or light mounted drills operate efficiently is about 4 5 ft, this 
width 18 apt to be exceeded, especially for large drills Stope and plugger-drills can be 
used in stopes about 3 ft wide on steep dips, but constant supervision is rerjuirod to main- 
tain this minimum Mm stope widths on flat dips are ordinarily greater than above, 
determining factor is headroom in which men are willing or able to work efficiently In 
narrow orebodies, where clean mining is desired, these factois influence choice of drill 
and also choice between hand and machine drilling (Art 27). 

Underhand vs overhand breaking. (See Art 44) 

Data on breaking ground by machine drilling m stopes. Table 29 presents data 
generously supplied in 1938 by managciiient^ and ongmeeiiiig dcpaitmcnts of the mines 
listed It applies only to stoping methods m which all or most of the ore is bi okeu by 
direct drilling and blasting, as distinguished fiom those caving methods in which only 
a small part of the ore is thus broken Differences in character of orebodies, mining 
methods, and local conditions cause wide vaiiations in duty of labor, drills, and explosives 
The table is valuable as showing present practice and results under widely differing 
conditions. For further information, see descriptions of individual mining methods 


OPEN STOPES 

An open stope, strictly speaking, is a stope in which no timber or filling is used to sup- 
port walls or men, a finished stope is an open cavity Various authorities consider unfilled 
timbered stopes (Art 45-57), shrinkage stopes (Art 67), and some other forms as open 
stopes, as used here, the term comprises stopes in which walls are supported by pillars of 
ore, or by stulls and other simple forms of timbering 

29. GOPHERING 

‘‘Gophering” is a name applied to mining in irregular drifts or other openings, which 
“follow or seek ore without regard to maintenance of a regular grade or section” (1), the 
method is also called “coyoting” in western U S, in general, the term designates any small- 
size, irregular, unsystematic workings. 
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Gophering is a poor man’s method, used in small excavations where walls require little or no 
support; obviously it may be employed in portions of veins, beds or masses, but has no place in 
systematic mining. If used to mine rich seams in a large orebody, gophering often results in tempo* 
rary profit but eventual loss, as the irregular openings increase cost of, or prohibit, mining the remain* 
mg low-grade portions. On the other hand, gophering has a place in mining small irregular portions 
or isolated parts of an orebody, where cost of systematic development is not justified by probable 
tonnage to be won. This is especially true of small, high-grade, spotted deposits, and where Mexican 
or other native labor, skilled in this work, is available. Such work, done by “leasers,” may be an 
important adjunct to regular mining. 

Native miners in Mexico, South America, India, and elsewhere, are adepts at gophering, no stope 
development is done in advance; ore is followed up, down, or laterally, as values vary, and workings 
soon become intricate. Miners sometimes carry ore to surface m baskets or sacks, holding 75 to 150 
lb; inclined winzes or ladders connect workings at different elevations; Mexicans use “chicken 
ladders,” logs 10 to 15 ft long, 8 to 10 in diam, set on end, and with notches cut on one side. Break- 
ing ground in gophering is generally done underhand; openings are rarely timbered or filled. 


30. BREAST STORING 


General. The term “breast stoping” denotes primarily a method of breaking ground 
in any stoping system by advancing nearly horizontally a vert face or “breast” of ore, 
usually 10-12 ft or less in height, which has not previously been cut off at top or bottom 
(Art 26). It logically becomes the name of the mining method used in horiz or flat- 
dipping orebodies up to 15-18 ft thick, when mined by open stoping. It is not applied 
to the method of mining such orebodies when caving, filling, or square-setting is involved, 
even though the ore is broken by “breasting.” It does refer, however, to a method 
applied to thicker flat-lying deposits, in which the upper 6-8 ft is broken by true breast 



Fig 177 Plan of Part of a Mine in S E Mis- 
souri, worked by Breast Stoping 


stoping, the lower portion by benching 
(Fig 182); in this case, the term “breast 
and bench” is more descriptive and is 
often used. Roof support in breast stop- 
ing IS usually by permanent or semi-per- 
manent pillars of ore. 



Applicability. Breast stoping is usually applied to relatively thin, flat or low-dipping 
bedded deposits or veins where both ore and roof are strong. It is rarely used for thick- 
nesses over 100 ft, though some older workings of S E Mo, where the method is common, 
are over 200 ft high. In this district, a stoping height of 40 ft is now rarely exceeded. 
It 18 a low-cost method, which usually sacrifices some ore in permanent pillars; hence, 
especially suited to low-grade ores where high extraction is not of first importance. As 
the method is moderately selective, in that areas of uneconomic grade can be left unmined, 
uniformity in distribution of values is not a requisite to its use. 

Development. In flat-lying bedded deposits, a vert shaft is sunk to bottom of orebody; 
practically no lateral development precedes mining, although orebody may have been 
outlined by borings; stopos follow the ore outward from shaft (Fig 177). Where the 
method is applied to deposits of moderate dip, development usually depends on local 
conditions; for example, breast stoping may he used only as a supplement to another 
method in mining flat-dipping portions of a vein of variable dip. 

General plan of work. In flat deposits less than 12-16 ft thick, the method resembles 
the driving of wide drifts, intervening ore being cut through at intervals to form pillars. 
Fig 178 shows different stages of work; obviously, the face can be advanced in any direc- 
tion. Same general principle applies in flat orebodies of greater thickness; Fig 177 is a 
plan of a mine in S E Mo, showing application of method over a large area. In deposits 
with moderate dips, face of stope may be carried parallel to either dip or strike. As dip 
increases, the work of breaking ground may be the same as that of open stoping in narrow 
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veins, either underhand (Art 35) or overhand (Art 38). Where the face advances down- 
ward, the openings are sometimes called dip workings. 

Breaking ground. Methods vary locally and with thickness of orebody; see examples 
of practice, Art 31, 32, 33. 

Support of roof in breast stoping is by pillars; in low-grade uniform deposits (as 
beds of calcareous shale used for making cement or in beds of rock salt) , systematic arrange- 
ment and uniform size of pillars are feasible and desirable (Art 34). 

Pillars may be of any shape and size (Fig 177) , but in metal mines are roughly circular 
in horiz sec. They are splayed out at top and bottom to increase area of support and 
bearing on roof and floor. Fig 179 shows a means of dealing with a shelly roof, or one 
which scales on exposure to air; it is feasible only for light pressures and in strong, low- 
grade ore. Where roof is fissured with parallel joints or 
cracks, stoping may unkey large slabs; this danger is partially 
averted by a systematic staggered arrangement of pillars. 

In some S E Mo mines, ore occurs in overlapping beds 
separated by barren limestone. These are worked from 



Fig 179. Vert See separate levels, care being taken that the pillars in upper and 
lower beds shall bo directly over each other. 

In the Tri-State and S E Mo districts, pillars are larger and spaced closer in weak 
groimd and left where possible in low-grade or thin parts of orebody. They are placed 
with regard to haulage tracks to avoid awkward curves, and are 10 to 60 ft diam, with 
intervening roof spans of 18-80 ft. Slabs of rock scaling from roof between pillars cause 
serious danger and trouble in breast stoping; in thin portions of deposit, slabs are sup- 
ported by vert props; in thick orebodies, all shelly ground is removed from heading roof 
before bench is advanced. Even with this precaution, roof-men are constantly employed 
in Mo lead mines to bar down slabs in worked-out areas near stope faces or over traveling 
ways; where possible, slabs are taken down with bars and gads; this costs more than 
blasting but is safer; black powder used for blasting; holes drilled by hand or plugger or 
stope driU. Fig 180 shows details of staging used to support men and drills taking care 
of high backs at Bonne Terre mine of St Joseph Lead Co; 3 men accustomed to the work 
can put up 3 or 4 sections, or take down 6 to 8, in an 8-hr shift. All material is reused 
except eye-bolts, which are left wedged into 
roof (163, 521). Much trouble from slabs 
is caused by accumulations of water under 
pressure in bedding planes of roof rock; at 
some mines vert holes (“drain holes”), 8-10 
ft deep, are drilled from heading into roof 
every 8-10 ft, to allow water to escape (164). 

Reinforcement op pillars: Gunite has 
been used to stop slacking and crumbling of 
old pillars. Pillars have been enlarged and 
strengthened by building forms around them 

and filling with concrete. Old pillars have u 9 ' 

been reinforced with tie rods, or by placing 

vert steel rods against face of pillar and ^ ^ S ^ 1 

wrapping with old c^le (155). t^fPoAK I j if 1 1 

Handling ore. Tracks are laid on floor ^==s=3 u j » 

of deposit, from point of entry to the stope fjfJ bside ROoTif \r // -j, 

faces (Fig 177, 178). In thin deposits, tracks ^ Jf j 

run into headings; in thick, they extend to ^ Jf | 

foot of benches. Where more than 1 bench *****£^^ 2 '^^^ -i. 

is worked, the heading ore is shoveled to foot eyebolt with wedge enD ELEVAtSn 

of lowest bench; general slope of benches is 

kept steep to minimise handling. Broken ore Hangmg Scaffold or Staging 

is shoveled into cars by hand or machine, 

and trammed to shaft by hand, or by animal or mechanical haulage, depending on 
distance and output; in some mines, buckets (“cans”) are mounted on light trucks, 
reducing cost of haulage and hoisting equipment. 

In some Tri-State mines, shoveling plats of 2-in oak plank are laid at foot of stope 
bench. Work is usually done on contract. At Hartley mine, Kan, C. M. Anderson, Supt, 
states in 1932 that, in low ground, all loading is done by hand into cans holding 1 400 lb. 
In high ground, both hand and power-shovel loading are used. Aver rate of loading 
of shoveler is 36 tons per 8-hr shift (323). At Picher, Okla, a shoveler on contract loads 


rod. ^ OAK^RDj^m 


B SIDE RODS ll diam 


1 , ^ 
EYEBOLT WITH WEDGE EN^ aEVAT^N 
Fig 180. Hanging Scaffold or Staging 


into cars 3(M0 tons per shift (116). 
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Machine loading, S E Mo. Conditions are favorable for mechanical loading. St 
Joseph Lead Co used the St Joe shovel (see Sec 27) for nearly all mucking in its Mo 
properties until 1936 (116), when scrapers were first tried and proved effic in robbing 
pillars, recovering ore left in floors, and in general supplementing power-shovel work. In 
1937, standard scraper equipment comprised 35-hp double-drum hoists and 54-in scrapers. 
Ore is either scraped up a ramp to a loading platform over the cars, or pulled into chutes 
(127). Power-shovel operators work under a bonus system; a task is set at regular daily 
wage, with bonus for excess tonnage. Usual task is 42 2.5-ton cars, varying with conditions 
from 32 to 48 cars (155). In Tri-State district, hand shoveling is common in small 
mines; mechanical loaders used in some large mines (see Table 30). At Barr mine, Kan, 
using 25-hp elec shovel, 10-cu ft dipper and 1.5-ton cars, usual performance in 1929 
was about 100 cars per shovel-shift; occasional max of 116 cars in 4 hr (143). Scrapers 
have also been used to advantage in some Tri-State mines. Sec Art 31, 32. 


Table 30. Comparison of Cost of Loading with Power Shovel and by Hand at Hartley 

Mine, Kan, in 1932 (323) 


Power shovel i per ton 

Connected energy charge 0 382 

Power consumed 0 946 

Depreciation and repairs 3 070 

Interest charge 0 776 

Labor (one operator with helper 

and extra trammer) 7 830 

Total 13 004 


Hand shovelers i per ton 

Contract price 21.202 

Shovels and picks 0.167 

Total 21.369 

Note. Small revolving shovel driven 
by 15-hp elec motor, can operate in a 9-ft 
room, loading into cans holding 1 400 lb. 
Data for power shovel cover 127 working 
days, in which 16 565 tons were loaded. 


Percentage of ore left in pillars depends on: (a) character of roof, which deter- 
mines max allowable width of heading that will stand unsupported, and therefore the 
distance between pillars; (6) character of floor. 

A soft floor requires pillars of large area, or closely 
spaced, so that their beating power will not be 
exceeded; (c) strenoth of ore determines mini- 
mum section of pillars to withstand pressure of 
overlying rock, (d) depth of deposit determines 
total wt to be carried on pillars, where deposit has 
such lateral extent that overlying rocks do not 
arch, and become self-supporting (see Subsidence, 

Art 114). These factors are interrelated; their 
effect can not be definitely determined m advance 
m new districts; the percentage of ore left in pillars 
may be fairly constant in a given mine, but varies 
wudely m different localities. For example: H. A. 

Guess in 1914 estimated, for S E Mo district, that 
15% of area mined was left in pillars (55). C. F. 

Jackson, 1929, estimates 10% left in pillars at 
largest property in the district (155). At Hartley 
Grantham mine, in Kan, where ore occurred in 
brecciated, loose fonnation, O. W. Keener in 1930 
stated that approx 40% of the area of developed 
orebody was left as pillars on first mining, but 
that a high total extraction is expected when 
pillars are pulled or robbed (157). At Barr mine, 

Kan, in 1929, 15-18% of area mined was left in 
pillars, it is planned eventually to mine pillars in 
good ore, but leave permanently those in lean 
ore (143). 

Recovery of ore from pillars. A mining- 
method like breast stoping is justified '’by its sim- 
plicity and cheapness and because, where properly 
applied, it yields a max profit in spite of sacrifice 
of pillar ore. Use of method is usually confined 
to low-grade deposits, where value of ore in pil- 
lars does not repay cost of replacing them by artificial supports. Some recovery of ore 
m pillars is often possible (see St Joseph Lead mine, below). Also, conditions may re- 



Fig 181. 


3 section 


(111 'III 

Concrete Column replacing Ore 
Pillar, S K Mo 



10-136 


OPEN STOPES 


quire leaving in pillars on first mining a relatively large percent of the ore; then pillar rob- 
bing or recovery becomes important. Recovery of ore from pillars is costly and requires 
extreme safety precautions. 

In S E Mo, some pillars left years ago have proved unnecessarily large and considerable 
ore has been recovered by reducing their size. In 1937 the St Joseph Lead Co started to 
remove many high-grade ore pillars under the protection of concrete pillars (Fig 181) 
built and located with care near the pillars to be removed. Bottom of concrete pillar 
has a diam that permits tapering to a min of 8 ft. Base of pillar is doweled to floor by 
drilling 16 2-ft holes, in which are grouted vert reinforcing rods 9-12 ft high; these support 
circular forms 3 ft high, of 10-gage iron. Concrete is blown into the forms through a 
4-in pipe by comp air. When the pillar is within 1 ft of the back, numerous 3-in screw 
jacks are placed on its top, with 2-in iron plates on top of the jacks, which are then 
tightened, and space around them is filled to the back with concrete. Such pillars have 
been built to height of 47 ft (127). 

According to information from C. W. Nicolson in 1938, efforts to recover pillars in 
the Tri-State district have been confined mainly to “gouging’' by leasers. In recent 
years, some companies of the Okla-Kan section have trimmed and removed pillars quite 
extensively where ore reserves wore exhausted. Many orebodies in this region aie long 
and narrow, and the amount of ore originally left as pillars does not aver more than 10% 
of total (0-15%). Many original pillars were either unnecessary or too large; by removing 
or trimming them, the ore recovered, in individual mines, is probably 1/3 of the original 
pillar tonnage. These ore pillars have not been replaced by other support, due to the 
high cost. Pillars 100 ft high have been successfully removed. When companies com- 
plete their own efforts, certain portions of the mine are usually turned over to leasers, 
who trim and remove pillars while retreating, recovering about 50% of the remaining piUar 
tonnage. Nicolson estimates that the combined work of company and leasers gives an 
ultimate recovery of about 2/3 of the original pillar tonnage in leased areas, 01 about 1/2 
for the entire mine. Some falls of ground occur, but surface is unaffected, as deposits 
are overlain by strong beds of flint and limestone. 


31. EXAMPLES OF PRACTICE, BREAST STORING IN FLAT 
BEDDED DEPOSITS (S E Mo, Tri-State District, and Wis) 

S E Missouri. Data from C. F. Jackson (155) in 1929. Disseminated galena occurs in 
dolomitic limestone. I'ormation, nearly horiz, has normal thickness of about 305 ft and 
outcrops in places; ore is chiefly in lower 100 ft. In the property described, thickness of 
individual ore beds is from 7 ft (rnin mining height) to over 200 ft, but stopes rarely exceed 
40 ft high. Stoping widths are from a few to several hundred ft, some oreliodies are 800 
ft wide by 1 200 ft or more long. As a whole, the ore is in flat beds and the formation 13 
self-supporting over wide spans. Development. Property desciibed covers a large area, 
containing numerous and sometimes widely separated orebodies. A number of vert 
shafts, sunk originally to develop the separate areas, were later connected by crosscuts, 
hoisting now being done through one vert shaft, with drifts, cio.sscuts, and raises as 
required. Main haulage drifts have min of 8 by 12-ft cross-sec. Other openings are 
usually 7.5 or 8 ft high. Raises, 6 by 9 ft, are commonly driven at an inclination of 45°, 
seldom vert. Stopino. 'W'here ore is not over 9-10 ft thick.it is brea.bted out to full 
height. In thicker ore a breast 7-8 ft high is driven at top of the ore, lower part is mined 
in one or more benches (Fig 182). Pillars of ore are left for roof support as re<iuired. 
Stope faces are kept close to face of heading. In breasting thin ore and driving headings, 
holes, a, 8-10 ft deep, are drilled in sets of 3, one above the other. Face of breast is pur- 
posely kept irregular, to provide free faces to break to. Burden on holes is 3-4 ft, middle 
hole in any set, having about 6 m less buidcn than others, is loaded more heavily, and 
fired first. Jackhammers, mounted on columns and with pneumatic feed, are used. 
Span between pillars in strong ground is 30 ft, decreasing to 16 ft in weaker. In turning 
pillars, holes are drilled tangentially to face of pillar (b, Fig 182) to avoid shattering it. 
Bench ore is broken by down holes drilled with hand-held jackhammers. Depth of top 
bench is limited by length of steel that can be handled in heading, usually 6 ft. Holes 
on lower benches are up to 10 ft deep. Bench or stope holes are drilled 3-4 ft back of 
face, and 6-8 ft apart. Lowest bench is mined with down holes if the ground breaks to a 
bedding plane with a resultant smooth bottom; otherwise, this bench is broken with 
“lifters” and “splitters,” c and d, Fig 182. For lifters, drill rests on 2 parallel strips of 
wood laid on floor and connected on their imderside by 2-in cross slats, with 2-in spaces. 
Driller uses a pinch bar, with a slat as a fulcrum to exert press on back end of drill; this 
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device allows miner to stand while drilling. Several headings and stopes may be worked 
together in a given area. One man does the drilling for a heading and the stope behind it. 
The rock drills easily and 80-100 ft of hole is aver per shift. In a heading or in breasting 
thin ore, a miner breaks about 30 tons per shift; in bench or stope, 90-120 tons per machine- 
shift is common. Powder consumption varies: an aver of 0.459 lb of 40% ammonia 


gelatin per ton was used in mining 49 700 tons 
at this property in one month in 1929. Miners 
work on contract, based on ore broken; prices vary 
with height of stope and nature of ground. For 
data on breaking ground at Bonne Terre mine, S E 
Mo, see Ex 3, Table 29. 

Tri-State District (S W Mo, S E Kan, and 
N E Okla). Breast stoping is used exclusively 
for flat bedded deposits of sphalerite and galena 
in flint and chert. Overlying rock is usually 
strong flint, standing well; sometimes, heavily 
fractured flint or limestone requiring close spac- 
ing of pillars. Main types of deposits: Sheet 
GROUND averages 7 ft thick, and is low-grade, 
crude ore assaying about 3.5% Zn and 0 5% Pb. 
It was mined extensively in S W Mo liefore 1918, 
at an aver depth of 150 ft, and since then locally, 
in Kan and Okla, at depth of about 350 ft. 
Brecciated ground occurs in beds, 6-30 ft 
thick, the most prolific being 20 ft thick; occa- 
sionally, in strong shear zones, mineralization 
extends through several beds, forming deposits 
180 ft thick, aver grade of crude ore, 7.5% Zn and 
1,0% Pb. This type of depo.sit has been mined 
largely in Kan and Okla from 1915 to 1938, at aver 
depth of 250 ft, and to some extent in Mo at shal- 
low depths. For methods of exploring these de- 
posits, see Alt 10-b. Development. Entry is 
by smgle-compt vert shafts, usually 6 by 6 ft 
inside timber, and sunk to lowest ore horizon. 
Most mines are opened on only 1 level. If shaft 
cuts ore, no lateral development is necessary in 
immediate ore area, but various “pull drifts” may 
bo driven to isolated orebodies. Such drifts, rarely 
timbered, are 7 by 7 ft to 8 by 10 ft. Stoping. 
Breast stopes are carried with a single vert face in 
thinner deposits (6-12 ft), sometimes to 18 ft. In 
thicker deposits, a heading 7-8 ft high is driven at 
top of oiebody, its face is kept 15-20 ft ahead of 
bench. Sometimes several benches 10-15 ft high 
are cairied, making total height of excavation as 
much as 100 ft. Benches are broken with flat 
holes dulled from tripod or “stope boards” (Fig 
185). According to C. W. Nicolson (191), hand 
loading into cans 32 in diarn and 32 in deep, hold- 
ing 1 400 lb, continues to be generally used. Aver 
shoveler loads about 25 tons per shift; under favor- 
able conditions some men can load 50 tons per shift. 
Experiments with power shovels have not been 



Plan of heading and stope 



Vert Sec A-A 

Fig 182. Breaking Ground by Breast 
Stoping, S E Mo 


generally successful. Recently, several of the larger companies have installed scrapers, 


with good results (see below for scraping at D. C. & E. mine). For further data on 


scraping xjractice in Tri-State district see Art 91 and Sec 27. Operating and cost data 
at 2 representative mines of Picher district are shown in Table 32. 


No 1 mine, Picher, Okla. Data from W. F. Netzeband (116) in 1929. Fig 183 shows 
stoping in ore 25-40 ft thick; for faces about 40 ft high, a round of 6 splitters and 3 stope 
holes are used. Slope of bench is kept at about 45°. Holes are drilled with 20-ft steels: 
splitters, with a rise of 1 m per ft; stope holes downward, 1 in jicr ft. Bench holes were 
formerly squibbed, or chaml^ered, before final charge was loaded, but this practice has 
been abandoned in recent years. Aver stope or splitter hole breaks about 250 tons; 
powder consumption, 0.75 lb per ton. Ordinarily, 30% ammonia dynamite is used, but 
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for wet work or poor ventilation, gelatin powder of same strength is substituted. In head- 
ings, about 40 tons per machine-shift are broken; in benching, 60-75 tons. Pillars are 
20-60 ft diam, depending on ground and height of roof; aver pillar diam, about 30 ft. 
Spacing varies, 40-100 ft c-c, aver 80 ft. Pillars represent about 15% of total aiea mined, 
but many are recoverable. 

Hartley mine, Kan. Data from C. N. Anderson (323) in 1932. Sphalerite and galena 
occur in flat beds of chert about 300 ft below surface; sometimes in irregular masses. 



Mineable ore is 8-25 ft thick. Fig 
184 shows methods of breaking 
ground. Pillars are 20-30 ft diam 
and spaced an aver of 40 ft edge 
to edge. Care is taken not to 
break a flint stratum overlying the 
ore, as roof may become slabby and 
dangerous. In low ground, mining 
is done by breast stopes with a 
single vert face; detail of work 
is similar to that for headings. 
Thicker ore is mined with head- 
ings and benches. Heading is 7 
ft high; between pillars the face 
is in zig-zag form ; drill round com- 
piises 6-8 holes, 8-10 ft deep, by 
column-mounted drills. Midway 
between heading and floor, “split- 
ters’’ are drilled 8-10 ft apart to 
depth of 12-14 ft, from tiipod 
mountings. Floor or stope holes 
point slightly downward; they are 
16-18 ft deep, drilled within a 
foot or two of mine floor; drills 



Fig 183. Stope and Heading Rounds, Breast Stoping, 
Tn-State Distr 


for these holes are mounted on 
either a tripod or “stope-board” 
(Fig 185). Aver tons broken per 
machine-shift in low giound, 71; 
in high ground, 72.5. In low head- 
ings with poorer ventilation, 35% 
gelatin IS used; in high ground, 
40% permissible explosive. Cham- 
bering of splitter and stope holes 
is rarely necessary. Over a 6-mo 
period, 180 212 tons were mined 
with powder consumption of 1.12 
lb per ton. 

D. C. & E. mine, Oronogo, Mo. 
Data from C. W. Nicolson (173) 
in 1938. Orebodies lie in sheet- 
ground horizon, about 150 ft 
below surface. Deposits are of 
considerable extent laterally, but 


have an aver vert thickness of only 7 ft. Sphalerite and galena occur in horiz bands, 
or in vugs in a flint gangue; aver assay of crude ore, 3.5% Zn and 0.4% Pb. From 
1920 to 1937, this district was idle, due to low metal prices. D. C. & E. mine was 
reopened to determine whether mechanization would make mining profitable. Scrapers 
used for loading, and belt conveyers for transport to shaft. Results were successful. 
Details. Mine is served by vert shaft (1) (Fig 186), formerly equipped with cage but 
refitted with 2-ton skips, loaded from a 50-ton storage hopper (2) at the shaft. Con- 
veyer belt (3), 24-in wide, speed 350 ft per min, delivers to this hopper. Scraper (4) 
loads through a grizzly with 9-iii openings to a reciprocating feeder and thence to belt (3). 
Other scrapers (8) load through grizzlies to cross-conveyers (7), which deliver at speed of 
30 ft per min to belt (6) and thence to belt (3). Three-drum scraper hoists are driven by 
25-hp motors. Scrapers are 48 in wide and hold 1 500 lb of ore; they have manganese- 
steel shoes 10 in wide, which handle about 11 000 tons and are then discarded. Pull-in 
cables are 0.5 in; pull-back cables, 3/g in. In a test run, one scraper delivered 162 ton? 
100 ft to the belt in 2 hr. Economical limit of scraping distance, 150 ft; scrapers at points 
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(8) thus handle all ore in a semi-circle of 150-ft radius. Drilling is by 3.5-in automatic- 

feed drifters, with long guide shells 


—' 4 . 



Vert Sec, Heading and Slope, High Ground 


permitting steel changes of 36 in; 
mounted on hydraulic columns. Each 
machine ordinarily diills 12 10-ft 

holes per shift. Detachable bits are 
used, 2.5-in on hollow steel, aver life, 
14 ft of hole. Costs. Experimental 
work in mechanization showed a pro- 
duction rate of 19.4 tons per man-shift 
underground, as against 12 tons for 
other sheet-ground mines, and 7.65 
tons for Tri-State district as a whole; 
also a cost reduction per ton from 



Fig 186. Part of D. C. & E. Mine, Oronogo, Mo, showing conveyer system and location of scrapers 


Fig 187 shows a different method of breaking used at one mine in Joplin district (158); 
upper 12 ft of deposit was very tough, lower 12 ft broke easily. Heading was driven in 
softer ground on bottom of orebody by methods described above; drill holes, 12 ft deep. 
Upper stratum was broken with 12-14-ft holes, placed as shown; splitter holes were 
squibbed, roof holes being left as drilled, as squibbing would tend to loosen roof and 
make it dangerous; heading was carried 50-100 ft ahead of stope. This method proved 
cheaper in this mine than the usual plan. 5 drills broke an aver of 325 tons per 8 hr. 
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This plan resembles overhand stoping in wide veins; is not applicable to thick bods, due 
to difficulty of supporting men and drills; nor does it allow careful scaling of, and clean 
mining at roof. A variation of method shown in Fig 187 is described by Van Barneveld 
(482) ; flat roof holes and splitters replaced by uppers. 


.•Roof hole 

^ Heading 

Fig 187 
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vertical longitudinal VERT^CAL CROSS- 
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Fig 1S8. Breast Stoping, Wis Zinc Dist 


Wisconsin zinc district. Deposits of ZnS and PbS occur in pitches and flats in lime- 
stone; some are so irregular that mining is practically gophering; larger deposits are 
commonly mined by breast stoping. Orebodies are from 5 to 70 ft high, 20 to 300 ft wide, 
and 600 to 7 000 ft long; roof is generally solid, thick-bedded limestone; deposits lie at 
depths of 76 to 200 ft. J. G. Trewartha, Gen Supt, Vinegar Hill Zinc Co, contributes 
following data on this district in 1938: Orebodies mined by breast stoping (Fig 188). 
Face of heading is kept not more than 8-10 ft ahead of stope. Wet jackhammers, 
weighing 46 lb and using 0.75-in hex steel, are used for all holes in heading and stope. 
A home-made mounting is used : a 2 by 6-m board with 2 steel points set in one end and a 
series of steel stirrups bolted at 8-in intervals to one face of board. Operator lays a 
2 by 10 or 12-in “toe board” on the floor, stands the points of mounting board on this 
and hangs the drill handles in whichever stirrup happens to be at right height for the hole. 
While drilling, the operator leans against the mounting board. This device has greatly 
increased drilling speed; main objection is increased wear on front of the machine. 
Jackhammers are advantageous compared with piston or hammer drills on column; 
operator can place holes in best position and continue dulling while others are mucking 


Table 31. Operating Data at the D. C. & £. Mine, Oronogo, Mo 

(From C. W. Nicolson, 1938) 


Breaking; Drill labor $0 118 

Drill repairs and supplies ... 0015 

Compressed air 0 030 

Casualty insurance 0.006 

Dnll steel and bits 0 060 

Explosives 0. 140 

Misc repairs and supplies . . 0 036 

Supervision 0 018 

$0,423 

Scraping: Labor 0 046 

Repairs and supplies 0 040 

Power. 0 015 

Casualty insurance 0 003 

Supervision 0 018 

0. 122 


Conveying: Labor $0 014 

Repairs and supplies 0 008 

Power 0 003 

$0 025 

Hoisting: Labor 0 015 

Repairs and supplies 0 013 

Power , 0014 

Casualty insurance 0 001 

0 C43 

Total $0,613 


Weekly production, 3 600 tons, working 2 shifts per day, 6 days per week 



Man-shifts 

Tons per 
man-shift 

Wages 

Supervision 

12 

300.0 

2 foremen @ $55 00 per week 



Drilling and breaking 

90 

40.0 

10 drill runners 

^ $4 94 

i 



5 drill helpers 


4 31 




(Base rates $4.05 and $3.55) 



Scraping 

44 

82.4 

4 scraper operators 

@ 

4 94 


1 


3 scraper helpers 


4 31 

Conveying 

15 1 

248.0 

2 convever men 


3 80 

Hoisting 

12 ' 

300.0 

2 hoistmen who also run compressors @ 

4 50 

Miscellaneous 

12 

300 0 

2 men, 1 on surface, 1 underground, @ 

3.80 

Total 

185 

19 4 

1 
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down the stope. There ia no fixed round of holes. An aver of 46-60 tons is broken per 
drill-shift. Water-resisting gelatin dynamites are used, aver about 36%; aver con- 
sumption, 0.8-0.9 lb per ton broken; see Ex 2, Table 29. 

Table 32. Operating Data, Typical of Picher Dist, Kan and Okla (C. W. Nicolson, 1938) 




Sheet 

ground 

Brecciated 

ground 


fMin 

7 

8 

Thickness of ore, ft ■ 

Max 

9 

35 


[Aver 

8.5 

21 

Spacing of pillars, ft, aver 

50 

70 

Diam of pillars, ft, aver 

20 

30 

Tons per man-shift, 

total 

10.3 

10 8 

Tons per machine-shift, ore breaking 

57.9 

66 2 

Footage drilled per machine-shift 

81.2 

66 0 

Tons per man-shift, hand loading 


24 2 

Tons per man-shift, scraper loading 

76.0 

61 8 

I>b explosive per ton, ore breaking 

1.15 

0 80 

Aver depth of holes, ft . 

8.72 

10 3 

Aver footage drilled per bit forged (or purchased) 

Breaking cost: 

2.05 

10.51 

Labor 



$0,168 

$0,120 

Drill repairs and supplies 

0.014 

0.026 

Compressed air 



0.043 

0.039 

Other repairs and supplies 

0 019 

0 014 

Drill steel, bits and shop expense 

0.105 

0 032 

Explosives 



0. 160 

0 115 

Total breaking 

$0 509 

$0 346 

Shoveling cost per ton, hand loading 

(0.246) 

0 208 

Shoveling cost per ton, scraper loading 

Total cost (breaking, loading, tramming, pumping, hoisting, ventilation 

0. 132 

0.139 

and maintenance) per ton 

1 04 

0 760 


Note. These figures are from two typical mines under good management. Sheet-ground 
MINE' Gangue, hard and abrasn e chert containing many vugs which force steel off line, breaking or 
binding steel. Explosive often breaks back into vugs, causing hole to fail. Bits forg^ on 1.25-m 
hollow round steel, lugs on shanks. Drifters, 4 m diam, hand-cranked, mounted on column. 
E.xplosive, 40% ammonia or gelatin. All loading by 3-drum scraper hoists on steel shdes mounted 
on caterpillar treads. Tramming to shaft by rope haulage. Hand-loading cost given is cost prior 
to installing scrapers. Brecci \ted-ground mine Gangue, brecciated flint, better drilling than 
sheet ground. Mined heading and bench. 2 .5-m detachable bits on 1 25-in hollow round lugged 
steel Dnfters 3 and 3.5-in Explosives, 30% ammonia or gelatin. Loading, 80% by hand into 
cans, 20 ^'( by scraping into hoppers. Scraping cost includes drawing ore from hopper into cans and 
spotting on lay-bye. Tramming to shaft by rope haulage, some mules for gathering service. 


32. BREAST STORING IN DIPPING DEPOSITS (see also Art 33) 

Park City, Utah. Fig ISO shows old workings of Silver King Coalition Co. J. Humes 
gives following data in 1915 (134) : silver-lead orebodies occur largely as replacements in 
limestone; thickness, 1.5 to 25 ft; 
dip, 10° to 30°; oreshoots are ir- 
regular in outline and make off 
from fissures which gave access to 
mineralizing solutions. 

For mining thin beds, explo- 
ratory drifts, in the ore bed, follow 
the fissures, when a drift cuts ore, 
stopes are started to the dip and 
carried as far as broken rock can 
be shoveled out. If ore con- 
tinues, a small hoist is installed, 
track laid on floor and mine cars 
run to stope face. If deposit is 
thin, enough footwall is shot out to admit car. 
rock, tracks are turned and follow the ore. 



Fig 189. Part of Silver King Mine, Park City, Utah. 
(Aver dip, 18°; aver thickness of ore, 2.5 ft) 


If the temporary inclines strike barren 
In orebodies of large lateral extent, small 
drifts (sub-levels) are run to right and left from main incline. Stoping proceeds up and 
down dip from siili-levels, in which run small cars dumping into cars on the incline. 
Many deposits are so flat and thin that machine drills can not be used with advantage. 
This method permits mining orebodies without excessive preliminary development, and 
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is well adapted to handling broken ore on flat dips. More recent practice is de- 
scribed by M. J. Dailey in 1930 (169). Method is termed “overhand,” as faces are 
advanced up the dip. In thicker portions, modified square-sets are used, with caps 
extending across 3 posts. Stopes are often back-filled as stoping advances, timber being 
recovered when possible. Weaker parts of deposit are mined in sections 50 ft wide. 
Around edges of orebodies, where ore is thin and less support required, 8 to 10-in round 



stulls, with headboards, are used. 

Barton Hill mine, Mineville, N Y. Orebody is a bed of strong magnetite; thickness, 
0 to 20 ft or more; aver dip, between 15° and 25°, rising to 35° or 40° in places. Hanging 

and footwalls are very strong tough gneiss, 
the former fairly smooth, the latter warped by 
2 series of ridges, the axes of which are paral- 
lel and normal to strike; this complicates ore 
handling. Mining method. Deposit was 
first attacked at several points along outcrop 
by breast stoping to the dip. Mine cars were 
hoisted to surface on inclined tracks on foot- 
wall; Fig 190 shows 2 inclines, also pillars for 
roof support (note that inclines were swung 
to right or left as needed to follow ore); temporary horiz tracks were also laid to reach 
remote portions of stopo faces, or for stoping along strike at points above bottom of inclines; 
these are typical dip workings. More recent practice, described by A. M. Cummings 
(495) in 1928, is shown in Fig 191. Deposit is opened by parallel shafts, 400-600 ft apait, 
following dip of orebody along footwall. At intervals of 1 000-1 500 ft on dip are haulage 
levels for transferring ore from auxiliary shafts to main hoisting shafts. Intermediate 
stoping levels extend from shafts on footwall at intervals of 30-100 ft, depending on width, 
dip, and faulted or folded conditions of orebody. Leaving 20-ft shaft pillars on each 


Fig 190. 


Part of Barton Hill Mine; Mineville, 
NY 



Fig 191. Breast Stoping, Mineville, N Y 


side of shaft, mining starts by cutting loading chutes on upper side of stoping levels 
every 60 ft. Ore is then breasted out as in Fig 191. Pillars, roughly circular and 20-60 ft 
diam, depending on height and character of roof, are spaced about 60 ft c-c. Where ore 
is more than 15 ft thick, a 7-ft heading is carried at top of ore; bottom ore broken by 
underhand benching. Ore is scraped to loading chutes, which deliver to cars (Fig 192). 
Pillars represent about 25% of total ore. Plans call for eventual recovery of much pillar 
ore by a retreating method. 
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Sherritt Gordon mine, Manitoba. Data from E. L. Brown, Gen Supt, in 1933 (162). 
Ore is coarse-grained mixture of pyrite, chalcopyrite, and sphalerite, with rock inclusions. 




■2n(l Level drift 


Two lenses occur in shear zones along contact between massive gneiss on hanging wall and 
conglomeiate and quartzite on foot- 
wall. Dips, 30° to vert. Aver 
width of ore 15.5 ft; sometimes 
exceeds 50 ft. Walls sharply 
defined. Development (Fig 193). 

Main shaft is in footwall, inclined 
at 51°. Main haulage level, at 
depth of 500 ft on the incline, is 
along footwall contact, about Va 
of face being kept in ore; it is 
double-track, 7 ft high by 15 ft 
wide m central part of orebody, 7 
by 8 ft toward ends. Above, at 
intervals of 150 ft, are two sub- 
levels, 4 by 6.5 ft, in footwall, 

10-15 ft from the ore. Raises, 5 
by 5 ft, 120 ft apart along strike, 
extend fiom haulage level to bot- 
tom of pillar left to protect surface. 

Stoping. For method where dip 
exceeds 45°, see Art 36. In flat- 
ter dips breast stoping is used. 

Stope sections extend 50 ft each 
way from raises, making stopea 
100 ft long, with 20-ft pillars 
between. Ore is breasted upward 
along dip to full thickness of lode 
unless thickness exceeds 8 ft, in 
which case a heading-cut, 6.5 ft 
high, is carried along hanging 
wall, and the bottom removed by 
underhand stoping with jackhammers, 



a:y 

' 7 ' 

D.D. Scraper 
heibt 


Sciai)er stations 


D.D. Scraper 
liol&t 


Fig 193. Breast Stoping in Flat-lying Section of Ore- 
body, Sheritt Goraon Mine, Ma 


rlamtoba 


Ore is handled by scrapers. Raise to level above 
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serves as manway, and for air and water lines Ore is handled on haulage level m 
80-ou ft Granby cars, by storage-battery locos Stoping costs, with above-described 
method during 6 first mo of 1932 were labor, $0 302, explosives, $0 146, drill repairs 
and supplies, $0 066, steel and sharpening, $0 067, compressed air, $0 031, scraping, 
$0 054, general expense, $0,074, total, $0 740 per ton. 

ART 33. EXAMPLES OF PRACTICE, EAST AND CENTRAL RAND, 

SO AFRICA 

Following data are mainly from J. Thorlund in 1928 (568), C L Butlin, A E Payne, C B 
Brodigan, and others m 1930 (573), A G Boyden in 1931 (576), and R S G Stokes m 1936 (195) 
For further details, see Bib (638, 566) For earlier practice, see 2nd edn of this book, and its Bib 

Orebodies comprise several gold-bearing sihcified conglomerate beds (bankets or 
beeps) mterbedded with quartzite and slate, of which the Mam Reef series is the most 
important In Central Rand, extending 14 miles to both E and W of Johannesburg, 3 beds 
have been extensively mined (a) Mam Reef, aver width 6-7 5 ft, (6) Mam Reef Leader, 
aver width 18 in, lies 1-10 ft above Mam Reef, (c) South Reef, 8-12 in wide, is in places 

80 ft above Mam Reef Leader Wide variations from 
above figures occur locally, and reefs are dislocated 
by dikes and faults, but their tenor and thickness 
are remarkably regular in individual mines Dip m 
Central Rand averages 50° at outcrop, flattening to 
31° in first row of deep-level mines, with flatter dips at 
greatei depths, m East Rand, dips are as flat as 6°, 
m West Rand, dips are steep Both hanging and 
footwalls are usually quartzite For furthei details, 
see Bib (254) 

Development. For modes of entiy, see Art 15 
Workings tributary to inclined shafts from surface are 
nearly exhausted Seveial veit hanging-wall shafts 
for hoisting from 5 000-6 300 ft m a single lift have 
recently been completed Most of them are rec- 
tangular, 6 or 7 compartments, and arc made larger 
than necessary for hoisting to aid ventilation Such 
shafts may be 2 miles apai t Intervening areas are 
usually developed by “sub-inclmes,” delivering ore to 
haulage levels connecting with vert (or turned-vert) 
shafts These inclines, of winch 30-40 are constantly 
advancing on the Rand, are usually in footwall, some, 
designed to reach 8 000 f t ( vei t) , are concreted Thi ee- 
compt inclines (17 5-22 5 ft wide) are 2 000-3 000 ft 
apart, those of 5 compts (35 ft wide) are spaced 3 000- 
4 000 ft, recent trend is towards the smaller inclines 
at closer intervals, to reduce hauling and ventilating 
distances at great depths As precaution against 
crushing, common practice is to stope at least 1 reef, 
regardless of its gold value, as early as possible from 
a stiip directly over an incline 
Lateral development, at intervals of about 140 ft vert, or as much as 1 000 ft horiz in 
fliat-dippmg reefs, includes drifts m reef and mam haulage drifts in footwall Former are 
7-8 ft wide, latter are 15-18 ft wide m some mines, usually narrower On deep levels, 
important haulageways aie always in footwall, Robinson Deep (Central Rand) has a 
haulage diift on every level in its deep workings, 40-50 ft (normal to dip) m footwall, 
with crosscuts to reef drift every 500 ft. Crown Mines has footwall drift only at every 
5th level On Eastern Rand, drifts have commonly been driven m reefs, on straight 
lines and with varying grades, but nowhere exceeding 15%, to follow undulations of reef, 
requiring endless-rope haulage More recently, footwall drifts on uniform 0 0% grade 
for loco haulage have been adopted, longest possible tangents being connected by such 
curves as will maintain reasonable proximity to reef This system has incidental advan- 
tage of avoiding pumping from low spots in an undulating drift With any system of 
footwall development, stopmg areas are approached by crosscuts, raises, and ore-passes 
Stoping methods may be classed generally as breast stopmg, but the nature of the reefs 
and problems arising from mining at great depth have resulted in unique practice Press 



Longit Sec in Plane of Reef 

Fig 194 “Herringbone” Stope, 
East Rand a, Stope faces h, 
Waste packs c, Safety pillars 
d, Haulage level e, Winch /, 
Drift 
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from hanging wall, with danger of rock bursts, demands special means of roof support, 
described hereafter. Experience with rock bursts has led to reversal of former practice 
respecting use of ore pillars for support; leaving of pillars is now generally avoided as a 
rock-burst menace. Present modes of support are based on principle that settlement 
is inevitable, subject only to control, not to avoidance. Backfilling, usually with sorted 
waste, is common method of control. Fig 194 shows the “herringbone system” of 
breast stoping on the East Rand. Level interval is about 600 ft, along the dip. A raise, or 
winze, or a combination of the two, is driven between levels near middle of a stoping area, 
with a track connected with the tracks on each haulage level. A winch, with compressed 
air or elec drive, is installed at upper end, as at e. Stoping starts by widening the raise 
laterally on each side, by slabbing rounds drilled with jackhammers. Horiz and parallel 
branch tracks are then started at 30-ft intervals and advanced to keep within reach of the 
stoping face. Cars (1-ton) are loaded and trammed by hand to the incline, where they are 
hoisted or lowered to the haulage level above or below. In stopes 600 ft or more in dip 
length, a second winch may be mstalled at a mid-point for delivery of cars to the lower drift, 
while the winch at top 
hoists to the upper drift 
from upper half of stope. 

Roof support is by “waste 
packs” (backfilled). 

Fig 19.5 shows the 
“crosscut and boxhole” 
method ; it has been used 
on flat dips m E Rand, 
but has more recently 
given way to scraper meth- 
ods. It IS adaptable to 
widths of ore too small to 
permit use of main-haul- 
age cars in stopes; in very 
narrow reefs, cars may 
have only 5-cu ft capac. 

C'rosscut X IS driven under 
a centrally located raise 
or winze, driven in reef 
between levels. Steeply 
inclined raises (“ box- 
holes”), g, with chute 



pockets at bottom, are Fig 195 " Crosscut 

then driven 90 ft apart, faces. 6. Waste packs 
Stope faces are advanced 


and Boxhole” Stope, 
c. Safety pillars rf, 
g, liaises or “boxholes 


East Rand. 
Haulage level. 


a, Stope 
/, Drift 


both ways from raise, in . a j 

direction of the strike. Three parallel and nearly horiz tracks, about 30 ft apart, extend 
in both directions from top of each lioxholo. Track is usually 20-lb rail, laid on 3 by 4-in 
hardwood ties; gage, 18-30 in. Ore is hand-trammed to boxholes, whence it is drawn 
into cars on mam level. Waste packs are the roof support. 

Fig 196 shows “scatter pile” (“skeleton shrinkage”) method, developed at Modder B 
mine, but also used elsewhere on E Rand and on steeper dips of Central Rand. According 
to C. L. Butlin (673), area between 2 mam levels is divided by horiz opemngs, o, to form 
stoping blocks not longer than 200 ft on dip, extending both ways from a centrally located 
raise (or winze), r. A central, inclined track through raise r connects with haulage tracks 
on mam levels, over which cars are hoisted or lowered by winch, e. Horiz branch tracks in 
openings o are depressed m footwall to allow scrapers to discharge into cars through 
loading chutes 1. Stoping starts by breasting both ways from raise r. Bioken ore is 
shoveled back 12-18 ft from face into a pile paralleling the face; it reaches the roof but 
gives no support to it, this being supplied by temporary timber packs, metal Props. or 
other means described below. Purpose of pile is to prevent scattering of ore on blasting; 
hence the name “scatter pile.” Ore from blasts is thrown back into the pile until the 
working space is too small for the drillers; scraper then removes enough to restore ample 
working space; ore thus removed from pile toward face is about 40% of total broken. 
At rear of pile, waste is sorted out for building waste packs. Sorted ore is scraped to cars 
on next lower horiz tracks; floors are then swept to recover fines. Scraper hoists, with 
air or elec (15-35 hp) motors, are moved from block to block. Stokes estimates (195) 
that scrapers, where suitable, save 6 pence per ton in cost of handling, as against hand 
loading. Saving in stope trackage, usually requiring footwall excavation, is also an 



10-146 


OPEN STOPES 


important economy in favor of scrapers, which are being widely used throughout the 
Hand for sundry mining methods. On Central Rand (dip 30°~50°), the “scatter pile” 
principle is widened, in that ore behind the advancing face, aided by timber support, 
maintains a safe working place. In such case the method is locally called “shrinkage,” 
since, as in “scatter pile” mining, about 40% of the broken ore must be removed con- 
tinually from the side of pile toward the face to maintain working space for drilling; 
but stope faces advance laterally by breast stoping and miners stand on footwall rather 
than on broken ore; hence, the method is not “shrinkage” by usual definition (see Art 67), 
In Rand practice, sorting at rear of advancing pile precedes removal of ore from stope by 
means best suited to conditions, and waste is packed so as to allow roof to settle with 
minimum disturbance. A pile 10 ft wide usually suffices for roof support near face; 
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unless ore is reclaimed from pile within 60 ft of 
face, crushing and compacting by roof press make 
sorting of ore difficult and inefficient. Cited 
advantages of so-called “shrinkage” system are: 
rapid advance of face; good roof support near 
working face; small loss of fines. Cited draw- 
backs: breaking and reclamation are separate 
operations, requiring divided attention of miner; 
ventilation less easily controlled; heat is generated 
from oxidation of pyrite in broken ore; ore pile 
may be diluted by waste from hanging or footwall 
during reclamation. 

For thin reefs under heavy press, as in Central 
Rand, resuing has shown its advantages, provided 
suitable partings exist; to 1936, City Deep had 
mined 4 000 000 tons by this method. According 
to A. G. Boyden (576) in 1931, advance of face 
begins by erecting a barricade of lagged 7-in stulls, 
7 ft apart and 2 ft from face, leaving enough space 
under the roof for waste to be thrown over. 
Waste is then broken above the reef to a height 
that will give an ultimate width of about 42 in. At 
such width, for example, 25 in of waste, when 
broken, will fill final excavation completely; if the 
remaining 17 in contains sortable waste, it must 
be hoisted, or used for filling elsewhere. Waste 
face is advanced 8-10 ft, or until the pile reaches 
the barricade, the roof being supported on short 
props. Ore is then broken away from footwall, 
with light shots or air-driven gads, and dis- 


charpd through chutoB or moved ly ;craper8 to 

c » ■ ,1 J.1 U 1 1 A~ _1 i. J i. 

c. Safety pillars. 


^ Safety pillars, d, Haulage level. e\ the haulage level. As short props drop out, they 
Wmch. /, Drift, h, Piles of broken ore. are replaced by longer ones, keeping roof safe 
e« c until next row of lagged stulls is set. The retreat- 

Raise entry to stope mg edge of reef stops 1-2 ft from the waste face; 

after cleaning the floor, a new barricade is erected 
and operation repeated. At an individual face, waste stoping may take 12-16 days, extrac- 
tion of reef, 6-8 days, extra shovelers working during latter peiiod. 

In all the above-desciibed methods, stoping faces are maintained on nearly straight 
lines, usually parallel with dip, unless the prevailing direction of fractures makes it easier 
to control roof settlement behind a face advancing at some other angle. Faces are 200- 
400 ft long, on dips over 30°; 400-1 000 ft on flatter dips. When opening a stope from a 
drift, the tendency to abrupt falls of ground (“rock bursts”) can be counteracted by 
stoping to a width of 8-10 ft on the dip side of drift, in advance of similar stoping to the 
rise, and packing the spaces with artificial support rigid enough to keep the drift open, 
but permitting enough settlement to relieve concentrated stresses in hanging wall. Con- 
trol of roof settlement and avoiding of bursts are helped by rapid advance at face; for this 
reason (and also to provide more favorable conditions for use of scrapers, where applicable) 
drilling in some deep mines is concentrated at certain places almost to point of congestion, 
and at expense of drilling efficiency. 

Breaking ground in stoping. Fig 197 shows the general shape of stope face, main- 
tained to provide free faces, and the manner of placing holes. Usually, one hole will 
break or loosen whole width of reef. According to H. Simon (89), in a 40-in stope, a 
42-in hole with about same burden, and loaded with 2.7 lb of 50% dynamite, will break 




EXAMPLES OF PRACTICE, RAND, SO AFRICA 10-147 


about 7 sq ft of stope area, or 2 tons. Fig 197 also shows a “hole director,' 
various forms, is used widely on the Rand. The one shown 
(89) is of 3/4 or 7/g-in steel tubing, with welded joints, and 
weighs about 5 lb; it is made in different sizes for varying char- 
acter and thickness of reef, on basis of records by efficiency 
engineers. With the instrument held in plane of reef, the inner 
end of arm A is placed at the point of the face where the hole 
is to be collared, and end of arm B is moved against the face. 

Arm A then indicates proper direction of the hole to give the 
burden for which the “director” is designed. Miner or fore- 
man marks with chalk on the face and roof the direction which 
the hole is to take and its depth. Simon states that, in general, 
max effic is secured when area of rock in plane of “director” is 
63% of area of rectangle indicated. 

Until about 1920, drilling in thin or steep reefs was done 
by hand (p 582, 2nd edn), one 3-ft hole, breaking 0.5 ton, being 
a day’s work for a native driller. In wider reefs, mounted 
drifters were used, drilling 4 holes per shift and breaking about 
6 tons in a 4-ft stope. Nearly all drilling is now done with un- 
mounted, 50-lb, wet jackhammers. These have been effective in 
reducing the minimum necessary stopmg width, and the amount 
of waste broken and sorted in working a thin reef, and allow- 
ing "^production from reefs previously unprofitably narrow or 
low-grade. Table 33, from A. E Payne (573), shows results in 
one mine before and after introducing jackhammers. 


which, in 



Fig 197. Hole 
Director 


Table 33. Reef and Sloping Widths, Van Ryn Deep 


Year 

Fathoms 1 
stoped (a) 

ileef 

width, in 

Stope j 

width, in 

Waste 
width, m 

Method 

1919 

8 771 

36 

66 

30 

By hand in Main Reef Leader 

‘ ‘ 

24 693 

48 

74 

26 

Mounted drill in same 

1928 

42 547 

39 

51 

12 

Jackhammer in same 

‘ ‘ 

26 402 

20 

37 

17 

Jackhammer in small leaders 

‘ ‘ 

68 949 

32 

46 

14 

Jackhammer in all reefs worked 


(«) “Fathom” = 36 sq ft 


Another advantage of the jackham- 
mer as compared with reciprocating drill 
IS that the smaller holes and lighter 
charges are less destructive to the brittle 
and fissured hanging wall. A third and 
most prominent effect has been a great 
increase in rate of drilling and breaking. 

In favorable ground, a jackhammer can 
drill 80 3-ft holes in a shift; aver over 
whole Hand, 75 ft of hole per drill- 
shift Table 34, from A. E. Payne (573) 
shows stopmg performance wuth jack- 
hammers in 1928, in 6 nunes under same 
management. 

Table 35. Aver Sloping Effic in a Group of Rand Mines Stokes (195, p 216) gives 

the data in Table 35, on a re- 
presentative group of mines, 
but states that variable con- 
ditions (such as the possible 
incomplete recovery of fine 
ore) render it difficult to com- 
pare stoping efficiencies. 

Other factors contributing 
to improved effic of breaking 
in stopes: (a) increasing use of 
“hole dhectors”; (5) employ- 
ment, in some mines, of a 
“cleaning shift,” preceding drill 



1931 

1935 

Stoping w'ldth, m 

44.2 

46.9 

Fathoms broken per drill-shift 

2.43 

2.60 

Tons ‘ ‘ “ “ 

26.73* 

30.42* 

Ft of hole per drill-shift 

85 

90 

Ft of hole per ton broken 

3 18* 

2.96* 

Number of holes per fathom 

9.5 

9.5 

Aver depth of hole, ft 

3.7* 

3.6* 

Ngl cont of explosive, lb per fathom . . 

5 0 

5.0 

Cost of breaking, per fathom 

“ “ “ “ ton . . . 

29s 9d 

27s 8d 

28 8 3d 

28 4. 2d 


* Calculated and interpolated by author 


Table 34. Jackhammer Stoping in a Group of 
Rand Mines, 1928 


Mine 

Fathoms 

broken 

Stoping 
width, in 

Fathoms per 
dnll-shih 

Tons per 
drill-shift 

A 

140 284 

66 

3.64 

60 14 

B 

52 087 

39 

1.83 

17 60 

C 

89 228 

45 

3.05 

33.97 

D 

126 156 

45 

1.47 

16.60 

I-] 

69 026 

46 

1.85 

21.20 

F 

32 569 

51 

1 78 

22 81 
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shift by about 1 hr and making faces ready for drillers; (c) increasing employment of shot- 
firing crews, holes being loaded by miners at end of their shift, as heretofore; since blasting 
must begin in stopes on the return air course, delayed firing may considerably increase 
the time applied to drilling in these stopes; (d) in deep mines, where roof press on an 
advancing face may be controlled as in longwall coal mining, the natural crushing of reef 
may account for larger tonnage, recovered by hand pick or air-driven gads, than the 
blasting. 

Types of roof support. Orb pillars, aided locally by stuUs or other supports, were 
customary throughout the Rand to a vert depth of 1 000 ft. Local conditions govern as to 
depths at which pillars may be left without danger of rock bursts. In Central Rand, 2 000 
ft was considered the max permissible depth for pillars in stopes; on Eastern Rand, with 
softer footwall, safe limit is considered to be 4 000 ft. As a rule, pillars at great depth have 
long been abandoned. Stokes (195) states an exception at Modderfontein East, where 
temporary pillars, 8 ft diam, are cut systematically to support the face. Each line of pillars 
is removed when the face has advanced enough to cut a new line and build the permanent 
stope supports. In some deep mines with wide reefs and large stopes, intrusive dikes, 50 ft 
thick or more, normally left standing as pillars, have caused trouble by bursting. Rem- 
nants at stope junctions present same objection as pillars; they are mined with special 
precaution, under written instructions to all concerned. Piostyes, or cribs filled with ore or 
waste, were long a common form of support, but have largely given way to other types. A 
disadvantage of the pigsty was its fire hazard and tendency to fail through rotting of 



Fig 198 Concrete 
“Pancake” Column 
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Duplex Pack. Three 3 sticks 
in each row. Also made of 
sticks, 48'' long 
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Fig 199. Two Types of All-timber Support, Rand 


timber (later reduced by use of timber preservative). Concrete “pancake” columns 
(Fig 198) were introduced at Van Ryn Deep and soon nearly displaced pigstyes in that and 
some other mines of East Rand. A pancake is a circular reinforced-concrete disk, 30 in 
diam, 4 in or more thick, with a 4-m hole at center for handling. A le\el footing is con- 
creted and allowed 1 day to set. Disks are then piled one on another, with a little sand 
between to cushion irregularities, to within 1 or 2 ft of roof, which space is packed with 
wooden blocks and wedges, providing some compressibility. A. E. Payne (573) shows that 
during one month in 1930, an East Rand mine used 2 409 columns (18 473 disks) in slop- 
ing 282 168 sq ft of area, sloping width averaging 52.5 in; area served by each column was 
thus 117 sq ft. Pancake columns are notefficon dips over 30°. At increasing depths their 
use has declined in favor of all-wood or waste packs, which permit better control of roof 
settlement. Monolithic concrete columns have been used in some mines of E Rand, 
but at increasing depths they are being displaced by more compressible supports. Accord- 
ing to J. Richardson in 1926 (571), a steel-plate sectionalized form, 33-in diam, is filled with 
concrete to within 18 in of roof; reinforcement, wire-rope rings 30-in diam, 1 ring per in of 
height. One man can build a column 42 in high (for a 5-ft stope) in 3-5 hr. When con- 
crete has set, space at top is packed with wood blocks and wedges. Where used, such col- 
umns serve mainly for protecting track-ways, reinforcing edges of pillars, and as corners 
for waste packs. Rail props, pieces of steel rail, each standing on a sole-plate in a sand 
box, are used for temporary support in “scatter pile” stoping (see above) in Crown deep- 
level mines of Central Rand. A single stope may require 400 such props, in 8 rows: 2 in 
working space at advancing face, 4 buried in broken ore, 2 holding open space for sorting. 
Last row is recovered and moved to front when replaced by packed waste. Sand filling 
(Art 92), according to Stokes (196), is no longer used on Central Rand, but is still common in 
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E Rand to support worked-out areas before extracting hanging-wall bands of ore. Timber 
PACKS and chock mats are favored for face support, having advantage of ready compressi- 
bility (after serving initial purpose) when weight comes on waste packing behind and 
around them, thus aiding control of roof settlement “Duplex pack mat” (k ig 199) is of 3-m 
round or square pieces, 24-32 in long, piled 3 pcs on 3 , or of 4-in squared pieces 48 in long. 
“Chock mats” (Fig 199) are of 6-in timbers, slabbed on 2 sides to give depth of 4-4 5 in, 
3 pcs 24 in long, or 4 pcs 48 m long, are threaded on 2 s/g-m bolts and drawn together 
tightly A chock of any height can thus be built Waste packs consist of back filling with 
waste, usually from sorting One type, wire pack, is made by enclosing an area, commonly 
a 6-ft circle, with woven fencing of 6-gage wire and 6 by 18-in rectangular mesh, attached 
to light wood props, and filling the enclosure with coarse waste or ore packed sohdly to the 
roof A 6-ft diam pack 4 ft high requires 9 3 sq yd of fencing Ends of wire bemg joined, 
failure of props has no adverse 
effect Such packs are used on 
dips to 50° They are fire- and rot- 
proof 

Rand mine costs According 
to Stokes (195) aver costs in 1935, 
excluding some old mines with 
diminishing development and capi- 
tal charges, were roughly as in 
Table 3b 


34. SYSTEMATIC ROOM AND PILLAR METHODS IN BEDS 

Term “room and pillar” covers many different methods of cutting up a deposit by 
exca\atmg rooms, in which sense it includes breast stoping (Art 30, 31) Methods 
desciibed below differ from bieast stoping mainly in being more systematic, rooms and 
pillais are generally leetangular and laid out with almost mathematical regularity, the 
pillais may be left for permanent support, or recovered by robbing operations These are 
colliciy methods applied to mining salt, iron ores, etc, but may generally be simplified m 
these deposits because of less rigid ventilation requirements For details of coal-mmmg 
methods, see Art 102 ct seq 

Suitable deposits for exploitation by room and pillar are flat or slightly dipping beds 
of unifoim tenor and character, and of largo area Cheap, abundant, strong mineral, 
and a strong roof and floor are necessary if permanent pillars are left, where ore m pillars 
IS recoveied by robbing, a veiy stiong roof may “hang” over large areas and cause trouble 
by dioppirig suddenly (Art 103) 

Detroit Rock Salt Co, Mich Data from H D Reiser (526) in 1930 Room and pillar mimng 
(Fir 200 ) is apphtd to a boriz bed of rock salt 30 ft thick, 1 lUO ft below surface Overlying rocks, 
chiefly limestones, dolomites, 
sandstones ind shales For- 
mation immediately above 
salt bed is of limestone, gyp- 
sura and salt, that beneath, 
shale and limestone Entry 
IS by 2 \ ert shafts Haulage- 
ways are driven 40 ft wide 
and 300 ft apart Bed is 
mined by rooms, 40 ft wide, 

25 5 ft high, running parallel 
with and at right-angles to 
haulage ways on 80-ft cen- 
ters, leaving permanent pil- 
lars 40 ft square, extraction, 
about 75% Bottom heading, 

11 ft high and width of room, 

18 advanced 20 ft in 3 to 3 6- 
ft rounds, of 32-36 holes 
arranged alternately as (a) 3 
wedge outs and (b) a wedge 
cut with 2 slabbing cuts (Fig 
201 4). Upper bench is then 
broken to full height in 5 
stages (Fig 201 B) by 14 
holes in stages 2, 4, 5, and 24 holes in stages 3, 6 A 9-ft hole, 15m diam, is bored by eleo auger m 
about 1 5 mm Explosive, 60% ammonia dynamite. When 1 000 to 1 500 tons are broken in a roonii 
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Table 36. Average Rand Costs Per Ton Milled, 1935 


s d 

8 d 

Development . 3 0 

Mining 12 2 

Milling 2 9 

General operating 1 9 

OflSce and miso 0 4 

20 0 

European wages 5 1 

Native wages 4 0 

Supphes 7 4 

All other costs . 3 7 

20 0 
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salt is loaded into 3-ton cars by elec shovel with 0.75-yd dipper, at about 600 tons per 9 hr. Large 
lumps broken by blockholing with augers or pneumatic picks, with air from a portable compressor. 

Clinton iron ores, Birmingham, Ala. Orebodies are beds of hematite, interbedded in sandstones 
and shales. They extend many miles along the strike and have been opened over 2 000 ft on dip. 
Leaching has removed hme from upper parts, producing enriched soft ore for depths down to 400 ft 
on dip; below this, ore is hard. W. R. Crane (542) gives following data in 1924. Two seams have 

been mined, Big Seam and Iron- 


Limestone gypsum and salt 
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Fig 201. 


B,Longit Sec 
Breaking Ground in Detroit Rock Salt Mine 


dale. Former is more important 
source of ore. It is 15-22 ft thick, 
divided by a slate band, from a 
knife edge to 30 in thick, into 2 
parts: “upper bench,” 10 ft aver 
thickness, “lower bench,” aver 8 
ft. Irondale seam is 3-8 ft thick, 
aver 6 ft. Due to folding, local 
dips are from 8®~50°, usually 16°- 
30°; hanging wall largely sand- 
stone; foot wall shale. Methods 
OF MINING, Entry is by inclined 
shafts, 14-16 ft wide, m the de- 
posit Aver distance between 
slopes in various groups of mines. 


1 333-2 475 ft Level interval, 65-200 ft, present tendency being toward the higher figure. Man- 
way raises, 12-15 ft wide, are driven 75 ft on each side of and parallel to the slope, leaving a shaft 
piUar. Headings 15 ft wide on each level are driven to manway raises. Beyond the raise the head- 
ing 18 widened to 20-45 ft, aver 35 ft, by breast stoping. In older workings, wnth smaller level 


Heading track 



Fig 202, 



Branch Tracks for Working 
Wide iStopes 


Fig 203. Rtope Layout 
for Scraper Loading 


Heading track 


interval, driving the headings with connecting raises at 100-ft intervals constituted the first mining. 
Pillars were then robbed, retreating from points midway between slopes, with estimated extrac- 
tion of 80-90%. Present practice in mining upper bench of Big Seam is to use a “wide-stope** 
method, as follows. At intervals of 1. ‘'>0-200 ft along the headings, preliminary raise slopes 23-30 ft 
wide are carried by overhand stoping to the 
heading above, leaving a pillar 125 ft long along 
strike. Successive slices are then taken off the 
pillars parallel to the raise slopes (Fig 202) 
until the slope is increased to 130-150 ft long, 
or such length as the back will stand. Rows of 
props paralleling side of pillar are put in to sup- 
port back. Ore from both raise slope and slices 
is lowered to heading by gravity planes. 

Introduction of power bcrapebb has per- 
mitted greater level interval and more exten- 
sive use of wide-etope method. A simple layout 
for scrapers is shown in Fig 203. Headings are 
18-20 ft wide and 150 ft or more apart along 
dip. At intervals of 75 ft along headings, over- 
hand slopes 20 ft wide are started, which, 20 ft 
up the dip, are widened to 50 ft and driven to 
heading above. Small pillars are left where 
required in slope and below heading above. 

These 50-ft slopes are later combined into one 
large slope, with a length depending upon 
strength of back. Ore hauled] by scrapers to 
cars on lower heading tracks. 

Mining the lower bench of Big Seam is done in older workings where conditions are favorable. 
It involves taking up the floors of the old pillar-supported slopes. Slopes 30-35 ft wide and several 
hundred ft long are mined. A branch track is turned off heading track, and extended diagonally 
across the etope through the cross-heading in the arch pillar to the middle or bottom of next slope 
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above, thence parallel to main heading track (Fig 204). Stope is then extended by underhand method 
full length of old heading. Pillar robbing, the final operation, is started in workings farthest away 
after sloping is completed, and carried back toward slope Pillars are mined by slicing parallel to 
the heading, and breaking through pillars up the dip imtil all possible ore is recovered. 

Tennessee Coal, Iron & R R Co, Muscoda, Ala. Data from C. E. Abbott (167) in 
1936. Company mines a high-grade limestone for its steel works from a bed 40-50 ft 
thick, dipping 17°, and lying 330 ft above and parallel with a bed of Clinton iron ore, also 
mined at same place. Limestone bed was entered from beneath by a rock slope from 
haulage drift of the iron mine, 2 500 ft inside of outcrop to avoid decomposed rock and 
watery strata; then opened by a slope with 12 by 20-ft entries on both sides, 200 ft apart. 
Rooms, turned up-dip at 70-ft centers, are 12 by 12 ft m sec for first 20 ft; then widened 
to 30 ft, and again narrowed to 8 ft when within 15 ft of next entry above, to which they 
break through near top of bed, for ventilation. Remaining 25-30 ft of good stone in roof 
is broken down in slices 8 ft thick, starting at lower end, with upper holes drilled normal 
to dip by 4-m wet hammer drills on tripods standing on broken rock; until room is finished, 
only enough rock is drawn, by scrapers discharging into cars in entries, to make room for 
drillers. Explosive is 42%, water-resistant ammonia dynamite. Practically no timber 
is required. Resemblance to coal mining is emphasized by occurrence of CH 4 , probably 
from an overlying bed of bituminous shale, requiring circulation of 25 000 cu ft air per min, 
and the precautions observed in gaseous coal mines. 

Blue Diamond mine, Arden, Nev. Data from W. G. Bradley (193) in 1932. A 
gypsum deposit is worked as a side-hill quarry until capping becomes excessive; then by 
room and pillar underground. Bed is 12-20 ft thick, nearly horiz; capping rarely exceeds 
100 ft of soft sedimentaries; roof is a firm, 2-ft bed of clay and gypsum. Headings 
10-25 ft wide enter from wall of quarry at intervals of about 25 ft. (Crosscuts of same 
width, 20 ft apait, form pillars about 20 by 25 ft, containing 25% of original volume. 
Pillars are robbed by slabbing, until only 8% of original volume remains. Caving of 
ground above mined-out area is then induced, as a safety precaution, by blasting out the 
pillar remnants; gypsum thus broken is not recovered Jackhammers drill 50 ft of 1.25-in 
hole per hr. In a 14 by 25-ft heading a round requires 17 10-13-ft holes, arranged for 
center draw-cut, loaded with Ilercomite No 6 powder (25% strength) and 1 stick of 
30% gelatin in middle of each hole; little secondary blasting is needed to reduce to size for 
hand loading. Aver advance, 8.5 ft per round, breaking 1.14 ton per ft of hole, with 0.5 lb 
powder per ton broken. 


36, OPEN UNDERHAND STOPES, NARROW VEINS 

Applicability is to narrow veins at any dip, but best suited to steep dips. Strong walls 
are desirable for any dip, and are usually essential in steep veins from standpoints of safety 
and ore dilution. In steep veins, the method is usually limited to orebodies requiring no 
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(a) SINGLE STORE 
C1.0NG1T sec) 



(longit sec) 


Fig 205. Simple Underhand Stopes 


sorting (see “Handling waste,” below). Strength of ore is rarely a determining factor in 
applicability of method to narrow veins. 

General plans of mining by underhand stoping are shown in Fig 205, 206. 

Details vary with modes of breaking ground and handling ore and waste. In simplest 
case, (a) and (h) Fig 205, floor of level is broken into with a winze as at C, from which a 
horiz slice dc/g is excavated from wall to wall, as face ef advances, the winze is deepened and 
another slice started. Process is repeated by advancing successive slices, forming step-like 
faces, converging toward bottom of stope, as is characteristic of underhand work. Stopes 
like (a) Fig 20.5 are single stopes; those like (6), double stopes. Terms toe and heel 
sometimes designate top and bottom of stope. Fig 206 shows a better plan, known as the 
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CoBNiSH MBTHOD. Stope IS worked around a raise or winze between 2 levels. Where work 
is carried on as in Fig 205, all ore except that from first slice is shoveled into buckets and 
hoisted out to the level above. In Cornish method, broken ore falls through raise to level 
below, and is loaded by a chute into cars; such slopes are self draining. This method is 
used instead of that in Fig 205 wherever possible. 

Underhand sloping as in Fig 205 is convenient for mining ore below a level without 
preliminary development, but its use increases cost of mining by the cost of hoisting ore 
out of the stoiie. Though such sloping is not used for systematic mining on a large scale. 



Level 


6ECTION IN PLANE OF VEIN 

Fig 206. Underhand Stope, Cor- 
meh Method 



Fig 207. Cross-sec 


it is useful: (a) for mining small, irregular oreshoots with spotted values; often such 
deposits can be explored only by stoping them; this work approaches gophering (Art 2i)) , 
(6) for mining isolated or faulted portions of orebodies, as XY, Fig 207, where development 
openings required to get underneath them would be too costly or difficult to maintain; 
(c) for small-scale work, lacking funds for preliminary development. 

Fig 208, P. B. Scotland (178), shows underhand stoping in a narrow vein with firm 
walls by Arizona Copper Co. Stoping began near top of untimberecl raises, put up in the 
oreshoot 25 to 50 ft apart. An arch pillar was left; working floor was kept cone-shaped to 



reduce shoveling; a grizzly of logs, over top of chute, prevented largo pieces of ore from 
entering and clogging it. 

Development. Drifts are usually driven in veins. On steep dips, level interval may 
be limited by safety factor (Art 14-19). 

Breaking ground (see Art 26 to 28). 

Support of levels. Underhand stoping, carried on as in Fig 205, 206, destroys the 
drift floor over a stope. Communication with parts of level beyond stope can be main- 
tained by: (a) A row of stulls placed as at S (Fig 209) and lagged, and tracks laid on them; 
with this plan there is always a break ef at end of the stope, which is bridged temporarily 
with timber. Where vein is much flatter than in Fig 209, stulls are set nearly normal to 
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hanging wall; waste may be placed on the lagging to support car tracks. (6) A level- 
PILIAR (or ARCH PILLAR), left over back of stope, as at P, Fig 209; it is foimed by driving 
a drift G from the raise and stoping below it. Opening G is a stope-drift (Cornish stope- 
drive) or SUB-DRIFT. Choice between (a) and (6) depends largely on grade of ore. A 
level-pillar may also be 
required to support stope 
walls, in which case, depth 
of pillar depends on degree 
of support deemed neces- 
sary. 

Handling ore. All 

broken ore must be moved 
along face to heel of stope ; 
amount of shoveling re- 
quired depends on: (a) 
general slope of stope face, 
which may be varied by 
changing the proportion- CROSS- 
ate length and height of SEC A B 
the benches; (b) dip of 
vein, which, together with 



longit sec cros»* 

Fig 209. Simple Underhand Stopes 


SEC C D 



CROSS-SEC 


SEC. 


Fig 210 


slope of stope face, determines the pitch of the footwall corner of the stope, and amount 
of broken ore which will “hang” and require shoveling. These factors are less impor- 
tant where conditions allow use of scrapers (Sec 27). 

For economical handling, benches should be high and close together; higher benches 
are possible in wide than in narrow veins (Fig 214 shows extreme case). Very high 

benches reduce number of points of attack 
in a stope, which, for a given tonnage m a 
narrow orebody , requires more stopes kept 
open simultaneously. Heel of an under- 
hand stope eventually reaches the level 
below. If ore in the back of^the level is 
mined as at x. Fig 209, the advantage of 
loading from a chute is lost, unless back 
of drift is replaced by lagged stulls, as is 
often done. Sometimes pillars of ore are 
left over the level. 

Handling waste. In steep veins, sorting of waste is rarely practicable in underhand 
stoping, and all the vein matter is usually sent to level below. In narrow veins, where 
general slope of stope face is kept sufficiently flat, waste may be sorted and stored on stulls 
(Fig 210). On flat dips, regardless of 
vein width, waste may be stored on C' ^ 
footwall. i! W 

Support of walls. In a steep vein 
the aiea of unsupported and inacces- 
sible walls ovei hanging a stope con- 
stantly increases. This makes an 
open underhand stopie dangerous in 
weak ground, and is a serious disad- 
vantage. Both foot and hanging walls 
must be carefully examined, and all 
loose stuff barred down before the 
stope faces leave them. In narrow 
veins, slabs may be supported by 
STULLS {A, Fig 210); larger areas of 
walls, by artificial pillars of waste 
piled on rows of stulls {B, Fig 210). 

Stulls are placed roughly opposite 
benches; their diam varies, with width 
of vein and local conditions, from 8 
to 14 in or more; distance between 

stulls, 3 to 6 ft; round 4 to 6-in poles make good lagging. For details of hitches, 
blocking and placing stulls, see Art 38. Pillars op ore may be left where desired, . 
As a whole, working by underhand stoping depends on pillars of ore for supporting 
walls. 



m Ore Low-£:rnde or waste 

Fig 211. Underhand Stoping (Sec in plane of vein) 
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Fig 211 shows actual underhand stopes covering a large area of vein. Mine was opened by 
inclined shafts in the vein (note shaft pillaks on each side of shafts). As in other methods involving 
pillar support, an attempt is made to reduce loss of ore in pillars by leaving them, where possible, in 
low-grade or narrow parts of vein. 


Pilgrim mine, Chloride, Ariz. Data from E. F. Hastings (540) in 1937. This mine 
offers an example of underhand stoping where hanging wall is weak. Gold-bearing veins 
occur along both hanging and footwall sides of a well defined shear zone in a senes of vol- 
canic flows, intruded by rhyolitic and basic dikes. Shear zone dips about 30°, with aver 
width of 60 ft. Width of commercial ore, 3-18 ft. Hanging-wall vein, to which the method 
described below applies, dips 32°, and is of hard vein matter or a breccia. Above it is a 
layer of clay, over which is soft gouge; soft rhyolitic flows and latite predominate behind 
the gouge. Levels are at 100-ft intervals along dip, connected by raises 60 ft apart along 
strike, Stoping starts at top of a raise by slabbing downward with jackhammers, produc- 
ing a V-shaped opening (Fig 212). Slabbing holes rarely have burden greater than 2 ft and 
are usually 4 ft deep. Broken ore is conveyed to chutes by scrapers, or loaded by hand into 
shaking chutes of 12-in split fan pipe. Stope faces are kept straight to facilitate scraping. 
Back is supported by 8 by 8-in stulls, with headboards. Light burden on drill holes avoids 
opening much unsupported ground. Timbering is carried to within 4 ft of face. Drill holes 
are blasted lightly, with only 1 or 2 sticks; hence timber is rarely broken by blasting. 
After ground has remained open for a few weeks, back begins to weather and slough, and 
starts to cave. Thus, filling the mined-out 
area with caved material follows advance- 
ment of stope faces. Under the protection of 
the stulls, the ground near the face remains 
open long enough to complete the stoping. 

In effect, the method is one of retreat. 



Fig 212. Underhand Stoping, Pilgrim 
Mine, Chloride, Anz 



Fig 213. Underhand Stoping, Golden Mes- 
senger Mine, York, Mont, (Longit sec in 
plane of vein) 


Golden Messenger mine, York, Mont. Data from S. H. Lorain (69) in 1937. For 
geol features, development, and mining by overhand stoping, see Art 40. Usual width 
of ore, 4-10 ft; aver dip, 40°. In 1937, underhand stoping seemed to be successful m one 
stope, and its adoption as standard was anticipated. Fig 213 shows general procedure. 
Vert distance between mam levels, 160 ft. Intermediate level shown has no special 
significance as to mining method. Raises, 10 by 5 or 6 ft in sec, are spared irregularly as 
convenient. Ore is benched downward in slices, and delivered to and down a cential 
raise by scrapers. Stope face is kept at a low inclination to afford secure footing for miners, 
drilling with jackhammers. Protection for miners is by row’s of 8-in stulls 7 ft apart, 
lagged with 3-in sawed or 6-in round lagging, and covered wuth a thin layer of waste. 
Rows of stulls are 16-20 ft apart along the dip, depending on the ground. 


36. OPEN UNDERHAND STOPES, WIDE VEINS 

General. Narrow-vein methods (Art 35) can sometimes be extended for use in wide 
deposits. In veins over 16 to 18 ft wide, the usual economic limit for stulls (Art 38), 
pillars of ore must be left to support walls and slabs. These methods are therefore limited 
to orebodies with strong walls and strong or© where dip is steep, or with at least a strong 
hanging wall where dip is flat. 
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Candelaria Mining Co, Chihuahua, Mex, has mined a vert oreshoot (length over 100 ft, aver 
thickness, 33 ft, crumbly porphyry footwall) by underhand stopmg. Horiz timber trusses placed 
across stope supported the walls at intervals of 4 to 6 ft vertically and 5 to 8 ft horizontally. This 
was tried because ground was very wet, and the water level was lowered so slowly that it was inad- 
visable to delay production until the orebody could be attacked from below (179). Some slopes 
were timbered with square-sets (see Art 45), but elaborate timbering in wide underhand stopes is 
not generally feasible. 


Heading method has a limited application to wide, steep-dipping veins or lenses. 
Fig 214 shows its simplest form. A shaft is sunk in orebody, and levels started at 60 to 
100-ft intervals along dip. Drifts are run out 15 to 60 ft; then a vertical or inclined 
raise is put up to within 20 or 30 ft 
of level above. From top of raise a 
drift, or heading, is started and 
widened to walls of deposit. Ore 
below the floor of heading is broken 
down into the raise. When stope is 
well opened it has appearance shown 
in Fig 214; heading is kept only a 
short distance in advance of bench; 
auxiliary raises R may be made for 
access to stope; pillars of ore may 
be left irregularly as required. 

(Note similaiity between shape of 

stope face and method of breaking ground here and in breast sloping. 
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Fig 214 


_ ^ Fig 183, 184.) 

Bench may be broken m vertical steps, or in slices parallel to the face, as shown by dotted 
line (Fig 214) ; deep holes and hea\"y charges may be used for blasting. 

Above method is simple and requires little dead work; it leaves a high inaccessible back 
over stope, and over floor on which trammers work; breaking ground is cheap, but all 
broken ore must be handled by hand shoveling or mechanical loaders (Sec 27) and much 
blockholing and sledging may be necessary. From 20% to 50% of the ore is left in pillars, 
pome of which may be recovered at considerable expense by first filling stopes with waste 
rock. It 18 sometimes possible to break the arch pillars into the open stope below, beginning 
at boundary and retreating toward shaft; m old workings this is apt to be dangerous. 

Fierro, N M. Data from L. M. Kniffin (168) in 1930. Irregular, lenticular replace- 
ment bodies of hard magnetite, aver 40 ft thick (200 ft max), dip 50°-60°; ore and walls 



Fig 215. Underhand Sloping, Fierro, N M (168) (Longit sec in plane of orebody) 

strong, though fiactured by minor faults with small displacement. Developed by adit 
and haulage drift along footwall, 350 ft below outcrop, with chute raises A 150 ft apart 
and manway raises B midway between them (Fig 215). At 25 ft above level, each chute 
raise is enlaiged to a grizzly chamber (bars with 16-in openings), above which 2 diverging 
7 by 10-ft inclined raises C with min slope of 38° are driven to intersect similar raises from 
adjoining chutes. Raises are connected by an intermediate level 175 ft above haulage 
drift, and by a subdrift F 25 ft below the intermediate, leaving a 15-ft floor pillar. Under- 
hand stoping begins from this subdrift, and proceeds downward by benching with jack- 
hamrneis until the triangular block between 2 laises is reduced to a small protective pillar 
above the grizzly chamber. Manways between mam chutes are then converted to chutes, 
as at Z), with grizzly chambers for mining, in similar manner, the triangular blocks above 
them. Low-grade patches usually afford the necessary pillars; where good ore must be 
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thus sacrificed, most of it is recovered later, with estimated loss of 10% of marketable ore. 
No timber is required in stopes except for temporary bulkheads and manways; most of it 
is used repeatedly. Output averaged 10.1 long tons per man-shift underground in 1929. 
Explosive (50% gelatin) per long ton, 0.355 lb for stoping, 0.096 lb for secondary breaking, 
and 0.580 lb for all purposes, including drifting and raising. 

Sherritt Gordon mine, Manitoba. Data from E. L. Brown (162) in 1933. Two 
lenses of ore, 4 200 and 5 800 ft long, occur in shear zones along contact between gneiss 
band on hanging wall and highly squeezed conglomerate and quartzite on footwall. Ore 
is a coarse-grained mixture of pyrite, chalcopyrite, and sphalerite, with rock inclusions. 
Width of ore, from few inches to over 50 ft, aver, 15.5 ft; dips, 30° to vert. Walls are 
strong and sharply defined. Development. Main shaft is in footwall, on incline of 51°. 
Main haulage drift i/. Fig 216, at depth of 500 ft on incline, was driven along footwall, 
about one-third of face being kept in ore. In central portion of orebody, drift is 7 by 15 ft, 
for double track; near ends, it is 7 by 8 ft, single track. “Second” and “first” level drifts, 
respectively 150 and 300 ft above haulage level, measured on inclination of shaft, are in 
footwall, 10-15 ft from the ore, and are 4 by 6.5 ft in sec. Raises, 5 by 5 ft, 120 ft apart 
along strike, extend along footwall, in ore, from haulage level to surface, or to uppermost 

mining limit. Crosscuts connect 



raises with drifts on the 2 upper 
levels. Stoping. For method 
used in flat dips, see Art 34; 
underhand mining is used where 
dip exceeds 45°. Along footwall 
side of haulage' drift, at 30-ft 
intervals, “ boxholes ” (chute 
raises) are driven. A “stope 
floor” (Fig 216) is first cut out 
above haulage level by slabbing 
around tops of boxholes, until 
both walls are exposed, and by 
funnelling the boxholes until they 
connect with each other. Atelev 
of “second” level, a breast-stope 
cut (Art 30) is started by slab- 
bing around a raise until both 
walls are exposed. Retreating in 
one direction from the raise, ore 


Fig 216. Underhand Stoping, Sherritt Gordon Mine, Man- "tmed m 8-ft vert slices, 

itoba. (Longit sec in plane of orebody) each slice being mined by bench- 

ing downward in successive 10-ft 


cuts until the “stope floor” below is reached. Bench next to raise includes whatever 
ore exists on hanging-wall side of raise. Drilling is with jackhammers, holes 10 ft 
deep. On fiist bench, holes are at the comers of 2-ft scpiares, close-spared to avoid 


hang-ups in the raise; otherwise, bench holes are 3 ft apait. A “goat path,” 3-4 ft 
wide, is cut into and along the footwall at top of stope for access to benches. ( 'rosvscuts to 
this path are driven from footwall drift (“second” level) to reduce traveling distance along 
the path. Ladderway and pipe lines are carried along footwall from path to bench. While 


working on benches, miners wear safety belts. Stope faces are usually carried back 50-55 ft 
from center line of raise, thus leaving rib pillars 10 -20 ft thick, depending on width of 
ore. If a lean or narrow section of ore occurs before stope face has retieatetl to the regular 
pillar location, such section is left as a pillar, and the regular pillar stoped out. After the 


benches of first lift above haulage level have retreated 30-40 ft back from center-line of 


raise, a similar stope is started at the elev of the “fiist” level. Later, a thud series of 
benches is started from a sub-level above the “first” level. Bioken ore falls through the 
open stope to the boxholes below, and is drawn off at the haulage level. All stoping is done 
on contract, rates in 1932, covering labor and explosives, were 30^ per ton on widths over 
15 ft, to 50^ per ton on widths less than 6 ft. In 1931 and first half of 1932, stoping costs 
per ton were: labor, $0,298; explosives, $0.21; drill repairs and supplies, $0,055; steel 
and sharpening, $0,067; comp air, $0,028; misc and general, $0,089; total, $0,747. 
Underground base- wage scale, per shift; motonnen, $4.25; machine-men, pipe fitters, 
trackmen, cagers, $4; helpers, loaders, muckers, nippers, $3.50. Powder cost, $9.05 per 
case 40% gelatin dynamite. 

Above method might be classed as sub-level stoping (Art 43), but underhand mining is 
the dominant feature. Differences from ordinary sub-level stoping are that sub-levels are 
much farther apart, and sub-level drifts are not driven in the ore. 
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37. UNDERGROUND GLORY-HOLE METHOD 

This method, also known as underground milling, is an adaptation of opencut meth- 
ods of same name. The top of a raise is widened in all directions, making a funnel opening 
(glory, or MILL hole), widened and deepened by underhand stoping. Face of hole usu- 
ally carried in benches, forming in plan rough concentric circles or ellipses around the 
raise (Fig 218). Slope of face must be steep enough for broken ore to slide to the raise. 

Often, before underground milling begins, sub-levels are run through the orebody to 
connect raises at vert intervals of 25-50 ft. Sperr states that, for economical work, raise 
interval on each sub-level should not exceed 25 ft. This condition can be met by inchned 
raises branching from main vert raises. Economic interval between raises and sub-levels 
depends also on hardness of ore. (Full discussion of branched-raise method in Bib 182.) 

Applicability. Method is limited to large orebodies, as masses or wide veins, with 
strong walls and ore. Glory-hole walls become inaccessible as stoping progresses, with 
great danger from falling slabs m any but strong ground. Application of method to narrow 
inclined deposits is limited to those having dips steep enough for the footwall to clear itself 
by gravity. Ore breaking and handling are cheap, high benches being carried with deep 
holes. Since no sorting is possible in stopes, orebodies must be uniform. 

Fayal mine, Minn (183). Hematite, underlying a cover of 65-90 ft glacial drift, was 
foimerly mined by underground milling in rooms 24 ft wide, 60 ft high, and up to 100 ft 
long. A drift was run under center of proposed room, with raises to top of ore about 50 ft 
apart. A wide drift was then run over top of room and timbered with saddle-back 
Stulls (Art 38) and heavy lagging, under which ore was milled into raises. Pillar widths, 
23 ft. When a room was mined out it was filled, intervening pillars being mined by top 
slicing (Art 70). Timbering backs of glory holes is rarely feasible. 

Section 21 mine, Marquette Range, Mich (153, 184). Fig 217, 218, show method 
of mining a steep-dipping lens of medium hard hematite; footwall, diorite, hanging. 



Fig 217 Glory-hole Mining, Marquette Range, Mich 

jaspilite. Shaft was m footwall. To open a level a crosscut was driven from foot to hanging; 
walls wore then followed until drifts conneete<l (see plan, Fig 217); crosscuts were diiveii 
lietween foot and hanging-wall drifts at intervals of 60 to 60 ft. Footwall raises were put 
up to level above for ventilation, when development had advanced far enough for a chute 
to be operated without mterfeiing with other work on level; other raises were as shown, 
all veit or nearly so, excepting a few’ next to hanging. Ideal cross-sec (Fig 217) shows 
stages of w’ork; on 820-ft level, development is partly completed; milling has started in 
raises above 760-ft level; between 700 and 640 ft, a more advanced stage is shown, w’ork 
on 640-ft level hiis reached final stage of removing pillars. To explain the method 4 
operating levels are shown; in practice, all stages of w^ork occur simultaneously in different 
parts of a lift. Fig 218 shows detail of milling. Breast stopes S are started near top of 
each raise, leaving a 6 to 10-ft chain pillar under level above, which supports the level 
until ore above has been removeni. Ore below breast stope is milled into raise, and 
milling continues downward to linos nbeef, whore ore will no longer slide on face of stope. 
Robbing the V-shaped pillars over level above then begins from raises r, the pillars being 
thinned down until they will just 8U])port caved material above. Ore is dumped into open 
stopes below. Holes are then drilled in remaining pillars and in level-nillars L, all being 
fired together in sections, beginning at boundary and retreating. Broken ore from pillars 
18 drawn through chutes h and e; some ore is lost by mixing w'lth w’aste, which falls when 
pillars are broken. At this min© a rigid geometrical plan could not be followed, because 
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of numerous intersecting dikes. An attempt was made to locate development raises to 
reach thickest portion of pillars on level above. This method proved economical and 
safe; no timber was required except for chutes, and ventilation was good. It is stated 
that the percentage loss of ore through contamination with waste was low. 

El Potosi mine, Chihuahua, Mex. Data from H. A. Walker (174) in 1934. Highly 
irregular lead-zinc-iron sulphide replacements in limestone have been worked to depths of 

2 800 ft. Orebodies are in 2 typical forms: chimneys, of which a large one may have 
a horiz area of 10 000 sq ft and depth of 1 000 ft or more; 
and “mantos,” long, ramifying, nearly horiz channels, 30- 
150 ft wide, 8 or 10-20 ft (rarely 60 ft) high. There are 

3 vert shafts, one for ventilation only. Level interval, 165 
ft. Fig 219 shows method of mining chimneys. A 5 by 
7-ft raise, centrally located, is driven from one level to next 
above, and near the bottom has a bulldozing chamber. 




Mining begins by breasting around the raise on upper level; benches are then started by 
drilling, with jackhammers, 2 concentric circles of down holes around top of raise. 
Holes, 6—8 ft deep, have a burden of 3 ft, and are inclined toward the raise. Explosive, 
30% gelatin. Benches usually 6 ft high and 6 ft wide. After making the initial bench, 
a grizzly, with 10-12-in openings, built across the raise, prevents boulders fiom entering 
and blocking the raise, and is a safety measure. The grizzly is moved downward for 

successive benches. It is of old rails 
supported by wooden stringers. Griz- 
zly in bulldozing chamber below is of 
crossed rails, with 10-in square open- 
ings. Access to benches is from level 
above by wire-rope ladders. Pathways 
along benches have cable handholds. 
Men are guarded from slipping down 
glory hole by ropes around their 
waists. In an unusually wide chimney 
Vert Sec an intermediate level is driven about 

Fig 220. Glory-hole String in a Thick Manto, way between main levels, and 

El Potosi Mine, Chihuahua, Mex the block between main levels is 

mined in 2 stages. A 10-15-ft shell 
of ore is always left directly above a level, whether main or intermediate, as a pro- 
tection until stope below is Gnished. 

Wide mantos are mined as shown in Fig 220. From a haulage level beneath the manto, 
raises, 150-200 ft apart, are driven to level above, or to top of the manto. Mining pro- 
cedure is same as in chimneys until ore will no longer run into raises by gravity; then 
scrapers are used, with triple-drum hoists and 15-hp elec motors (Art 91 and Sec 27). 
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Mascot mine, Mascot, Tenn. Data from H. A. Coy (176) in 1930. Veinleta and seams 
of sphalerite occur in dolomitic limestone beds dipping 18°-22°. Thickness of ore varies 
to max of about 100 ft. The strong dolomite hanging wall will stand indefinitely over 
unsupported widths of 100 ft; mineralized dolomite does not stand well without support. 



A vert shaft is started in hanging wall. From a mam haulage level, at depth of 620 ft, 
2 inclines extend up and down the dip, and from these, woiking levels are driven in ore at 
varying intervals (Fig 221). From some of the levels, crosscuts into the footwall allow 
the mineralized beds to be attacked from below through 6 by 6-ft vert chute raises A, 


Fig 221. Part of Mascot Mine, Mascot, Tenn (175) 
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which are later roamed to 10 by 10 ft. In such case, mining is by glory-holing; where 
development within the footwall is not warranted, ore is mined by breast and bench 
(Art 31), shoveling or scraping of ore being necessary. In either case, a raise is driven to 
top of ore and a heading, about 8 ft high, is advanced under the roof. Ore below is mined 
in benches 4 ft wide by 10 ft high, drilled with single row of vert holes and blasted with 30% 
gelatin dynamite. Ore broken in glory-holing falls through chute raises into cars in 
haulageways. Breast and bench stopes start as glory holes and so continue until ore will 
no longer run to raises by gravity; then scraping begins and in this sense only does the 
method change from ordinary glory-holing. Pillars are of varying size and spaced at 
irregular intervals, depending on ground conditions. On basis of 528 626 tons produced 
in 10 mo of 1929, output aveiaged 10.83 tons per man-shift (9-hr) of underground labor. 
Explosive used, 0.502 lb per ton. 

Granby Consol Co, Phoenix, B C. A novel and modified glory-hole method is described 
by R. Dunn and L. R. Clapp in 1923 and 1924 (185). Spiral raises, started from top of a 
chute raise, are carried up on grade flat enough to permit men to walk up. Diam of spiral 
is increased as raises advance, the interior cone being mined as they are driven. Result 
is a funnel opening above each chute raise, extending to top of ore. Spiral raise with inner 
side open climbs sides of funnel, and is connected at extremities of its swings with manway 
raises in pillars at each end of stope. If necessary, more than one spiral raise is driven in a 
stope. Subsequent work consists in widening the spiral and breaking down the benches 
between its turns. All ore falls to central opening, which is drawn empty daily, the long 
fall into empty glory hole tending to break up slabs. Where required to support heavy 
ground, a rib of the spiral is left as a strut across stope, being drilled before passing it and 
later blasted. L. R. Clapp points out advantages of method over ordinary glory-hole 
work: men always work close under back; access to working place is easy and safe; 
method is flexible, since lean ore or dikes can usually be left as luUars and taken down later, 
and work can readily be changed to any part of stope to adjust type of ore mined to 
smelter demands. Chute raises are equipped with bulldozing chambers. Ore is very 
hard and breaks in slabs; cost of blockholing is almost as great as primary blasting. Out- 
put per miner-shift vanes from 20 tons in newly opened stope raises to 150 tons in older 
stopes. For later modifications of this method, see Bib (596). 


38. OPEN OVERHAND STOPES, NARROW VEINS 

General plans of mining are shown in Fig 222 to 225. Overhand stopes are practically 
inverted underhand stopes (Art 35), miners working upward underneath the ore to bo 
broken. Details vary with modes of breaking ground, handling ore, and supporting walls 





_^3rd ^ 

^2nd back-Btope^'^ 
baok-stope^vjr^'^ 

Cutting-out etof-' 



CROSS-SEC A B (a) Stogie «tope 

SECTIONS IN PLANE OF VEIN 
Fig 222 Open Overhand Stopes 



and men; dip of vein and distribution of ore are the principal factors causing variations. 
Open stopes are limited in general to deposits having strong walls and ore strong enough 
to stand unsupported over back of stope. Stopes are preferably started from bottom of a 
raise, successive horiz slices being taken (Fig 222). First slice, directly over level, is the 
CUTTING-OUT STOPE; succeeding slices are l.st, 2nd, 3rd, etc, back-stopes. Stopes may bo 
SINGLE (o), or DOUBLE STOPES (5) (Fig 222). Terms toe and heel sometimes designate 
bottom and top comers of stope face. The drift and cutting-out stope may bo excavated 
together making a drift stope (Art 41). Rill stopes have a longit sec like an inverted V 
(h, Fig 222) ; inclined faces may be produced by keeping the faces of successive back- 
stopes close together, or by using inclined slices (Fig 223). Stoping with inclined slices is 
more useful in filled than in open stopes. In flat-back stopes (horiz or longwall stopes), 
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the face is advanced in a general line parallel to the level, by keeping faces of successive 
back-stopes far apart (P'ig 224). Many combinations between nil and flat-back stopes are 
found. The number of back-stopes advanced simultaneously determines number of points 
of attack, and this, in combination with width of vein, determines daily output obtainable 
from a stope. If back-stopes are too close together, miners working on adjacent faces inter- 
fere with each other. General term btepped-face overhand stope denotes stopes like 

Fig 222, or intermediate forms between this and 
Fig 224. All these terms describe overhand stopes 
of same form in wide orebodies. 

Local conditions may require stopes to be opened 
in the back of a drift without first driving a raise, 
as in mining portion WV of vein in Fig 207, or in 
case of small irregular oreshoots with problematical 



Fig 223. Inclined Slice (Sec in 
plane of vein) 



Fig 224 Flat-back Stope 
(Sec m plane of vein) 


extent above the level. Raises insure natural ventilation, furnish points of attack for 
starting .stopes, and provide entry and facilities for lowering timber, etc, into the stope. 

Development. Fig 107 shows typical development in a vein, providing requisite 
openings for overhand sloping. 

Breaking ground (see Art 26 to 28). 

Support and protection of levels. Broken ore from an open overhand stope slides or 
falls to level below; hence a bairier is necessary between level and stope to protect men 
and keep broken oie off haulage tracks. Protecting the hack of level also allows broken 
ore to be loaded through chutes (Art 90) and avoids shoveling. Practice varies with dip 




and width of deposit, character of walls, and local custom. Stulla usually protect back 
of level in nun ow veins having walls stioiig enough to support them; P"ig 225 shows com- 
mon arrangement; a cutting-out stope is taken before the stulls are placed; distance 
between stulls and hack of cutting-out stope, 7 to 10 ft. 

Stulls are of round timlicrs, diam, 8 to 24 in or more; usual spacing, 3 to 5 ft, rarely 
exceeding 0 ft, occasionally, they are close together (Quincy mine. Art 41). Lagging 
poles, 4 to 6-in diam, or slabs or planks (see Tinil>ering drifts. Art 21) are laid on the stulls. 
In open slopes, a 3 to 4-ft layer of broken ore is left on lagging to protect it from blasts and 
falling ore; this is removed when stope is finished. A pocket called a hitch is cut in 
footwall with a moil or pluggcr-drill to receive foot of stull, which is flattened as at A, 
Fig 226, to prevent it from rolling. Hitch may be only I or 2 in deep in strong rock; a 
weak f(X)twall may require hitches 6 or 8 in deep or more; loose ground must be removed 
before cutting hitch. Head of stull is sejuare and to distribute pressure rests against 
HEADBOARD B (sometimcs called a cap) of 2 to 4-in plank; where necessary, wedges 
are used between headboard and hanging. Headboards and blocking are compressed by 
initial creep of ground and protect stull from splitting. Stulls are set at a steeper angle 
than the nonnal to the hanging wall. In Fig 226, line cd is normal to hanging wall; angle 
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deb is ANGLE OP UNDBBLiB. Setting of stuUs varies. W. E. Sanders states angle of underlie 
should be about 0.25 X angle of dip of vein (186) ; T. Johnson favors a max underlie of 10® 
for dips of 60° or over, and a ratio of about i/g between angle of underlie and angle of dip 
on flatter dips (187) ; usual practice in U S is between these limits. Object of setting 
stuUs with an underlie is to prevent their falling under weight of ore or waste, and to 
cause them to tighten under small settlement of hanging wall. Foregoing detail applies 
to placing stulls in both overhand and underhand stopes, as well as to stulls over levels. 
If footwall is weak a false stull may be set underneath main stull (Fig 227). In steep- 
dipping or vertical veins with poor walls, stulls over levels may be reinforced. Fig 228 (186). 

Max economic length of stulls, placed as in Fig 226, is 12-20 ft, depending on timber 
supply, facilities and room for handling timber underground, lateral pressure from walls, 
and relative cost of alternative methods. Usual max width of vein in which single stulls 
are used to protect levels (also for supporting slabs and men in open stopes) is about 15 ft. 
Saddle-back stulls (Fig 229) may bo used in veins up to about 25 ft wide. They lack 
lateral rigidity, and are apt to fail by buckling sidewise; they will support vertical wt of 
broken ore or waste, but do not resist wall pressure, joint at apex must be carefully framed 
and fitted. They have a limited application, and many engineers object to them under 
any conditions. 

Advantage of stull timbering for levels is that the stope from below can be readily 
broken through to level above, and without disturbing the waste and debris which accumu- 
late on stulls under exhausted stopes. 




Fig 229 Saddle- 
back Stull 


Stulls and posts may be used in steep-dipping veins, 12 to 20 ft wide, with weak w'alls. 
The stull is set with a flat underlie (geneially in hitches), with posts under both ends, and 
at intermediate points if lequired. 

Drift sets (Art 20) are common for protecting backs of levels under stopes in narrow 
veins with weak walls; like stulls, they are placed and lagged after the cutting-out stope 
is broken. Half-sets are used where one wall is weak; three-quarter sets, where 
both are weak. 

Pillars of ore (level-pillars) may be left over level at bottom of overhand stopes; Fig 
230. In this case, stopes are opened from a sub-level (stope-dnft) A, and connected with 
it by short raises B, in which chutes are built; wedge-shaped piles of ore, collecting between 
chutes on top of level pillars, are cleaned off by shoveling when stope is finished. Pillars 
may sometimes be recovered prior to abandonment of level. In open stopes, choice usu- 
ally depends on comparative cost of timbering, extra cost of the sub-level, and net value 
of ore left in pillars (20). 

Packwalls may be built above level on flat dips and holes left in them at intervals 
for chutes (for detail, see below under Support of walls). Need for protecting the level 
diminishes as dip of vein decreases; no protection is necessary where dip is less than 20°; 
for varying practice on dips of 30® to 40®, see Art 39 to 41. 

Support of level above stope. Pillars of ore are left where it is necessary to keep 
the upper level open (Fig 252). Such pillars may be also required to support walls. 
See below and also Mohawk mine. Art 41. 

Support of men. On dips less than about 40®, men can stand on and work from foot- 
wall, no provision for their support being necessary; on steeper dips, timber staging is 
required. Stulls in rows 6 to 12 ft apart vertically are used in veins where width does not 
exceed max economic stull length; interval between stulls is 4 to 6 ft (Fig 231) ; men stand 
on temporary platforms of plank, slabs or lagging laid on stulls; temporary stulls may be 
put wherever required to keep miners up to the face. Stopes thus timbered are stullbd 
BTOPBS (for examples, see Art 39). Square-sets and other timbering are used in open 
stopes in steep-dipping veins, too wide for stulls (Art 45 to 54). 
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Support of walls in individual stopes, in veins worked by open overhand stope metiiods, 
is limited by definition of open stope to timbering, pillars of ore or waste, and artificial 
pillars. Stulls are commonest timber support in narrow veins (see above, under Protection 
of levels, for economic limits of length). When placed as in Fig 231, they support loose 
slabs. Stulls do not adequately support very shelly walls, or those which slough off on 
exposure to air; for such cases square-sets or other timber (Art 45 et scq), with lagging 
along walls, may be employed. Open stopes are not adapted to veins with weak walls; 
filling systems (Art 59 to 66) usually preferable. Timbering m general is to support slabs 
or to hold walls temporarily until the stope can be abandoned and allowed to cave; it 
will not permanently support the weight of rock overlying a deposit. For examples of 
stulled stopes, see Art 39. 

Artificial pillars. Usually, in narrow veins, waste is piled on stulls (Fig 210). Fig 232 
shows an overhand stope thus supported. H, C, Hoover states (20) ; “ This system 



implies a strong roof which does not demand continuous support, it effects economy 
in stulls by using waste which accumulates underground; artificial pillars also apply to 
cases w here stulls alone arc not sufficient support, and yet whore complete filling or square- 
setting is unnecessary; under propitious conditions they have the comparative advantage 
over timber systems of saving timber and over filling systems of sa\nng imported filling.” 
Invertcnl V shape of pillars (Fig 232) allows broken ore to slide to the level without espe- 
cially built passes, when this sj'stem is employed, more special staging must be provided 
for miners than in square-set or filling systems. 

Cribs or cogs aie used for loof siqiport iii flat deposits; examples. Art 33. They are 
adapted to temporary support, prior to abandoning a stope or filling it with w’aste. For 
siiiiilar use of cunorkik see Fig 181, 19S, and text. 



Parkw'nlls (Fik 233) are sometimes built on the upper side of levels in veins dipping 30® or less, 
to protect them and to support the hanging wall when ore is completely removed; they may also 
be employed as artificial pillars in stopes. T. Johnson (187) comments on Rand practice as follows: 
pack walls should be built nearly at right angles to plane of deposit, and not with vertical end walls, 
which may fail by slumping “ upbrow ” (up the dip); in long packs, nuddle portions of walls bulge 
and eventually fail. 8tulls are placed as xn Fig 233, with or without lagging to steady the walhng 
until weight comes on, small timbers serve this purpose. Small waste should be thrown in while 
walls are being built, to form bedding for largo boulders and give solidity. It is advisable to bind 
walls to inside of pack with pieces of old pipe, rails, rope or boards, particularly at corners. For 
wire-bound packs on Rand, see Art 33. 

Pillars of ore may be left in an overhand stope, w'here the hanging wall will stand unsupported 
between them, and where net value of ore in pillan will not pay for alternative modes of support. 
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Low-grade or waste portions of an ore-shoot are usually left as pillars; temporary pillars of ore (as 
level-pillars) are common, use of pillars for permanent support is confined to low-grade orebodies, 
usually to extensive deposits lying on flat dips For examples see Art 40, 41. 

Control of hanging wall over entire mine, m veins worked by open overhand stopmg 
(a) In veins where ore is in shoots, the barren areas often servo as pillars, support in 
individual stopes is obtainable by one of the above methods, depending on size of stopo 
and character of walls, and stopes will remain open indefinitely or cave after they have 
been abandoned For permanent support to protect shafts, surface buildings, etc, 
exhausted stopes may be filled (b) Where ore is continuous over long distances, the 
hanging wall may be supported on permanent pillars of ore Flat-dipping, low-grade 
amygdaloid copper deposits (Mich) furnish an example of this practice (Art 41) (c) In 

continuous orebodies, stopmg on each level may be carried to property line or to limit of 
ore, leaving temporary pillars, often of large size, to support roof As much as possible 
of the pillar ore is then mined, retreating from boundary toward shaft, and the hanging wall 
caves over robbed areas (see Clinton iron ores, Art 40) (d) In continuous orebodies of 

good grade, or at great depth causing heavy pressures, levels may be driven to boundaries 
before stopes are begun above them Ore is stoped in blocks, starting at boundary, each 
being mined before work begins in next one toward the shaft Size of block is adjusted to 
pressure, kind of roof, and speed of work, so that the stope can be kept open with timber 
until finished, the hanging wall is then allowed to cave and work repeated in adjacent 
block (see Calumet & Hecla, Art 39) The foregoing remarks apply to open stopes, for 
support of walls by filling, see Filled stopes. Art 69-66 

Handling ore. In steep-dipping veins, ore broken in open overhand stopes goes 
by gravity to level below Loading chutes are built m opemngs m level timbering or 




pillars at intervals of 15 to 30 ft (for details, see Art 90) Minimum angle on which ore 
will slide depends on character of ore and footwall, soft ores often slide less easily than 
hard (see Birmingham, Ala, Art 40) Angle of friction varies with ore, an irregular foot- 
wall causes ore to hang, minimum angle, usually about 40°, varying from 35° to 45° 
In open, overhand work, no ore is stored m the stope except the small amount left on 
level-pillars or to protect level timbenng Wing btllls (Fig 234) (winged stulls or wing 
chutes) are sometimes used to facilitate handling ore in steep-dipping veins, where all the 
vein matter is sent to surface They permit wider chute spacing and eliminate shoveling 
into chutes ore that otherwise forms cones or pyramids between chutes 

On dips between 35° and 40°, movement of ore from stope face to level must generally be aided 
by shoveling In some districts no level timbering is used on these dips The ore runs into the 
level and is shoveled into cars, or slides onto platforms at foot of stope, high enough for ore to be 
shoved off into cars or shoveled with a low lift (see Mich copper mines, Art 30 and il) In West 
Australia, levels are timbered on flat dips, as m Fig 235, drifts being far enough m the footwall to 
give room for cars below hp of chute, this kind of timbering is used in filled stopes also (83) In 
flat deposits (less than 35°), scrapers and other mechanical devices are used to reduce shoveling and 
cheapen stope transport (see Art 91 , also Sec 27) 

Handling waste. Sole means of storing waste sorted from ore in open overhand stopes 
on steep dips is by pilmg it on stuUs (Fig 232) Since this provides limited storage, these 
stopes are not suited to ores containing much waste which it is desired to soi t out under- 
ground In flat stopes, some waste may be utilized for packwalls or filling cribs, or it 
may be left on floor m middle of stope, but the cost of shoveling much waste to this point 
IS usually prohibitive, and if it is left promiscuously on stope floor it interferes with trans- 
piort to the level and is mixed again with ore. 
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39. EXAMPLES OF PRACTICE, OPEN OVERHAND STORES (StuUed) 

Cripple Creek, Colo. During days of great activity in this district, open overhand 
etoping with stulls was widely practiced. Veins mined with stulled slopes were narrow 
and nearly vertical, with sound walls of andesite, tuff, breccia, etc, and strong, often high- 
grade ore, in irregular shoots. Wolcott gave following data in 1908 (142). Fig 236 shows 
method of sloping and timbering in veins up to 8 or 10 ft wide, where back-slopes were 
broken with uppers. A flat-back slope was carried, with stulls 5 to 7 ft below back, and 
enough lagging on top row for a working platform. 

Formerly (1906) 2.25-in piston-dnlls were used and height of slice taken in one back-stope was 
4 ft. Permanent stulls were say 7 to 8 ft apart vert and 5 to 7 ft horiz, 2 slices were taken across a 
stope before setting second row of stulls. Part of the broken ore was left on lagging, or temporary 
stulls (sprags) were put in to keep men up to the back while mining the second slice. In later 
practice, stope-drills were used, making deeper holes, 
and 6 to 8-ft slices were broken in one operation. 

Manways M were often formed at ends of stope by 
lagging a vert row of stulls. 


Fig 236 Fig 237 

Portland mine (in 1907). Some slopes \%ere earned, as in Fig 237, with stulls 4 or 5 ft below 
back of stope. Small piston-dnlls were mounted on a bar at A, in btoi>es less than 8 ft wide, or 
in wider stopes on a column set between the back and a muck pile on lagging. Stulls were spaced 
6 ft hori* and 7 or 8 ft vert, with lagging poles, 6 3 ft long, as shown. The lagging supported broken 
ore, provided a place for machine men to stand without staging, and prevented large pieces from 
fulling and injuring stulls below A flat-back stope was carried in S-ft slices As face advanced, 
lagging at the rear was removed and muck dropped down, large boulders being broken before they 
were allowed to fall. Lagging was reused on higher rows of stulls (B, Fig 237). 

Wright-Hargreaves mine, Ontario. Data from L. B. Smith (176) in 1934, Gold ore 
oceura in fi.s{3ure veins m porphyiy. Metallic minerals are chiefly pyrite, telhnides, 
chalcopyiite, free gold, and molybdenite. Veins range in width to 15-lS ft, but are 
usually narrow'er. Throe main veins, (a) “ North ” vein is a well defined fiacture, bor- 
deiod by breeeiated poiphyry whieh is penetrated by quartz vemlets; walls are indefinite 
and detei mined by value.s, close sampling being neeessaiy, dip, nearly vert; {h) “ South " 
vein IS of crushed and silicified iiorphyry, penetrated by stringers and bunches of quartz; 
usually thoie aie 2 smooth, well defined walls which are w’eak and shatter easily, dip, 
nearly veit, (c) “ Iiielmed ” vein is a narrow quartz band accompanying a caleite-fiUed 




IjCVcI 



ALin w ;ij’s 

Fig 238. Open Overhand Stope, Wright-Hargreaves Mine Ont. (Longit sec in plane of vein) 


fracture, walls, highly altered porphyry and hanging wall is very weak. Development. 
Level interval, 150 ft, with drifts in ore. Stopinu methods. Shrinkage sloping (Art 68) 
is used in some cases where ore is over 6 ft wide and walls are good. Filled nil stopes 
(Art 65) are used in some parts. Open sloping wdth square-sets (Art 46) is used where ore 
is over 10 ft wide and walls are bad. Open sloping wdth stulls is commonest method and 
is suitable for widths to 10 ft, where walls are too weak for shrinkage sloping, but not 
weak enough to warrant square-setting; advantages, flexibility, continuity of operation, 
and safety to men. Open stopinq with »tullb (Fig 238). Back of drift is first raised 
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to height of 15-16 ft above rail Stulls are then placed over the dnft at 6-ft centers 
except for chute sets, which are at 5-ft centers Stulled manways are carried up 90-100 ft 
apart Stope breasts are 8 ft high, usually 3 are advanced simultaneously in a given 
section, and lagged-stull floors are placed under each 24-ft cut Chutes are raised by 
carrying two lines of stulls 8 ft apart vert, lined with 8-ft halt-round timber Mat of 
broken ore on floors prevents timber breakage and affords footing for miners As the 
cuts advance, ore is drawn through chutes as in shrinkage mining As rock is drawn, 
loose walls are stulled Stoping routine eventually consists of advancing mining, followed 
by drawing of ore and mucking, muckers are followed by timbermen, who set stulls, raise, 
chutes, and place floor stulls and lagging Flooring is of 6 to 8-in round timber, spht down 
center and laid alternately round and flat side up When stopes reach height of 40 ft, 
tugger hoists are used to hoist timber up manways 

Liberty Bell mine, Telluride, Colo (131) Quartz vein, aver width, 4 3 ft, aver dip, 
67°, wall rocks, andesite, tuff and breccia, pay ore occurred in shoots of variable size 


Much mimng was done m stulled overhand stopes, stoping practice and details varying 
with dip and strength of hanging wall C A Chase gave following data m 1911 Ore 
was broken with vertical or highly pitched holes, drilled with stope-drills or hand augers, 
miners working on a partial floor near back of stope Wmg stulls (Art 36) deflected broken 
ore to chutes at 25 to 35-ft intervals Stulls, 8-in diam up, were placed 5 ft apart in floors 
7 ft apart. Working floor was chiefly of 6-in round timber, stoping floors, of roimd or 
split lagging, 10 5 ft long 

Tonopah Mimng Co, Nev Much mining in early history of the camp was done m 
stulled stopes Ore occurs m quartz veins carrying gold and silver Fig 239 is a cross- 
sec, showing method used in upper part of Mizpah vein, wudth, 5-30 ft, dip, about 70°, 
wall rock is dry andesite, which will stand for a long time Ore as 



broken averaged $15-$25 per ton, no sorting done under ground 
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Fig 240 Handling Ore m North Star Mine, Calif (578) 


Entry was by vert shaft, level interval, 100 ft I’lrst row of stulls was lion/, 8 or 9 ft 
above level, and supported by 2 or more posts on sills wedged between walls on floor of 
drift. Succeeding rows were set as usual at vertical intervals of 6 to 15 ft Plank lagging 
was used for platforms and to protect stulls at level, wing stulls (Art 36) were often 
employed Stulls were 8 in or less in diam, braced in wider parts of the vein by struts to 
stulls above and below (Fig 239) When a stope broke through to level above, the sills 
there were blocked up from the stulls below 

North Star mine. Grass Valley, Calif Data from J A Fulton and A B Footo 
m 1926 (578), Gold quartz veins, 1 in to 6 ft thick and averaging 16 in, occur m hard 
granodiorite Portions of vein as narrow as 4 m are sometimes mined, aver stoping width, 
42 m Dip 18 flat, averaging 26°. 


Mam levels, 5 by 7 ft, are run on vein at 300-ft intervals Stopes are carried up overhand, 
with Stull support as shown m Fig 240 Sub-level tracks are laid at 60-ft intervals for scraping and 
30-ft for shoveling, being moved up as stope face recedes Broken ore is shoveled or scraped into 
cars of 1 500-lb capac on the sub-levels, and handled to mam level by a go-devil plane (Art 91) 
About half the waste broken is sorted out m stopes Stulls are used for temporary support and 
to keep blasted ore from being blown down stope Production is 0 95 ton per miner-hr and 0 9 ton 
per shoveler-hr, which includes stowing waste, or 0 47 ton per man-hr m stope, ore recovery, 
probably over 90% Footwall is swept with brooms before stope is abandoned. 
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Calumet & Hecla mine, Mich (67, 482, 489) Following paragraphs describe practice 
on. the Calumet conglomerate lode, which has been worked about 2 miles along strike 
and to depth of over 8 000 ft down dip Recent annual reports indicate that work in 
deeper parts of mine has been stopped and recent work confined to extraction of pillars, 
retreating toward the surface For practice in amygdaloid lodes, see Art 41 

Physical characteristics of ore and wall rocks Calumet conglomerate lode is 12-20 ft 
thick and dips 36°-38° Lode consists of pebbles of felsite and quartz porphyry, cemented 
by a mixture of rock and native copper Tenor of ore mined is about 2% copper Ore is 
tough and abrasive Hanging wall is shelly diabase Footwall is a fragmental amygda- 
loidal layer of diabase, relatively weak and with tendency to burst upward into openings 
when subjected to concentrated pressure, as from caving hanging wall This condition 
was an important factor m selecting a retreating system of mining 

General plan of mimng in the conglomerate bed differs from amygdaloid practice 
(Art 41), because of the weak hanging wall and great depth of mine, a retreating system is 
required by these conditions and also by high temperatures at depth, which necessitate 
good ventilation at working face, in advancing systems, much of the air current is apt to 
short-circuit through old stopes close to shaft Stopmg is begun either at the boundary or 
midway between adjacent shafts, retreating toward shaft, small blocks are stoped rapidly, 
held open temporarily by stuUs and then allowed to cave, the only pillars left are the 



shaft pillars, extending 100 ft along strike on each side of shaft, these are robbed after 
hanging wall has settled around them, l^eginning at bottom and retreating up the dip 

Development Thtue are numerous inclined shafts in the lode and several vert shafts 
whi( h cut thiough lode at depth Level interval is about 100 ft, higher stopes can not be 
worked out quickly enough to allow control of hanging wall in lower portions of stopes 
Drifts aie S by 8 ft, and follow the footwall to take advantage of better ground and a well 
marked slip, double-track drifts m Red Jacket w’^orkmgs are 7 by 11 ft, drift-stopes 
(Alt 41), where tiled, have piovcd difficult and costly to maintain A 7 by 7-ft raise is 
put up between levels at boundary or in the end stope on the level, for ventilation and to 
furnish points of attack for stopmg, as stopmg progresses there is enough open space 
between solid and caved ground for these purposes 

Stopmg Data from Henry Vivian, Ch Engineer (189) in 1931 Successive overhand 
baolv-stopes are about 6 ft high Hanging wall supported bv stulls during aotiv'e life of 
stope, hut caves later Length of stope standarclized at 100 ft, height limited to 100 ft 
These dimensions permit mining entire stope Ijefore caving starts An advancing system 
was used to depth of 0 (M)0 ft, leaving floor pillars 8-15 ft thick undei each level, these 
wore later crushed by the caving of mined-out areas above and below, but w^eie recovered 
profitably Since 1909, and l>clow 6 (KK) ft, a retreating system has been used exclusively, 
no floor pillars are left, so that all the lode material is mined 

Details. Length of block stopod m on© operation depends on speed of work and length 
of time that hanging wall can be held with timl^er, therefore on thickness of ore and 
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‘‘4. to 5«6 Flats to cover 
-6 Flat timber 3w lonpr 
baa many as atuddle will hold 


character of roof. Lbnoth of stopes has been consistentJy shortened as depth increased 
At first, Stulls were used entirely for timbering stopes; later, due to increase in lode thick 
ness, square-set timbering (Art 46) was standard and stopes were 200 ft long. Belov 
5 500 ft on dip, the lode was generally less than 20 ft thick and stuUs were again used 
length of stope then being reduced to 100 ft. Spacing of stulls in lower part of stope 
has become standardized, but spacing in upper part depends on foreman’s judgment 

Present practice (1931) calls for 4 
rows of 18“-24-in stulls, set in pairf 
S-e^Flats to cover with about 7-ft clear space betweer 

Flat timber 3VL lon^ timbers in horiz rows and about 9 f1 

0^8 many aa atuddle will hold u x j j j* 

Odd stope c-c between rows measured down dip 

teries ”) cover about 40% of heighi 
entire stope. Above this height 
stulls are placed singly, with a variable 
Hanging increase in spacing, depending on ap* 

/ Drift pearance and behavior of hanging wall 

20-25 ft of the stope may need 
timber. Experience shows that a 
stope should be completed in approx 
pioorareKdrmed,.nd->^«|i) 100 days. Drillino is by mounted 

blasted as top machine in ^ drifters, usually 3 machines, some- 

stope below advances / times 4, in a stope ; slices are about 

6 ft high. Depth and spacing of 
holes are left to judgment of miner, 
Fig 242 Section showing Removal of Floor Arch, ^^t, for a 12-ft width of ore, an aver 

Conglomerate Lode, Calumet, J^Iich (489) round for a slice consists of 4 rows of 

8 to 9-ft honz holes, 3 holes per row, 
with burden of 2.5-3 ft. Procedure. First or “ cutting out ” slice starts at end nearest 
shaft and advances toward previously completed stope, which is usually well caved when 
first slice reaches it. Successive slices then extend from the caved stope toward the shaft, 
thus avoiding raise rounds to start each slice, and also the dangerous projection which 


Hanging 
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Fig 242 Section showing Removal of Floor Arch, 
Conglomerate Lode, Calumet, J^Iich (489) 
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Fig 243. Retreating Sloping System, Conglomerate Lode, Calumet, Mich, (x indicates positioi 

of drills) 


would exist at the caved end if a slice were approaching it. Just before completing a stop< 
to the level above, a row of doubled 2-ft or larger stulls (“ breaker row ” Fig 241) n 
placed 3 ft back from the face of solid ore in the block next to be stoped; jiairs of stulh 
are spaced 3 ft apart on the dip. This maintains a safe space from which the successive 
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back-stopes can be started. ,As the top slice of each stope is cut, the floor arch of level 
above is drilled, but actual breaking of the arch is deferred until slice has advanced enough 
to leave a short length of protecting arch above the driller (Fig 241, 242). Last timbering 
in stope is to place heavy lagging along upper side of the lowest row of stulls; this facili- 
tates recovery of floor arch from below. A complete mining operation on either side of a 
shaft is a series of 4 retreating slopes on 4 successive levels, the top stope leading the next 
below by approx 150 ft, and so on down (Fig 243). No attempt is made to hasten caving 
of hanging wall in slopes by removing timbers. Regulation of time of caving, if necessary, 
is by increasing or decreasing number of stulls placed during active sloping. Handling 
STOPED ORE. Tendency is for ore to break into slabs, so that, in spite of the relatively 
flat dip, most of the broken ore runs to drift below. For retreating slopes, chutes are 
rarely built, the ore being scraped from the floor up a portable scraper incline high enough 
for cars to run underneath. About 15% of the ore from upper faces is scraped down to 
level by same scraper used to fill cars. Mine cars are of 3.75-ton capac and are end-dump; 
gage, 4 ft. Haulage is by storage-battery loco. Duty of labor. In 1930, production 
by above method was 6.33 tons per man-shift charged to sloping; for all underground 
labor, 3.06 tons per man-shift. 

40* EXAMPLES OF PRACTICE, OPEN OVERHAND STOPES 

(Support by Pillars of Ore) 

Edwards mine, St Lawrence County, N Y. Data from J. B. Knaebel (253) in 1932. Lenticular 
masbes of zinc ore (pyrite and marmatite), aver about 17% Zn, occur as replacements in silicified 
dolomite. Lenses are 5-25 ft thick, 100-200 ft long on the strike, and may extend down dip to vert 
depth of 1 700 ft. Aver dip, 40°-45°, with local variations from 0 to 90® Ore drills easily, but is 



Fig 244 Breaking and Handling Ore in Open Stopes, Edwards Mine, St Lawrence Co, N Y (253) 

tough and difficult to break. Both walls generally strong, but sometimes slab badly. Large 
horses of waste are infrequent; sorting m stopes has not been feasible. Development. Mam 
shaft is vert, in hanging wall to 1 100 ft; thereafter in footwall. Level interval was at first 100 ft; 
now (1932), 200 ft. Lateral development is by drifts, crosscuts, and raises, irregularly spaced 
according to lequirements of stoping and ventilation. Stopinq Formerly some shrinkage stoping 
was done, but with flattening of dip in depth, reworking of old stopes, and for flexibility, open stopes 
with pillars superseded old methods. Stoping is overhand or underhand, or a combination. 
Overhand stoping. Chute raises R (Fig 244) are driven up dip on footwall, 30-40 ft apart, to 
height of 15-30 ft above drift, raises are connected at top and then belled to funnel shape. Fig 244 
shows methods of advancing faces and of placing holes. Thicker parts of deposit are mined in 
2 parts: first an overhand stope at least 6 ft high is driven under the hanging wall, later the bottom 
is taken out in benches; this work resembles breast and bench stoping (Art 30). Drilling is chiefly 
by mounted wet jackhammers, occasionally with stopers for cutting around pillars on steep dips. 
Rounds m overhand stoping, as at A (Fig 244), are of 9 8-ft holes. Pillars are left in lean or barren 
material where possible, their size and spacing depending chiefly on extent to which hanging is 
fissured or seamed; usually spans of 40 ft or more will stand during life of stope. Pillars are oval 
in outline, not more than 25 ft long; long dimension parallel to dip. Vert holes take up the 
bottom. Handling broken orb. Where dips exceed 42®, ore runs to chutes with a little hand- 
shoveling. In stopes flatter than 42®, meohanicel scrapers have lowered costs. Duty of labor. 
During 1930, output per man-shift of all underground labor and surface labor chargeable to under^ 
ground operations was 5.06 tons. 
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Golden Messenger mine, York, Mont. Data from S. H. Lorain (69) in 1937. Gold-bearing 
veins are quartz and sulphide replacements along fractures in diorite; the gold associated chiefly 
with pyrite, sometimes galena and sphalerite. Values are generally uniform, with some enriched 
pockets. Usual width of workable lode, 4-10 ft. Dips vary from 30® to 60°; usually about 40°. 
Veins are cut by numerous post-mineral faults, mostly of small displacement. Ground drills and 
breaks easily. Hanging wall is blocky, reqmring occasional support. Development is by 2 tun- 
nels (haulage levels), 150 ft apart vert, from which the orebodies are reached by raises and sub- 
levels. Extraction drifts are driven in the veins. Stoping. Mam output has come from over- 
hand sloping; a novel imderhand method has also been used (Art 35). For overhand stoping, 
chutes (C, Fig 245) are installed along the diift under the slope, 15-30 ft apart, depending on looa- 



Fig 245. Overhand Stoping Method, Golden Messenger Mine, York, Mont (69) 

tion of faults and dip of vein; closer spacing used on the flatter dips. Pillars are left over the drifts, 
between the chutes. Chutes at intervals of 60-75 ft are equipped with scraper hoists. Drilling in 
slopes is by jackhammers or stopers. Where vein is over 6 ft wide, a cut is first taken next to 
hanging wall, and ore in the bottom is mined later by bench B Elongated pillars along fault lines 
divide slopes into segments, slightly offset above or below each other by faulting (Fig 245). These 
pillars are holed through only when necessary for scraping. Within the sections between faults, 
hanging wall is supported by ore pillars about 10 ft diam, and 15 ft apart. It is planned ultimately 
to recover much of these pillars. 

Clinton iron-ore mines, Ala. T. C. DeSollar (177) describes mining of upper bench 
of the Big Seam in Woodward Iron Co’s mines, Bessemer, Ala, in 1933. Entry is by 
slopes, following the ore. At No 3 mine (Fig 246) the “ top ” slope met a fault at 3 636 ft 



Fig 246. Sec through Slope of No 3 Mine, Woodward Iron Co, Bessemer, Ala 

along the incline, requiring a second or “ bottom ” slope, the two being connected by a 
2 300-ton storage pocket. “ Top ” slope has 20 by 10-ft cross-sec, and hoisting is done in 
balance with 2 10-ton self-dumping skips. Ore is handled on “ bottom ” slope in 2. 25- ton 
wooden or 5-ton steel cars, hauled by elec hoist; a rotary car dump is installed above the 
storage pocket. Drifts from slopes are 9 ft wide, if broken ore is loaded by hand, or 12 ft 
wide, if mechanical (ramp and scraper) loading is employed; they are driven rapidly to 
property lines, and opening of rooms, starting 25 ft inside of line, retreats towards main 
slope. Room necks, 12 ft wide and 75 ft apart, are driven 25 ft up the dip, and an all-steel 
ramp, mainly of 16-ft lengths of 12-in, 25-lb channel-iron, is installed at each one (see 
Sec 27). A double-drum, 55-hp hoist, mounted on a self-propelling tnick on track parallel 
with haulage track, and operating a 3 lOO-lb box-type scraper, servos 3-5 slopes on a 
level. Inside the neck, a room is widened to 30 ft and carried up to next level, usually 
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220 ft, occasionally 300 ft. A slab 10 ft wide is then taken from each side, making rooms 
60 ft and pillars 25 ft wide. When a group of stopes is finished, a slab is taken from side 
of drift, from which track and pipes are removed. Recovery from first mining is about 
65% ; further recovery of 10% is expected from splitting of pillars. Ore drills and breaks 
easily. With drill on tripod, 2 men make 14-18 holes, finishing at 2-in diam and 8 ft deep, 
per shift; a blast breaks 100-125 tons. Two or 3 drills work at once in a stope, accumu- 
lating broken ore in 2 stopes while a third one is being scraped and 2 others started. 
This permits the hoist to work for several days from same position; scraper is not removed 
from stope until completed. Full stope crew includes 4-6 drill men, 1 hoist engr, 1 motor- 
man, 3 muckers. Drill steel is 1.25-in hollow round, with star bits. Explosive, low- 
density ammonia dynamite in 5.75 by 1.5-in cartridges, received daily from manufacturer 
and immediately transferred to underground magazine; detonated with No 6 tetryl caps. 
Aver daily output (2 8-hr shifts) at this mine is 3 000-3 300 long tons. 

Tennessee Coal, Iron & R R Co mines the Big Seam at Muscoda, Ala, under conditions 
similar to those at the Woodward mine (above). As described by E. M. Ball and A. W. 
Beck (507) in 1937, the main slope 


had reached bottom of the basin at 
6 260 ft from outcrop and under 
1 600 ft of cover. From this slope 
or its branches, haulage levels 20 ft 
wide, 10.5 ft high, are turned at right 
angles at 230-ft intervals, and laid 
with standard-gage double track; 
grade not to exceed 8%. Each 
room, up the dip, is entered by 2 or 
3 necks 20 ft long; in former case, 



A vg cover, 1400 ' Avjj cover, 1600' Avg cover, 1600 ' 

Extraction, 44 Extraction, 40.8^ Extraction, S6.8J( 

Fig 247. Pillar Spacing, Muscoda, Ala 


room is 110 ft wide and yields 16 000 


tons of ore (210 lb per cu ft solid) in its length of 190 ft; a 3-neck room is 160 ft wide and 
yields 24 000 tons. Small (20-ft) circular pillars are staggered over stope areas, usually 
5 in a 110-ft stope; 8-in posts used as required. W'idth of pillar between adjoining rooms 
is adjusted to depth of cover, as shown in Fig 247. It is planned to extract pillars on 
letieat. Two drifters on tripods are used in each stope, making V-cuts and slabbing 
rounds; no secondary blasting required. Explosive is ammonia dynamite, equivalent to 
45% gelatin. Ore is scraped from rooms and haulage headings by 50-hp, double-drum 
hoist, mounted on self-propelling truck on a parallel tiack, scraper discharging its 2-ton 
load over a steel lamp into 5-ton cars. Data on first 6 months of 1937: tons per man- 



shift in actual production, 
16.5; per man-shift under- 
ground, 7.11; tons per lb 
explosive, 1.5; bd ft tim- 
ber per ton, 0.873; kw-hr 
per ton for scraping, 1 ; for 
air compression, 4.65. 

Herman mine, Placer 
Co, Calif. Quartz vein, 
8-12 ft thick, dipping 
45°-60°, occurs in schist. 
Country rock is blocky, 
with cross fractures; on 
the hanging wall is a 
layer of soft slate. Ore is 
in shoots, about 200 ft 
long, pitching about 52°. 
Level interval, 150 ft. 
Underhand square-setting 


was tried and abandoned, duo to its danger and expense. Open stoping with pillar sup- 
port (Fig 248) was used. Stope was opened by driving raises 1 along the bottom 
of oreshoot and on the footwall ; also the manway 3 and the chute raises a to d. Panel 
stopes, 2 to 9, were then carried up. Chute E was cut when necessary. Pole bulkheads 
were constructed between pillars if required to divert ore. When the panel stopes were 
fully opened, the pillars on both sides were sliced and finally cut through, leaving small 
pillars shown in solid black. All these stope pillars wore then drilled and blasted. 
Finally, the pillars under the level above were blasted, allowing caved material from the 
stope above to follow down until it rested on the pillars above the lower level. Data 
from S. H. Brockunier in 1919 (670). 
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41. EXAMPLES OF PRACTICE, MICH AMYGDALOID MINES 

(Support by Pillars of Ore) (67, 153, 170, 486) 

Michigan amygdaloid copper deposits, Keweenaw Peninsula, carry native copper in 
volcanic flows of vesicular basalt (amygdaloid), interbedded with flows of compact dia- 
base, the whole series tilted on dips from 35° at the north to 73° at south end of Range. 
All beds tend to flatten slightly at depth, which has reached over 9 000 ft (on incline) in 
some workings. Profitable beds occur at 5 out of 17 recognized copper-bearing amygda- 
loidal horizons. Distribution of copper is irregular; average tenor of all ore, less than 1%. 
Hanging wall is diabase, usually strong, but often rough and irregular. Footwalls of 

some lodes may contain offshoot ore bodies, 
and copper-bearing cross-fractures are fairly 
common throughout the Range. 

General plan of mining. Open overhand 
stopes are used for beds on dips of 35° to 45°, 
pillars being left for roof support. For min- 
ing steep-dipping beds with weaker walls, 
see Baltic mine. Art 63. For practice in the 
Calumet conglomerate, see Art 39. 

Development. For modes of entry and 
development, see Art 15 to 17. Early level 
intervals of 100 ft or less (on dip) have now 
been enlarged to 160 ft in some mines; aver 
about 125 ft, though 150 ft is common. In 
irregular Osceola lode, 120 ft proved better 
than larger or smaller interval. Inclined- 
shaft pillars, formerly 50 ft wide, are now 
200 ft on each side of shaft, to insure sup- 
port at 5 000 ft vert depth. Crosscuts, 
when required, are 7 ft high, 8-12 ft wide. 

Drifts. Strong hanging wall permits 
lateral development openings of large cross- 
sec without excessive cost for maintenance. 
Hence, the development drift and the cut- 
ting-out slope, when advancing through 
profitable ore, are often excavated together 
in openings called drift-stopes |(Fig 249). 
In passing through barren or low-grade 
zones, width of drift may be reduced to 
7-8 ft. Drifts maintain uniform haulage 
grade and are mostly in lode; hence, apt 
to be crooked. 

Details. Size of drift-stope depends on behavior of hanging wall under existing press; 
at medium depths in Osceola and Kearsarge lodes it was about 9 by 19 ft; at Allouez, 
where hanging was shattered in many places, size was 9 by 18 ft; at Wolverine, where 
hanging was strong and lode wide, 11 by 25 ft; at North Kearsarge, 10 by 16 ft. At 
increasing depths, tendency is to reduce drift-stopes to 8 or 9 by 14 ft. Fig 249 shows an 
earlier typical stope, 9 by 19 ft, on Osceola lode. The cut, towards hanging wall, where a 
well defined slip and also the most persistent copper usually appear in this lode, is dulled 
and blasted first. Complete round in recent 8 by 14-ft heading takes about 30 holes, 
loaded with 40% gelatin, to break 4.75 ft. Osceola lode drills easier than Kearsarge, but 
is harder to break. Two contract miners, working on opposite shifts with 108-lb column- 
mounted jackhammers, advance a round per day, mucking being done by others. In 
deeper levels of Kearsarge, former practice of pointing cut towards hanging wall (where 
good parting occurred) has been abandoned, due to falls induced by breaking of roof rock. 
The cut in 9 by 14-ft stope-drift is now taken 5 ft into footwall (Fig 250), leaving lode 
matter across whole width of roof. Two contract miners on opposite shifts driU 35 holes 
to break 5.5-6 ft per day, using mainly semi-bulk powder with 2-3 sticks of 60% gelatin 
at bottom of each hole. Other men muck by hand. At Ahmeek mine, in Kearsarge lode, 
a 9 by 14-ft drift-stope is advanced 5 ft per day of 2 shifts (aver 100 ft per mo), drills and 
supplies being brought down between shifts, and hand mucking proceeding while 1 man 
drills with 164-lb, hand-fed, column-mounted drifter. A round requires 32 holes aver- 
aging 6.25 ft deep, each loaded with 2.1 lb of 66% low-density ammonia dynamite and 2 



Fig 249. Drift-stop© 
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sticks of 40% gelatin at bottom. There is no standard round; holes left to judgment of 
miner. 

Sloping (67). Stope widths between walls vary from 8 to 20 ft. General plans of 
work: (a) A stope of profitable width, usually 8 to 12 ft, is first opened along hanging 
wall; later, any ore occurring below the arbitrary footwall of first stope is broken in 
benches; this method is followed in Osceola workings of C & H Co, Fig 251 (486). 
(6) Stope follows footwall. Ore less than 12 ft thick is broken in one operation; where 
thicker, a stope 10 to 12 ft high is advanced a short distance on footwall, then ore on back 
is blasted down. Opinions differ as to better method: under plan (h) it is difficult to reach 
and trim the hanging wall in stopes 16 to 18 ft wide; under plan (a) the mining of footwall 
ore starts at top of stope, for breaking ore onto the fairly smooth floor of first stope; this 
leaves less ore to be shoveled out when stope is finished than when floor is mined up the dip. 

Drilling and blasting. Presence of coarse copper reduces drilling si)eed and may 
cause abandonment of holes. Drills are mounted on columns, which in places must be 
10-13 ft long. With 1-man machines it is usual to work 2 drills close together for mutual 
aid in setting-up. Contract drilling, with bonus, is the rule in amygdaloid stopes; in 
Osceola lode, bonus base is 50 ft of hole per drill-shift; in Kearsarge lode, 40 ft; holes are 
inspected and measured by shift-boss, and an improperly placed hole is not counted 
towards bonus. At Ahmeek mine, on Kearsarge lode, advancing a stope face 37 ft wide 


by 7 ft high, up a 38° slope, 30 7-ft holes 
in 3 horiz rows are drilled by 154-lb, col- 
umn-mounted, hand-fed drifters, at 60 ft 
per drill-shift. The 2 vert rows at center 
make a V-cut. Explosive (66% low-density 
ammonia dynamite), 0.9 lb per ton broken; 
output, about 22 tons per drill-shift. In 
Osceola lode, aver output is 25 tons, with 
explosive of same grade. 



Fig 250. Section nt Bottom of Stope, 
Kearsarge Lode 



[Fig 251. Open Stope, Osceola Lode 


Pillars of ore support hanging wall in stopes; their size and spacing depend on same 
factors as in breast-stoping (Art 30). Wherever possible, areas of low-grade ore have 
been utilized for pillars, leading to irregularity. Recent practice on deeper levels aims 
at more systematic use of relatively small pillars for temporary support; roof ultimately 
allowed to cave. Aver spacing has been about 40 ft along strike, less along dip ; interval 
ranges in different mines from 25-r60 ft. Axis of pillars is at right-angles to dip. Pillars 
flare slightly at top and bottom, (with upper sides shaped to shed broken ore [falling 
from above; diam varies from 8-15 ft or more. Little timber is used in stopes; a stull 
or two may be put under a slab, or to hold up broken ore^ for supporting men and 
drills. 

Handling ore in stopes. Dip of amygdaloid lodes is great enough (generally 38°-64°) 
for most of the ore to fall to level below; fine ore clings to footwall and irregularities in 
the latter make some shoveling or scraping necessary. 
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Formerly all ore slid from stope onto a plank platform (sollar), alongside track in the level, 
and was shoveled thence into cars. Since chutes were not used, fine breaking in stopes was unneces- 
sary; about 60% was over 4-in size; large pieces lifted into cars by hand, trammers used short 
D-handled shovels. Later practice generally adopts scrapers, discharging through hardwood plank 
chutes, which are dismounted and used repeatedly. Footwall at Quincy mine is so rough that prac- 
tically all ore must be shoveled to drift (see Fig 254 and text). Stope floors ark cleaned before 
stope is abandoned, sometimes by scraper. At Mohawk mine, ore remaining on stope floors has 
been shoveled into semicircular steel chutes, 32-in radius, laid on the broken ore, and supported on 
wooden horses at the level for dumping into cars; they were mqved along the stope floor as it was 
cleaned up, 4 shoveiers and 2 trammers handled 42 tons per shift. 

Stoping generally begins at a raise-stope, say 24 ft on strike by full width of lode, put 
up between levels as far as possible from the shaft. 

Examples of stoping. Wolverine mine is om an amygdaloid lode with strong hanging 
wall; dip, 41°; aver width, 14 ft; Fig 252 shows stoping method ; level interval, 100 ft; 
levels were opened as dnft-stopes. Gound was mined in blocks 75 ft long, running from 
level to level; 2 pillars A, say 15 ft diam, wore left at top of drift-stope in each 75-ft block. 



8EC IN PLANE OF VEIN CRO88-8E0 Fi^ 253 Stoping, Mohawk 

Fig 252. Stoping, Wolverine Mine Mine (Sec in plane of lode) 


through chain pillar in each stope for ventilation. Mohawk mine. Aver width of lode, 
20 ft; aver dip, 38°; level interval, 100 ft. Stopes were 100 ft long, separated by pillars 
(locally, “ dead ends ”); chain pillars were also left, and a pillar about 13 ft diam above 
drift-stope in middle of each stope (Fig 253). A flat-back stope was carried, a cut being 
broken out of back for each slice. Ventilation was poor in upper parts of stope. North 
Kearsarge mine. Aver width of lode, 18 ft; dip, 38°; level interval, 125 ft. Lode was 
stoped in blocks 20 ft along strike and half the level interval on dip, ore being broken in 
slices parallel to dip. Upper 62 ft was similarly mined, several lower stopes were usually 
finished before the upper were begun. Pillars weie usually left in alternate stopes at 
top of drift-stope and at bottom of upper stope, but their spacing along strike depended on 
hanging wall. Jin 8 to 10-ft chain pillar was left, except where levels above were stoped 
out. Allouez mine. Width of lode, 16 ft, dip, 38°; level interval, 125 ft. Lifts were 

mined in 3 scries of stopes, each say 

wWWWWWWWWWWOW^ u '“n “7. 

ea^^h stope; poor hanging wall often 
required pillars as close as 25 ft 
along strike. Hancock mine. Width 

^ ^ ^ ^ 

f level inteival, 100 ft. Drifts, 0 by 7 
ft, were enlarged by a cuttmg-out 
I ^ ^ ^ CuttingKiut 6tope stope to 24 ft. Back of level was 

timbered with stulls 4-6 ft apart, 
lagged with 4-6-m poles. A 2 by 

intervals, with a sollar under it 
‘ LONGITUDINAL SECTION VERTICAL nhout 4 ft above track. Some 

CROSS-SECTION broken ore remained in stope to 

protect lagging and aid in setting up 
„ .XT drills; the rest was drawn onto 
Fig 254 eoUars. ^rted loaded. Ground 

was good, requiring no stope timber. 
Pillars were left where ore was poor, also a chain pillar, 6—10 ft thick. Quincy mine. 
A lode about 10 ft thick, dipping 38° to 54°, has been worked at great depth (9 150 ft 
on dip). Stopes at Quincy were at first 100 ft wide, alternating with pillars of same width. 
As depth increased, these dimensions had to be changed to 50-ft rooms and 50-ft pillars; 
this made workings safer, percentage of extraction greater, and tenor of copper rock 
stamped increased. Fig 254 (482) shows layout for use of light reversible hoe scraper. 


Scraper 

CuttingKiut stope 


LONGITUDINAL SECTION 


VERTICAL 
CROSS -SECTION 
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Osceola lode is erratic as to shape and mineralization of oreshoots (486), aver dip 37®, 
no systematic arrangement of pillars is feasible Occasional rich pockets in footwall 
are discovered by minute examination of floor as stoping proceeds, if isolated by more 
than 4-5 ft of barren footwall, such pockets may be mined by special stopes from 
crosscuts, if within that distance, they are mined by underhand jackhammer work 
from mam stope Levels at 120-ft (slope) intervals are opened as drift-stopes (see above) , 
in workable ore, chute raises, 9 ft wide by 6 ft high, are opened on 25-ft centers (Fig 251) , 
latter equipped with nearly level chutes of hardwood plank and old rails, delivering about 
4 ft above track Scraper, when required, is 4 ft wide and operated by double-drum air 
or elec hoist with 0 5-in rope 

Retreating systems are attempted in most amygdaloid mines, especially as depth 
and pressure increase Hence, drifts or dnft-stopes must reach the boundary before 
stoping begins above them This reduces cost of drift maintenance and avoids the fol- 
lowing disadvantages of the advancing system (a) blasting in stopes injures tracks on 
level, (5) mucking in stope and in drift or dnft-stope interfere, (c) small pieces of ore 
lolling from stope onto rails often derail cars, {d) danger from slabs falling from stope into 
drift, (e) sometimes a stope caves, and ore from points beyond must then be run to level 
below, this IS troublesome and costly, especially on flat dips 

Kearsarge lode has been mined for a strike distance of 6 miles within C & H ground, and to 
depths of 4 000-5 000 ft (on 38° dip) To 3 000 ft, usual method was open stopes with pillars of 
barren rock or poor ore Later mc^fications adapted to heavier press, described by O Potter in 
1931 (486), include stoping on retreat and use of “ rib pillars,” latter to control roof settlement 
without attempting to prevent it Le\els at 150-ft (sloi>e) intervals are advanced as 9 by 14-ft 
stope-drifts to boundary Starting there, 
chute raises {R, Fig 255) 5 ft high and 21 ft 
c-c are driven about 10 ft up the footwall and 
enlarged at upper ends to full profitable width 
of lode, leaving a brow over the chute (Fig 
250) From top of last raise on drift, a “cut- 
ting-over” drift (D, Fig 255) starts back 
towards the shaft, breaking into tops of suc- 
cessive raises and funnehng them When 4 
such chutes have been completed, a stope 37 
ft wide and full height of lode is started o\er 
chutes No 2, 3, leaving No 1, 4 open for 
ventilation As the “cutting-over” drift ad- 
vances, more 37-ft stopes are started, each 
centered over 2 chutes, leaving a 5-ft “nb 
pillar” between every 2 stopes, this pillar is 
holed through, at about 25-ft intervals, for 
access and ventilation (Fig 255) Width of 
pillar is varied according to experience, no 
timber is required except an occasional prop 
under a slab that can not be barred down 
Four 1-man drills in 2 adjoining stopes can about keep pace with 1 drill in “cutting-over” drift, 
combined output of the 5 drills being 220-250 tons per 2-shift day When a stope is finished and 
all ore withdrawn, pillars of better-grade ore are blasted down, under strong roof, a whole row can 
scmetimes be recovered, those that remain are expected to crush so as to allow gradual subsi- 
dence, total recovery from stoping area, 95% of pay ore About 85% of broken ore can be loaded 
(into 5- and H-ton cars) by gravity, with a little help from trammers For the rest, and always when 
extracting pillars or woiking under bad roof, 4-ft scrapers operated by 2-drum air hoists with 0 5-in 
rope are used Storage-battery, 7-ton loco hauls 2 to 4 8-ton cars, Fton loco for 5-ton cars, max 
haul, >000 ft, usually not over 2 500 ft Advantages of this system (a) all holes are drilled up- 
ward and parallel to dip, hence more easily directed to avoid breaking either wall (6) When 
roof falls in old stopes, caving stops at first solid line of pillars (c) Small expense for timbering 
Chief drawback is that all mining is substantially the advancement of a heading, with adverse 
effect on powder consumption and output per shift 


W orked out stope 



Fig 255 Open Overhand Stopes with Rib Pillars,. 
Kearsarge Lode i Projection on plane of lode 
dipping 3b°) 


42. PILLAR AND CHAMBER WOREJNGS 

The term denotes methods of mining in which large chambers are excavated, leaving 
pillars of ore for permanent support Chambers may be mined as underhand stopes, 
glory holes, or overhand stopes Support for men m overhand stopes is afforded by accu- 
mulation of broken ore (Shrinkage stopes, Art 67), or by square-sets (Art 45 et seq); 
chambers are rai ely filled with waste to support men (see Rimogne quarry, below) 

The method is a development of room and pillar work in beds (Art 32), for mining 
masses or wide veins In typical cases, workings are a senes of large open stopes, separated 
by a network of vertical and hoiiz pillars of ore. Synonymous terms are chamber work- 
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INQ8| PILLAB WORKINGS, BOOM AND PILLAR, PILLAR AND STALL, ROOMING (see index for 

other use of same terms; also Art 104-6). 

Chamber workings are a very old form of mining, obsolete for metalliferous deposits, 
except in rare cases; they are useful for exploiting cheap and abundant minerals, as salt 
or slate, where much of the deposit (40% to 70%) can be sacrificed in pillars for securing 
cheap support and low mining cost. Recovery of pillars is generally costly, often impos- 
sible, and workings are left in such shape that a change to other methods is difficult. 

Requirements of method: (a) large deposits, as masses, wide veins or thick beds; 
{b) deposits of strong mineral or rock, with strong walls, which will stand unsupported 
over back and on walls of chambers; (c) cheap minerals, which will not pay cost of install- 
ing other methods; (d) deposits of uniform value, as no sorting is done in chambers. 

Examples of practice which follow, while old, well illustrate principles, variations and 
applications of the method. 

Tilly Foster mine, N Y. Orebody was a steep, lenticular moss of strong magnetite, embedded 
in gneiss; in horiz sec, it was about 200 ft wide by 300 ft long, dip, about 60°. Fig 256 shows method 
of mining part of the deposit. An inclined shaft was sunk in footwall, with wide drifts at 100-ft 



intervals along footwall to ends of orebody. From drifts, looms 24 ft wide, with 20-ft pillars, were 
carried across to the hanging wall. They were excavated overhand as shnnkage slopes (Art 67). 
A timbered crosscut in middle of each room connected with footwall drift for access and transport. 
Rooms were raised to within 15 or 20 ft of level above, leaving a floor of that thickness extending 
over whole area of orebody. When a room was finished, all broken ore was drawn, and the room 
abandoned. More than half of the orebody was left in pillars Attempts to fill old rooms with 
concrete and to mine pillars under this support failed, many pillars were eventually recovered by 
open-cut (200, 201). 


Republic mine, Marquette Range, Mich. Fig 257 shows former method for mining 
wide portions of a hard hematite deposit, having in places a horiz sec exceeding 150 by 
400 ft (202). A vert shaft was sunk in the deposit, with a 70-ft pillar to protect it; 
drifts were driven at intervals of 30 to 50 ft and connected by winzes about 60 ft apart; 
from winzes, chambers 30 ft wide were opened from wall to wall, leaving 30-ft pillars. 
Top of chamber was a breast stope, with arched back, ore being mined underhand, starting 
at top of a winze. At places, the glory-hole method (Art 37) was used. Where a level- 
pillar was left, the heading method (Art 36) was employed (Fig 257, vert sec CD), the 
chambers lieing 50 to 150 ft high. At other places, 2 senes of 30-ft rooms were driven at 
right-angles to each other, leaving 30-ft square pillars. About half of orebody was left in 
pillars; some of this ore has since been recovered after filling old stopes with waste. For 
hard ore, shrinkage stopes are now used, with subsequent filling (Art 68). 

Rio Tinto mine, Spain. Orebodies are lenses of pyrite, with enough chalcopyrite to 
carry an aver of about 3% Cu. Length of deposits, 1 200-6 500 ft; width, generally 
proportional to length, max 250 ft; depth, 600-1 800 ft. Deposits fusually occur along 
contacts between porphyries and clay slates, or along other lines of weakness in either rock. 
Nearly all have at some period been exploited by pillar and chamber (locally, pillar and 
stall) . J . Allan gives following details (203) . Lode was divided into horiz slices, alternate 
slices being worked by series of galleries at right-angles to each other; between every 2 net- 
works of galleries was left a solid floor of ore of varying thickness, depending on strength of 
ground. Ordinarily, galleries were 13 by 13 ft; 16.6 by 20-ft and 20 by 20-ft sections 
were also tried, but proved unsafe in weaker parts of deposit; smaller openings were pref- 
erable, which could be made larger on entering good ground and smaller in weak ground. 
Face of galleries was attacked by a small top heading, leaving a bench about 8 ft high 
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(compare Heading method, Art 36) . Fig 268, from Foster (10) , shows work in one deposit; 
entry was by vert shaft in footwall, with levels 41 ft apart, connected by vert raises. 
Alternate levels were used as main haulageways. Drifts and crosscuts, 10 to 11.5 ft 
square, were driven at right-angles on each level, at 33-ft centers, with pillars 21 to 23 ft 
square, the pillars being superposed in successive lifts. Chambers were then made by 
heightening and widening spaces between pillars. In firm ore, pillars were about 10 ft 
square and chambers 30 to 33 ft high; under aver conditions, pillars were 15 to 20 ft 
square, chambers 20 to 26 ft high. Vert sec (Fig 258) would be the same, whether taken 
parallel or at right-angles to strike; it shows successive stages of work in different levels. 
At many mines in the district, only 33% of the total ore was won by this method; m case 
shown, extraction averaged 50%; in firm ore, it might reach 73%. Chamber workings 
were adopted because they offered a cheap and ready method of obtaining large tonnages; 
ore was so plentiful that recovery of pillars was neglected. Many mines have stripped 
the overburden and mined old pillars by open-cut. Orebodies once worked in this manner 
have been reworked by a modified crosscut method (Ait 64). Virgin ground at Rio 
Tinto is now worked by filled, flat-back stopes (Art 60) (549). 

Underground slate quarries are typical of correct use of chamber workings. Following 
examples illustrate methods; further detail in Bib (10, 169, 204, 205). 



Festiniog District, N Wales. Slate beds, 30-120 ft thick, dipping 20° to 35°, are opened by 
inclined shafts or by adits, levels are about 50 ft apart. Transverse chambers are opened 30 to 50 
ft wide along strike (Fig 259), with pillars of about same size. With hand drilling, sides of pillars 
follow planes of weakness at right-angles to cleavage, these are askew to dip and deviate a little 
from perpendicular. Where channelers are used, pillars are vert and normal to dip. A chamber is 
started by a 4 by 4 or 4 by 6-ft raise along hanging wall at center or corner of proposed chamber, the 
raise is then widened to full width of chamber, widening and raising usually proceeding simultane- 
ously. Floor of widened raise is carried back tow’ard hanging wall by cutting off slices parallel to 
cleavage. A bottom cut is first made across width of chamber by a bar channeler dnlhng close-set 

2- in holes , ribs between holes are broken with a chisel bit. Other cuts are made higher up and abo 
along chamber walb, and blocks blasted down with small charges. Chambers and pillars on suc- 
cessive levels are under and connect with each other. Vert distance between floor of chamber and 
hanging wall may reach 120 ft. Mam drifts are destroyed by work m the lift below, communication 
being maintained by run-around drifts m hanging, or by bridges; intermediate drifts are abo run. 
Slate from development is all lost, and about half of the total is left in pillars. Further lose in 
splitting reduces net yield to about 13% of the deposit. L. Mayer states that m 1908 the Oakley 
quarry, with 1 500 men, produced 6 000 tons of slate per mo (169). One chamber may provide work 
for a small cre.w for 10 or 15 years. Ebewhere in the district, conditions allow chambers 
to be 100-150 ft and pillars 24-50 ft wide. No means have been devbed for mining pillars Men 
work under high unsuppoited roofs, but, though pillars often collapse, fatal accidents are rare. 
Backs are examined and trimmed from ladders erected in 30-ft sections, and held by guy ropes; 

3- 6 men take 1 week to build up a 100-ft ladder. In 1922 a hand-held hammer drill and a hydraulic 
rotating drill were being introduced (550). 

Rimogne quarry, French Ardennes. Principal slate bed dips 22° to 45°; thickness, 0-2W ft. 
Long chambers (30-50 ft wide) are excavated along the strike, instead of across it, as at Festiniog. 
They reach from f 9 ot to hanging, with pillars about 13 ft wide along dip, sides of pillars being 
normal to dip. Chambers are mined as overhand filled stopes (Art 60) ; much of the waste is used 
as filling (205). 

Anjou, France. Slate beds 130-600 ft thick stand almost vert. Outcrops are generally covered 
by a considerable thickness of worthless slate. They were formerly worked in large bolated cham- 
bers, each with its own entry from surface. A vert shaft was sunk to good slate, and an arched room 
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excavated over top of proposed chamber by breast stoping. Floor was mined underhand in 10-13-ft 
benches. Slate blocks were handled in a stone skip attached to a trolley on a cable brought down 
the shaft and fastened to an eye-bolt in floor of chamber. Horiz sec of chamber was a circle or a 
rectangle, with maximum area of 21 500 to 27 000 sq ft, some chambers were 360 ft deep. Similar 
methods have been used for mining rock salt at Marmoras, Hungary (205). 

Avery Island salt mine, La. Deposit is a dome-shaped mass, in places over 2 000 ft thick, 
overlain by 16-25 ft of soil, and has been worked on 2 levels at 90 and 160 ft depth. A. G. Wolf 
(551) describes methods m 1921. Deposit is opened by a 500-ft shaft. Parallel 7 by 7-ft drifts, 
put in on 120-ft centers, are widened by breast stoping till they form rooms 60 ft wide, leaving 
60-ft pillars. Pillars are broken through in both directions, so that a series of regularly spaced pillars 
60 ft square is left. Rooms and breakthroughs are then mined ovei hand by men working on ladders 
or on broken salt. Rooms are carried to a height of 60 ft at center. Drilling is done with air-driven 
augers, sometimes making 100 ft of hole per hr. All shoveling done by hand on contract. 
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This method, also known as sub-stoping, was developed in Michigan iron mines about 
1902. It is an open-stope method and distinct from sub-level caving (Art 75, 76). 

Applicability. Sub-level stoping is a relatively low-cost method, in terms of cost per 
ton of ore extracted. It does not permit very effective sorting, and is therefore applied 
where values are fairly uniform and sorting is not essential. Ore should be strong enough 
to stand well after trimming, and permit benches to stand under their own weight. 
Method may not be advantageous in very hard ore, due to high cost of driving sub-levels. 
Walls must be firm, or they will cave prematurely and dilute ore. Method is best adapted 
to steep dips, but has been successful on flat dips at Roan Antelope mine (see below). 

Michigan practice. Following data and drawings are from F. W. Sperr, P. B. 
McDonald, and F. C. Roberts (208). Type of deposit mined by sub-level stoping in 
Mich includes “ pockets ” and narrow ends of large lenses; in general, steep-dippmg, 
tabular deposits, 12 to 100 ft wide. Ore should be fiee from slips, and strong enough for 
backs to stand after trimming and benches to stand under their own weight (very hard 
ore increases cost of driving sub-levels and is a disadvantage). Walls must be firm, or 
they will cave and mix with ore, and overlying capping should be strong, so as to permit 
stoping of large panels or blocks. 

Shafts or other development entries should be outside of the orebody, as mining 
eventually causes walls to cave. Level interval, 100 to 150 ft vert, each level having 


Mined out 


Mined ont 



Fig 260 


a main haulage-drift from 
which crosscuts are run 
to the walls to outline 
the deposit. Chute-raises 
are put up from drift and 
crosscuts to about 25 ft 
above level flooi. Drift 
and crosscuts are planned 
so that centers of raises 
are 15 to 30 ft apart; in 
25 to 40-ft oiebodies, 
some wider bodies have 2 parallel 
, to facilitate motor haulage. At 
a raise is put through to level 
The triangular 


raises alternate on opposite sides of haulage drift; 
haulage drifts, connected at intervals by crosscuts, 
end of deposit (or at end of panel to be stoped) 
above. Fig 260 shows procedure when end of orebody slopes forward, 
block ABC is broken by underhand stoping and handled to the level through the end 
raise; and ladderway and sub-levels 1, 2, and 3 are driven. If end of deposit slopes back- 
ward or is vert, sub-levels are started from end raise as well as from ladderways 
(Fig 261). Lowest sub-level (No 1) is at tops of chute-raises; vert interval between 
sub-levels, 20 to 25 ft; they are closer in soft than in hard ore. Stoping. A sub-level 
usually consists of a single drift in middle of the deposit. Where ore is less than 40 ft 
wide, sub-level No 1 (Fig 261) is first widened to the deposit walls; a breast stopo about 
12 ft wide and of same height as sub-level is then carried across end of deposit, and worked 
back toward ladderway. Down holes are drilled around tops of chute- raises, and uppers 
in back of breast stope, the former being blasted first, to give a funnel shape to tops 
of raises (Fig 262). One round of back holes breaks a block 8 or 10 ft high across 
width of deposit and about 12 ft along strike, broken ore falling into finished raises and 
to chute gates in main level. After this work has proceeded 20 or 30 ft toward ladder- 
way, sub-level No 2 is similarly opened. Holes are drilled in floor and back of bieast stope 
and fired together, breaking off the bench of ore over sub-level No 1, and an 8 or 10-ft 
slice off back over No 2, broken ore falling into the open stope below. This procedure 
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is repeated on each sub-level. Fig 262 shows appearance of work after slope is well 
opened ; faces of sub-stopes retreat uniformly, being kept 20 to 30 ft apart. Each main 
level in turn forms the top sub-level of the series. When the ladderway is reached, a new 
ladderway and set of sub-levels will have been opened to the rear. Thus, men on each 
sub-level work under solid ore, and far enough back from open slope to be safe from 
falling slabs. Fig 263, 264 show application to orebodies 50 to 100 ft wide. A slope 
about 1 Iz the width of 
the ore is first carried 
back through middle of 
deposit, leaving a pillar 
on each side. After cen- 
tral stope has advanced 
60 to 100 ft, crosscuts K 
and drifts M (Fig 263) are 
diiven on each sub-level; 
drifts M are extended and 
form benches along face 
of pillars (Fig 264) and 
benches B (Fig 263) are 
earned across ends of pil- 
lars to walls. Pillars are 
then mined by holes 
drilled from benches J5, as 
m the central stope; each 
bench is kept a safe dis- 
tance in advance of the one above. A vert sec through DJ or D"J" (Fig 263) would 
be like Fig 262; vert sec through D'J' would show the central stope worked back to 
a vei t face. 

In long oiebodios, stopes in Mich are about 250 ft long, separated by pillars containing 
ladderways. Length of stope is adjusted to prevent premature caving of walls; honz 
pillars can also be left underneath main levels. Ore in pillars may be mined later by 
tip-slicing (Art 70), or by sub-level caving (Art 75, 76), if stopes are first filled. Filling 
for stopes between 2 levels may be drawn down and reused m lift below, allowing walls 
above t/O cave. Bib (545) gives examples of sub-level sloping, but no costs. Advantages 
of method are its safety and small timber consumption in suitable orebodies. Due to 
numerous points of attack, large tonnage can be broken in a small stope, most of it being 


Fig 263. Plan of Sub-level Stope in Wide Orebody Fig 264. Vert Sec (Fig 263) 

immediately available for loading (132). Small charges break large tonnages from benches 
and backs (bieaking in breast stopes is more costly) ; aver powder consumption moderate. 
CuiEF DISADVANTAGE is large amount of narrow work in preliminary development, cost of 
which increases with hardness of ore. This cost is obviously greatest in narrow orebodies. 
Large pieces may require blockholing in chutes. 

Roan Antelope mine, Luanshya, Nor Rhodesia. Data from material generously 
furnished in 1938 by W. J. MacKenzie, Mine Supt, through courtesy of Fiank Ayer, 
Gen Mgr. Fig 266, 267, 268, and 269 were prepared by Mr. Bert Colo of the Co’s staff. 
Sub-level sloping, introduced by R. M. Peterson, has proved highly satisfactory. 

Geological features. Disseminated copper sulphides occur throughout a 10 to 45-ft 
band of well bedded argillaceous sandstone and shale; aver, 3.44% Cu, The mineralized 
beds forming the orebody are in an asymmetrical plunging syncline; hence the outcrop 
is hair-pm shaped; dips vary from flat to 90°. Plan of early underground workings, 
Fig 265 (501), indicates general shape of orebody. Hanging wall shades into lean and 
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barren shales, quartzites, sandstones, and dolomites. A band of calcareous biotite 
schist on footwall, about 3 ft thick, sometimes has high copper content. Below the schists 
are feldspathic quartzites and conglomerates, or, in some parts, shales. 

Development is by several inclined shafts in ore and a main vert shaft starting 180 ft 
back of footwall of one limb of orebody (Fig 265). In the steeper portions of orebody, 
haulage drifts above 420-level were at 100-ft vert intervals; below, 200 ft apart. In the 
flat section at the “nose” of orebody, intermediate haulageways were driven in footwall 

on the 220-, 280-, and 350- 
lovels, ore from which dropped 
through ore passes to the 420- 
level. In steeper parts of 
orebody above the 820-level, 
haulage drifts were in ore 
along footwall. Below 820- 
level, haulageways will be 
driven in footwall rock as 
permanent openings for ven- 
tilation and service for st op- 
ing. 

Sloping. There are 3 
modes of procedure, depend- 
ing on the dip. Fig 266 ap- 
plies to “flat ore,” or to 
dips of 12°-30°. Haulage 
drifts K, 9 by 12-ft section, 
are driven in footwall, usually 
at 75-ft vert intervals. For 
each stope, an inclined chute 
raise R (min dip 55°) is driven 
from haulage drift to orebody. 
A grizzly is placed over the 
raise at the elev of the eco- 
nomic footwall. Grizzlies are 
10 by 7.6 ft, with 16-m open- 
ings, and made of 6-in I 
beams covered with mild-steel 
wearing plates. A sub-level 
drift A gives access to grizzly. 
From the grizzly chamber, an 
8 by G-ft raise B is dnven 
along footwall to the grizzly 
level of completed stope 
above. At 10 ft up the dip 
from the grizzly, a raise (7, 
normal to dip, is driven to 
locate the economic hanging 
wall. Raise D is then driven 
along hanging-wall side of 
the ore, directly over the foot- 
wall raise. Two sets of sub- 
level drifts are driven 50 ft 
apart; one set, 2 ft below 
the hanging wall; the other, 
F, 4 ft above the footwall. Stoping up the dip is done in “sections,” each extending from 
one pair of sub-drifts (hanging-wall drift and footwall drift beneath it) to the next above. 
Starting at raise C, the first operation is the cutting of a “slice” G (Sec BB) between the 
foot- and hanging-wall raises, advancing up the dip to the first pair of sub-drifts. This 
is done by drilling uppers in the back of footwall raise and down holes in the floor of 
hanging-wall raise. Cutting the slice is followed by “trailing.” A hanging-wall “trail,” 
H, is a slot, 6-10 ft wide and 6-8 ft high, cut out at top of stope face and extending up 
the dip. Similarly, a footwall trail, J, is cut. When a section of stope has been “sliced” 
and ” trailed,” the resulting bench is drilled and blasted. Broken ore is scraped to the 
grizzly with a 48-in hoe-type scraper, operated by a 30-hp elec, double-drum hoist. 
“Trailing” and breaking of benches proceeds laterally to stope widths averaging 40-50 ft. 
These operations, always preceded by “slicing,” continue up the dip to the level above. If 
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the stope above has caved, the lateral pillar or sill S is left; otherwise the sill is mined. 
Rib pillars separating the stopes strikewise are 10-15 ft thick. For stoping, drills are 
3-in stopers and 2 5/8-in jackhammers. Production rate of such a stope is 250-300 tons 
I)er day with 8-hr mining shift and approx 16 hr of scraping. 



\ 


Fig 267 shows method used in “semi-steep” ore, on dips of 30°-45°. Haulage 
drifts, 9 by 12 ft, are driven in footwall at vert intervals up to 150 ft. Sub-level drifts 
are along both foot and hanging wall, 25 ft apart vertically. A stoping “block” comprises 
4-6 stopes, 40-60 ft wide (strikewise), the stopes being separated by rib pillars 12-15 ft 
thick. Chute raises, A, are driven from a haulage drift to the ore, on center lines of the 
rib pillars, so that each may serve 2 stopes. A few feet below the economic footwall, a 
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grizzly IS placed over each chute raise; height of grizzly above haulage level, about 30 ft. 
A sub-level drift B, at the same elev, with crosscuts to the grizzlies, serves as a travelway 
A short drift runs from each grizzly to edge of the stope, from which point a raise C is 
driven along the pillar line to a footwall sub-drift (Ist sub-level), about 50 ft above the 
haulage level. From there an 8 by 6-ft “mining” raise is diiven on footwall and along 
the pillar line to the grizzly level of the completed stope above the next higher mam level 
When this raise reaches the 2nd sub-level, raises C are belled out and the back of the mining 
raise mined out to the point where a protective brow D is left over that portion of crosscut 
E which houses a scrapei hoist When the mining raise reaches the third sub-level, an 
opening on the second, 12 ft wide and 7 ft high, is cut from foot to hanging wall, connecting 
with the hanging-wall drift The back and floor of this opening are drilled and blasted, 
breaking out the slice between first and second sub-levels As the mining raise advances, 
successive slices along the pillar line and between sub-levels are similarly removed On 
completing a slice below a given sub-level, a hoiiz “trail” F, or notch, is cut from foot 
to lianging wall, connecting the open ends of the sub-drifts at this elev Benches thus 
foirned are drilled and blasted into the open stope below Movement of broken ore to “mill 
hole” C IS aided by a sciaper and 20-hp elec hoist, an “aerial rig” (Fig 268) permits 






Fig 268 “Aerial Rig” for Scraper Sheave, Roan Vntelopc Mine, Nor Rhodesia 



easy movement of the headblook to any desired point across width of stope Production 
from this type of stope is 300-400 tons per day, wnth 8 hr mining and 16 hr scraping 

Fig 269 and 269a show method m “steep ore,” on dips of 45°-90° A haulage drift 
IS diiven in footwall As it advances, chute raises A are driven 110 ft apart, to cut the ore- 
body just below the grizzly level, 55 ft above haulage level Chute raises are branched 
strikewise to give a c-c spacing between grizzlies of 55 ft From each grizzly, a crosscut B 
is driven to connect with a hanging-wall sub-drift C, which '^erves as a trav^elway between 
grizzlies Haulage- and grizzly-level development are earned on concurrently, so that 
the grizzly level ma> seive as a letuin an course in dimng the haulage drift From each 
giizzly, drifts aie diiv^en about 10 ft in both diiections along footwall and from their 
ends, raises D aie diiven to fust sub-level, 25 ft above gri/zly lev^el These raises are later 
funnelled both stnkewise and towaid the hanging wall, and are known as “mill holes” 
Sub-level drifts aic centially located in the oiebody, at 30 to 35-ft vert interv^als Standard 
length of stope is 70 ft Rib pillars between stopes varv m width from 10 to 20 ft, depend- 
ing on stiength of giound Height of stopes is 420-660 ft vert, or as much as 750 ft along 
the dip “Block pillars” aie often required to support the 70-ft span of hanging wall 
between main rib pillars Position of block pillars is determined by inspection and lecords 
of prevuous stopes in the block 

A stoping “ block ” is 800-1 000 ft in length along the strike, forming 8 or 12 stoping 
panels respectively The block is developed by a central sorvico raise F, 8 by 6 ft, and a 
muck laise, spaced either 86 ft or 45 ft apart With the former spacing, the muck 
laise G IS later used for opening the last stope of the block, wuth the latter spacing, about 
40% of length of raise serves for establishing the “block pillars” within this stope 
The service raise is advanced by a “bulkhead pent-house” (transfer chute) system, 
whereby muck from raise is hand-trammed on the sub-levels into the muck raise, which is 
driven ahead of the servneo laise Ladders, comp-air line, water line, tugger hoist, track, 
and ventilation line are kept within 50 ft of the service-raise face As each sub-level elev 
IS reached, crosscuts, driven off the service and muck raises, are connected by a sub-level 
drift As each sub-level is established, the drift is driven to the extremities of the block 
When the first level above the grizzly level reaches the block extremity, the first mimng 
raise H is started from the grizzly excavation and driven, on the economic footwall, up 
the side of the main rib pillar This raise is extended as each sub-level drift above reaches 
the pillar When the raise reaches the second sub-level, the stope floor is cut on first 
level and the raises from the grizzly properly belled As cutting of floor and belling 
of mill holes is completed, stoper holes m the back of the first level are blasted. When 
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this work has retreated 25 ft from the mining raise, floor cutting is begun on the second 
level, the first opening being 10 ft along the strike and from foot to hanging wall. Holes 
in the back and floor are drilled and blasted, making a slot between first and second levels. 
This operation is repeated on each upper level, but only after the level below has retreated 
at least 10 ft. It may be necessary to make 2 cuts in the slot with down holes, in which 
case the blasting of up holes on a level lags behind blasting the down holes. When the 



slot has been cut, regular benching begins. This consists of cutting a trail 8-10 ft wide 
from foot to hanging wall, drilling the back and floor, and blasting the bench into 
the stope. 

In some parts of the mine the hanging wall will not stand up for completion of stopes 
600-700 ft high. A belay system is therefore used, whereby an intermediate grizzly level I 
is opened approx midway up the panel. The regular mining raise is driven from the lower 
grizzly level (so located with respect to the footwall and rib pillar as to allow for wear by 
scouring) to the intermediate grizzly level. If the nature of ore permits, this raise is 
enlarged from 6 by 8-ft size to an opening 30 ft along the strike by the distance from 
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foot to hanging wall. This opening is carried up to the sub-level immediately below 
the intermediate grizzly level; from there a 6 by 6-ft raise J is driven to the grizzly 
level. Branch raise K is also driven from this level to hole into the grizzly level about 
60 ft from the mining raise. Grizzlies are placed on these openings and mill-hole raises 
are driven to the sub-level above the grizzly. Normal stoping follows. Ore from upper 
part of stope passes through the grizzly into the enlarged mining raise below, lower part 
of which provides good “ore-pass” storage. When the upper half of stope is completed, 
the intermediate grizzlies are removed and the mill holes bulkheaded. The lower half 
IS then completed and if little sloughing of waste rock has occurred above, the sill at the 


intermediate grizzly level is blasted out and 
recovered. Production in those stopes is 
6 000-20 000 tons per mo, depending on 
width of ore, which is 9-35 ft. Break per 
machine-shift is 50-130 tons. 

R. M. Peterson in 1932 (501) cites follow- 
ing factors favoring use of sub-level stoping 
at Roan Antelope: (1) a working place can 
always be barred and made safe, and .sub- 
level exit is always at hand, (2) working 
and drilling conditions in stopes are always 
the same; native labor does best in repeti- 
tion tasks; (3) pillar spacing can be varied 
as conditions demand; (4) stoping can be 
shut down or opened up to full capac at 
short notice, without affecting ore grade or 
causing wastage of reserves. 

Burra Burra mine, Ducktown, Tenn. 
Data from C. H. McNaughtoii (180) in 
1929. Ore body is an irregular lenticular 
mass of iron sulphides, carrying 1.6% Cu in 
chalcopyrite. Walls are highly metamor- 
phosed schists and graywackes, usually 
standing unsupported over 100-ft spans; 
walls are firmer than ore, which tends to 
break into coarse blocks, but does not 
readily break free from walls. Orebody, 
neaily 0.5 mile long, ranges from a few feet 
to max of 180 ft wide, and varies in dip from 
75° at surface to 50° at 1 600 ft, with local 
dips as low as 35°. Development. Entry 
is by an inclined shaft in footwall and a vert 
shaft ill hanging. Crosscuts to orebody and 
haulage drifts are driven at 196-ft vert inter- 
vals. Stoping. Sub-level stoping, first adop- 
ted in 1925, has laigely replaced foimer 
shrinkage and glory-hole mining. Fig 270 
shows method for widths less than 40 ft. 
Haulage levels, //, are driven on footwall; 
raises, R, are put up in ore along footwall at 



some convenient distance apait, 340 ft in Fig \ 

270. At vert intervals of 40 ft, sub-drifts, ^ . 

4 by 6 ft, are driven between raises m oi e near 269a. Typ^aj S« ^hrough Chute Ra.se 

footwall. At 40-ft intervals along the haulage 

drift, 4 by 5-ft raises, P (“pull holes”), are put up on footwall to first sub-<irift. These 
are widened at top to expose walls and are tunneled. Grizzlies with 20-in spaces are 
placed at bottom of “pull holes,” directly over haulage level. Stoping begins on second 
sub-drift at a raise, by cutting out the raise to full width of orebody between the first 
and second sub-drifts. Then, a crosscut (“notch”), 5 ft wide by 6 ft high, is driven to 
hanging wall from second sub-drift; the floor of the notch provides a “bench” from which 
down holes are drilled to form a second bench 6 ft below. These operations are repeated 
until the stope faces reach the shape shown in Fig 270. Benches below the first are 10 ft 
deep. Stoping is done as on the sub-drifts above; the work on a lower sub-drift is kept 
far enough ahead of that on the sub-drift above to assure that the men are always working 
under the protection of solid ground. Mounted hammer drills are used for horiz holes in 
cutting notches (slabbing), and jackhammers for vert holes on benches. Slabbing rounds 
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are drilled with 3 flat holes in a vert row and 10 ft deep, with 2-2.5-ft burden; bench holes 
are 4-5 ft apart along stope face, with burden of 2.5 ft. Blasting is done at night with a 

bulky 35% powder and elec detona- 



tor. In 1929, an aver of 48 tons of 
ore per machine-shift was broken; 
powder consumption, 0.33 lb per 
ton ; bulldozing on grizzlies required 
an added 0.167 lb powder per ton. 
In a block 320 ft long, stope de- 
velopment, comprising 2 raises be- 
tween levels, 4 sub-drifts, and 8 
“pull holes,” amounts to 2 210 ft 
and develops 93 tons of ore per ft. 
Working in wide ore. Where the 
orebody exceeds 40-ft width, sub- 
level stopes 40 ft wide are carried 
across the orebody, with 40-ft pillars 
between them, as in Fig 271. From 
a main-level drift D in footwall, 
20-30 ft from the ore, crosscuts C 
are driven under center lines of 
stopes. Manway raises R are driven 
from footwall drift to mam lev^el 
above, paralleling the footwall and 
along center lines of alternate pil- 
lars. At 40-ft vert intervals, sub- 
level drifts /S are driven from a man- 
way raise to center lines of adjacent 
stopes, along which 4 by 6-ft sub- 
level crosscuts L are driven to hang- 
ing wall. At 40-ft intervals along 
main-level crosscuts, “pull hole” 
raises P are driven to first sub-level 
crosscut. From the last “pull 
hole” in a crosscut, an inclined 
raise H is driven to hanging wall 
and thence along the wall to the 
main level above. S toping starts by 
breasting out the ore to the pillar 
lines on first sub-level and funneling 
the “pull-hole” raises, as in Fig 271, 
beginning at hanging wall and work- 
ing toward the foot. Starting at 
second sub-level, hanging-wall raise 
H is widened to full width of stope 
between first and second sub-levels, 
benches are developed, and mining 
proceeds as described above for the 
longit stopes. In 1929, no pillars 
between sub-level stopes had been 
extracted, but pillar recovery by 
undercutting and breaking with 
long holes (up to 120 ft, with sec- 


tional steel) was anticipated. Ad- 


vantages of sub-level stoping over previous shrinkage methods are reflected in the 


accompanying costs per ton for 
stope labor for year 1928. 

Home mine, Noranda, Quebec. 

Data from H. M, Butterfield and 
E. Henderson (120) in 1934, and 
from O. Hall in 1937 (121). Supple- 
mentary information was generously 
contributed by the management in 1938. Sub-level stoping is applied to principal, or 
“H,” orebody, a large, irregular, generally vert body of massive sulphide carrying values 
chiefly in copper and gold, occurring as a replacement of brecciated rhyolite. From 


Cost of Stoping Labor, Burra Burra Mine 



Drilling in 
stopes 

Blookholmg 
and loading 

Total 

Sub-level stopes . . . 
Shrinkage stopes . . 

$0 094 

0 128 

$0 079 

0 144 

$0 173 

0 272 
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depth of 500 to 1 200 ft, and from 1 500-3 000-ft level, orebody averages about 1 000 000 
tons per 100 ft of depth. It narrows like an hour-glass near the 1 250-level and widens 
again at 1 500-level. Portion above 1250-level is called “Upper H“; that below, 
“ Lower H.“ These main portions aver about 600 ft long, varying in width from 
40-540 ft. Ore is unusually strong. General development. Mine is served by 3 vert 
shafts; one, near the center of “H” orebody, is used as a service shaft, other two, in 
country rock, are for ore-hoisting. Level interval is 125 ft below depth of 600 ft. Main- 
level drifts are 7.5 by 8 ft. Stopinq. 


A modified form of sub-level stoping 
was used in mining “Uppei H” ore- 
body. Main difference from usual 
proceduie is that raises, on 40° incline, 
take the place of sub-level drifts or 
crosscuts. Method was originally de- 
veloped by E. Hibbert and employed 
at the Mother Lode mine, Green- 
wood, B C, Bib (207) and p 586, 2nd 
edn of this book. Fig 272 shows 
general plan of work. Orebody was 
divided into vert stoping panels 46 ft 
wide, separated by 35-ft pillars. From 
a haulage drift, usually within the 
orebody, inclined chute raises were 
driven on center lines of both stopes 
and pillars, and grizzlies installed, as 
at G. From each grizzly, a raise R 
was driven at an inclination of 40° to 



a height set as a limit of the particular 
block for which it was to serve, about 
190 ft in Fig 272. From the back of 
this raise, at 26-ft centers, 6.5 by 7-ft 
raises S were driven on 40° incline to 
intersect raise T from a level above, 
parallel to raise R and marking an- 
other limit of the stoping block; in 
Fig 272, raise T is about 150 ft from 
R. Purpose of raises S corresponds 
with that of sub-level drifts in the 
usual sub-level stoping. Other stoping 
blocks above, separated from each 
other by inclined pillars, were similarly 
developed. Fig 273. About 30 miles 
of raises weie driven in developing 
“Upper H“ orebody. liaises R and 
S in the stoping iianels were later 
widened by slabbing rounds to full 
stope width of 46 ft. Assay sections, 
from sampling raises during driving, 
afforded an accurate outline of the 
orebody and full knowledge of the ore 
grades. These data, together with the 
great number of working faces, permit- 
ted close control of grade during the 
widening of raises and also in subse- 
quent bench mining. The numerous 
working faces also afforded easy con- 



tiol of tonnage. 

This mode of stope development was followed by underhand mining of the blocks of 
ore B (Fig 272) between the widened raises of the stope panels. General stope face was 
carried in inverted steps, benching on the face of each block being done m advance of that 
on face of next block above. At first each face was mined in 2 cuts, as at (7, by down holes 


with jackhammers, the miners having to wear safety belts. Later jiractice was to break 
the faces with a single cut, by drilling long holes from beneath, using jointed drill steel. 
(This method would seem to require carrying general stope face parallel with raise iJ, 
rather than as shown in Fig 272. Author.) 
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like drifting in rock. For mining strong, low<grade pillars next to well compacted fill, a 
method resembling sub-level caving (Art 75) has been devised: blocks are mined from top 
downward, removing about 30% of the interior of a block; upon simultaneous blastmg 



Fig 274. Sub-level Sloping, “Lower Orebody, Horne Ivlme, Noranda, Quebec 




Main banlacrc level 





of the rest, the fill caves in on top of the broken ore as it is drawn out. When removal 
of one block is completed, the next block below will be attacked. In higher-grade ore 
and under less ideal conditions, 
filling methods (Art 59) , square- 
sets (Art 45), or top-slicing 
(Art 70) may bo employed. 

The more usual form of sub- 
level stoping 18 employed in 
“Lower H’’ orehody, with 
lifts of 250 ft. This oiebody is 
divided by 1 longit pillar and 4 
transverse pillars irrto 10 stop- 
ing segments, generally 60 ft 
wide (Fig 274). All pillars ex- 
cept 2 are 40 ft wide; shaft 
tnllar and 1 other, 60 ft. Level 
pillars extend 50 ft above and 
25 ft below levels, giving stope 
height of 175 ft (Fig 275). 

Main-level drifts are parallel 
with and near a pillar line of a 
stope section. Chute raises 
(Fig 276) are 30 ft apart. 

About 25 ft above the haulage 
level, grizzlies, 16 ft long with 
20-in openings, are set crosswise 
of stope section ; inclined raises 
are driven from each end of 
grizzly to reach the stope floor 
at the pillar lines. At stope-floor elevation, a drift A (Fig 276) is driven along a pillar line, 
breaking into the grizzly raises on this side. From this diift, beginning at the contact end 
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Fig 275. Side Elev, Horiz Sab-Ievel Stime, “Lower H” 
Orebody, Horne Mine, Noranda, Quebec 
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of the stope, the stope floor is breasted out across to the other pillar; the grizzly raises 
are coned out as they are exposed. During mining, the stope-floor undercut U is main- 
tained one drawhole in advance 
of stope face. A manway drift 
M, on center-line of the stope 
section, connects all grizzlies of 
a given stope. S topes are 
opened by 5 sub-levels, 35 ft 
apart vertically, each connect- 
ing with the central mam shaft. 

Original practice was to 
drive one line of sub-level drifts 
along the center line of the 
stopes, A (Fig 277). A raise 
was then driven the full height 
of stope, along the contact of 
ore and wall-rock, and con- 
nected with each sub-level. 
Stoping started by widening 
this raise to full stope width of 
60 ft. Benches, 10 ft wide, 
were next made by driving a 
crosscut or notch N (Fig 275) 
across the stope face at each 
sub-level. Benches between 
sub-levels were broken by 2 
rows of uppers and 2 rows of down holes, A (Fig 277). All holes in stope face were fired 
simultaneously by elec on Saturday nights, 
making a break 175 ft high, 60 ft wide, and 
10 ft thick; total, 8 000 tons. About 4 tons 
of ore were broken per lb of powder in 
primary blasting. Some secondary blasting 
was done on stope floor before the ore 
entered the raises to grizzlies; in blockhol- 
ing, miners worked under protection of brow 
of lowest bench. 

Recent practice of breaking benches is by 
“ring drilling.’' Each sub-level is opened by 
2 drifts along the pillars, B (Fig 277), in- 
stead of 1 drift through center of stope. All 
stope drilling is done from within these 
drifts. Using jointed steel, miner drills a 
half circle of holes, 12-20 ft deep, moves the 
bar back 6 ft and repeats. In massive sul- 
phide, about 50 ft of hole is drilled and about 
190 tons are broken per machine-shift. Holes 
are blasted with 40% gelatin dynamite, about 
0.2 lb per ton of ore. Advantages of “ring 
drilling” are that miner works in safe place, 
and drilling is a routine carried on as far in 
advance of blasting as desired. 

Drilling blast holes with diamond drill. 

Sub-level stoping is also used in mining, for 
flux, a body of hard, slightly mineralized 
rhyolite. Stopes are 105 ft wide, with sub- 
level interval up to 60 ft; otherwise, the plan 
is same as at B (Fig 277). Drilling is by 
diamond drill, as ground is too hard for satis- 
factory drilling of deep holes (sometimes 60 
ft) with usual drifter machine (see above). 

Light, “prospector” diamond-drill machine 
is used. About 30 ft of hole is drilled, break- 
ing 150 tons, per drill-shift. Powder con- 
sumption per ton is about same as in sulphide stopes, namely 0.2 lb of 40% gelatin per 
ton. For additional details of diamond drilling, see Bib (121, 616). 



mam rows to insure a clean break on the walls 
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Costs. Mr. 0. Hall (121) states (1937) that cost of ejcploration and development is 
about 30^ per ton. Cost of mining, exclusive of development, averages about 90fi per ton, 
as follows, stoping, 30^; grizzly blasting, lOfi; mucking and tramming, 14^; hoisting, 8^; 
steel and tools, 7^; rock drills, power and misc, 16^; total, 90^. 

Flin Flon mine, Manitoba. Data from M. A. Roche (565) in 1931, from Roche and 
J. P. Caulfield (566) in 1935, and W. J. Marshall (567) in 1936. Main orebody, of massive 
sulphide, contains Au, Ag, Cu, and Zn. Hanging wall is hard, fine-grained greenstone, free 
from faults and schistose areas. Footwall varies from quartz porphyry to soft talc schist, 
and is somewhat flatter than hanging wall. General dip, about 70°. Width of ore, from 
450 ft (including waste horses) at the surface to about 40 ft on 900-ft level. Ore is very 
heavy and hard. A sub-level mining method is employed, with heavy equipment for 
scraping ore to loading chutes, and cages in service raises. Develop'ment. Mam hoist- 
ing shaft is vert, sunk in hanging wall about 500 ft from outcrop and centrally located in 
respect to orebody. Vert interval between main haulage levels, formerly 260 ft, is now 
520 ft. Fig 278 shows general layout. Haulage drifts, 10 by 10 ft, are driven in foot- 
wall, parallel to orebody. Crosscuts, 10 by 10 ft, are generally 250 ft apart and driven 
far enough into hanging wall to allow room for ore trams. Crosscuts are usually on center- 
lines of 40-ft pillars between stopes. Service raises, driven 20-30 ft in footwall, are on 
center-lines of pillars; they may be vert or inclined to conform with dip of orebody, and 
are equipped with cages. From each crosscut, a raise is driven at a point near center 
(crosswise) of orebody to 12 ft above the roof of crosscut. At about 6 ft above the roof, a 
36-in manganese-steel grizzly is built across the raise. Drifts S (Fig 278) called “scram 
drifts,” 10 by 10 ft, connect the raises; they are at a 5% up-grade to a point midway 
between raises. At intervals of 40 ft along the “scram drift,” 7 by 7-ft draw raises are 
diiven to bottom of the first sub-level which is about 46 ft above the back of the haulage 
level. Stoped ore drops through the draw raises to “scram drift,” in which a scraper drags 
tlie ore to the grizzlies for loading into cars beneath. The draw raises start from backs of 
single-round crosscuts, thus providing a brow to limit the height to which the broken ore 
can pile up m the scram drift, so the scraper can always pass over the ore pile and get 
behind it to move the ore. A raise at the longit center of stope is driven from the first to 
the highest sub-level of the block to be mined m one “lift.” Original lifts of 260 ft have 
been increased to 520 ft. Stopes are developed by sub-level drifts, 5 by 7 ft, near center 
of orelx)dy and at 40-ft vert intervals. They are driven from the service raises in the 
jnllars. Stoping. When the draw raises are completed to first sub-level, they are coned 
out to connect with each other (Fig 278). Actual stoping starts on second sub-level, at 
the center raise. The ground around the raise is drilled and blasted through to the cones 
below, and the raise is widened laterally until both walls are exposed. While this is being 
<lone at the second sub-level, a 10-ft bench, from foot to hanging wall, is made on each 
side of the raise. These benches are then drilled with 2 rows of 6-8-ft vert down holes, 

5 ft apart along the bench and 18 m to 2 ft apart across it. Two successive cuts, each of 
12-ft holes, complete the vert slice to the undercut stope below. Working at the open 
ends of the second sub-level drift, the miners then drill horizontally to establish another 
10-ft bench from foot to hanging wall. When 2 benches have been completed on any 
sub-level, benching starts on the next sub-level above. This gives a sequence m which the 
benching from one sub-level is not more than 2 benches ahead of that from the sub-level 
above; hence, miners are protected from mining operations above them, and, at the same 
time, enough support is left for the overhanging oie, so that the men above can work in 
safety. Fig 279 shows a typical scram drift in plan and section. Double-drum scraper 
hoists with 150-hp motors are used. Scrapers are 84 in wide, arc type, made of manganese 
steel, and weigh 3 600 lb. Lead rope is 1.25-in, 6 by 7, plow-steel; tail rope, 1.25-in, 

6 by 19, plow-steel. Rope speed, 300 ft per min; aver load, 2.4 tons, per trip, or a capac 
of 307 tons, per hr for continuous scraping. Crew consists of 1 operator and 1 bulldozer; 
latter blasts down hung-up raises and assists operator. Scraper loads into 10-ton cars, 
spotted beneath grizzly. Lonq-hole drilling in stopes. W. J. Marshall (567) describes 
in 1936 an apparently successful experiment, in which the bench between 2 sub-levels is 
broken in a single cut by drilling holes about 24 ft deep, tapering from 3 in at collar to D/a in 
at bottom. Drilling is by drifter on a cross-arm between 2 vert columns. Holes usually 
dip about 70°; their spacing lengthwise of bench is 5-8 ft; rows about 4 ft apart. Holes 
are sometimes sprung before loading. Number of sticks of powder per hole is from 85 for 
an unsprung hole to 160 for one sprung 3 times. An aver of about 40 ft is drilled per 
machine-shift. In breaking 21 500 tons, an aver of 6.02 tons was broken per ft drilled. 
Cited advantages of long-hole drilling: (a) Elimination of mucking on benches. (6) Greater 
safety. In ordinary benching, second and third benches are sometimes dangerous for the 
men, due to narrowness of ledge, (c) No difference in break, compared with 3-bench 
method, has been noticed, (d) Lower mining cost per ton. 
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McIntyre mine, Schumacher, Ont (171). Waste rock is mined by sub-level stoping 
to provide fill for hori* cut-and-fill stopes described in Art 60. Block of rock opened for 





Fig 278. Typical Sub-level Stope, Flin Flon Mine, Manitoba 

miWevel stoping is 270 ft long, 110 ft wide, and 175 ft high (Fig 280). A 9 by 9-ft drift 
18 driven under center of block and a grizzly level driven 29 ft above rail. Sub-levels, 
6.6 by 5 ft, are 26 ft apart vert. End of block is opened first by a 24-ft shrinkage stope, 
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carried full width and height of block; thereafter rock is broken by vert holes drilled up 
and down from crosscuts or notches dnven across the block from the sub-levels. 

Mount Isa Mines, Ltd, Mount Isa, Queensland. Data from J. Kruttschnitt and 
V. I. Mann (500) in 1937. Ore deposits are replacements in zones of shearing and folding 
in a thick series of shales dipping 65-60°. Strike and dip of orebodies conform in general 



Fig 280. Mining Waste Rock for Filling, McIntyre Mine, Schumacher, Ont. 


thickness of 160 ft, permitting, in part, stoping across full width; usually, stoping is con- 
fined to a 32-ft band of ore along hanging wall and a 40-70-ft band along footwall. Upper 
part of orebody , largely oxidized, was mined by surface glory-hole (Art 99) ; sub-level method 
was used in sulphide ores below. General development. Mine is served by 2 main 
vert shafts and 2 auxiliary vert shafts. Main shafts are in footwall; one for service, 
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the other for hoisting ore. Level interval in original sub-level stoping was 200 ft vert. 
For new work, levels are 175 ft apart. Haulage drifts and crosscuts are 10 ft wide and 
9 ft high. Main-level development depends on stope lay-out; where width of ore exceeds 
75 ft, stopes run across the lode and are developed by crosscuts; for widths less than 75 ft, 
stopes are longit and served by drifts. 

Longitudinal stopes. Haulage drift is located centrally respecting the orebody at 
the stope-undercut. Length of stope and general procedure arc adjusted to width of ore 
and ground conditions; for widths of 6—14 ft, sub-level drifts are 30 ft apart and 7 by 5 ft 
in sec. Benches, 6-8 ft wide, are cut at each sub-level above the undercut and carried 
down with jackhammers until they break through to stope below. Usually, 3 such cuts 
are required, the last being 12 ft deep. Safety belts are worn by all men on the benches, 
the ropes being fastened in the sub-level drift above. Fig 281 shows plan of work in 
wider stopes, where ore is 75 ft wide. Stopes, 72 ft long, are limited on one end by a 25-ft 
pillar, through which a 5 by 7-ft service raise is driven on footwall between main levels, and 
on other end by a 20-ft pillar. Each stope is served by 2 sets of chute raises, each set 
comprising 2 inclined raises at right-angles to strike and driven from chutes opposite one 



Fig 281. Longit Sub-level Stope, Mt Isa Mines, Queensland (500) 

another. A grizzly, mnning crosswise of orebody and having 12 by 24-in openings, is set 
over each chute raise at 23 ft above main level. From outer ends of grizzlies, inclined 
raises on footwall side and vert raises on the hanging-wall side are driven to floor of the 
“undercut” level, 24 ft above the grizzly. A horiz slice 8 ft high (under-cut stope) is breasted 
out here, and tops of raises are “ belled,” but these operations are delayed until No 1 su}>- 
level is well advanced, to avoid premature breaking of bottom by heavy blasting in sub-level 
headings. In stopes approaching 75 ft wide, a narrow supporting rib is left along center-lino 
of undercut As a temporary pillar for No 1 sub-level. Sub-level interval is 27 ft; 2 drifts, 
“ center headings,” are driven on each sub-level. At the elev of these, a short crosscut A 
(Fig 281) is driven from service raise into the stope pillar. A drift runs from this crosscut 
to the pillar edges, and along each side thereof crosscuts B are driven to the ore limits. “Cen- 
ter headings” are 12 ft wide by 10 ft high. Crosscuts B later serve as points of attack 
in mining out a vert slice, or “ cut-off stope,” at the end of sub-level stope. Broken ore 
from center headings is scraped to cut-off raise C until headings advance to “ scraper 
raises ” D, which then become the mucking transfer. “Cutting-off ” operations at end 
of the stope at which mining will start are carried on concurrently with sub-level develop- 
ment, but timed to avoid interference with driving sub-level headings. Breaking ground 
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»♦ tonnatfc broken jx'r ring for No. 1 Sub-level = 372 tons 
** “ * “ No. 2 •* “ ==380 “ 


Fig 282. Ring-<irilling Diagram for Longit Sub-level Stope, Mt Isa Mines, Queensland 



Fig 283. Transverse Sub-level Stope, Mt Isa Mines, Queensland (500) 
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between sub-levels is done by “ ring drilling (Fig 282), starting after No 1 and No 2 
sub-level headings are completed. Work begins at the cut-off stope and retreats to the 
service-raise pillar. When a heading is ready for drilling, surveyors paint a center line 

along roof of heading, horiz elev lines 
along each side, and shoit vert lines 
on the sides at proper ring intervals- 
usually 4-5 ft. Machine mountings 
are 3.5-in columns, set midway be- 
tween 2 rings to be drilled, so that 
the arm, when clamped, is directly 
under and parallel with center line. 
Elev of arm is such that center-line 
of machine will be level with the elev 
lines on each side of heading. Each 
hole is drilled on a definite plan, the 
drill being set accui ately by a clinom- 
eter designed for tins purpose. Holes 
in bottom half of ring and those in- 
clined slightly above horiz are drilled 
with drifters; the others, with auto- 
matically rotated' stopers. Skilful 
miners average 60-90 ft of hole per 
drill-shift. Blasting is done electrically 
by special crews. Ring in hanging- 
wall heading is blasted with instan- 
taneous detonators, and the corre- 
sponding ring in the footwall heading 
with delay detonators, both connected 
to same circuit. Wooden spacer 
plugs, 1.25 in by 8 in, are inserted 
between sticks of powder for wider 
distribution. Blasting on sub-levels 
IS kept in step, so that no heading is 
blasted more than 4 rings in advance 
of heading above. Explosives aie 40 
and 60% gelignite, consumption being 
0.40 lb per ton in primary blasting 
and 0.027 lb in secondaiy blasting. 
In longit stopes, regularity of walls is 
essential for clean extraction by “ring- 
drilling.” 

Transverse stopes. Fig 283 shows 
layout of transverse 8to{)e, where level 
interval is 200 ft. Stopes are 30 ft 
wide, with 15-ft pillars; they aio 
opened in pairs, main-level cross-cut 
for serving both lieing driven on con- 



5' “ =358 

Fig 284. Ring-drilling Diagram for Transverse 
Stope, Mt Isa Mines, Queensland 


ter-line of pillar between them. The manway drift connecting grizzlies is common to 
both stopes. In Fig 283, the sub-level interval is 27 ft, as in the longit stopes, but the 
center headings are 10 by 10 ft, instead of 

10 by 12. Procedure in sub-level develop- Labor Distribution, Mt Isa. Man-hr per Ton 
ment, and in breaking ground by ring 
drilling, is similar to that for longit stopes. 

Fig 284 shows a 24-holo ring-drilling dia- 
gram. 

Operating data. For year ended June 
30, 1936, man-hours per ton for developing 
and mining by sub-level stoping about 
704 000 tons of ore were as in adjoining 
table. During same period, aver tons per 
manshift underground were 4.66. Explosive 
consumption was 0.96 lb per ton, 0.15 lb 
for development, 0.81 lb for mining. Timber consumption, 1.43 bd ft per ton. 

Summary. Following factors led to choice of sub-level stoping at Mount Isa: (a) need 
of a low-cost method, owing to relatively low-grade ore; (b) desirability of allowing 



Develop- 

ment 

Mining 

Total 

Drilling and blasting. 

0 098 

0.456 

0 554 

Mucking . 

0 101 

0 159 

0 260 

Timbering and filling 

0.026 

0.055 

0 081 

Grizzlyrnen . 


0 043 

0 043 

Haulage and hoisting 

0 041 

0.214 

0 255 

Supervision . 

0 014 

0.062 

0.076 

General (underground) 

0 064 

0 379 

0 443 

Total 

0 344 

1 368 

1 712 
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development, stope preparation, breaking, and drawing of ore to proceed concurrently; 
(c) tendency of ore to oxidize rapidly, adversely affecting mill recovery, favored method 
in which accumulations of broken ore could be minimized; (d) safety factor; (e) need of 
eliminating, as far as possible, features depending on judgment and skill of miners, due to 
the comparative inexperience of most miners available; (J ) though laminated m structure, 
ore is hard and breaks in large blocks, thus making caving methods unsuitable. 

Champion mine, Mich. For sub-level stoping, with filling, at this mine, see Art 63. 

44. SUMMARY OF OPEN-STOPE METHODS 

Applications. Open stoping methods, described in Art 29-43, are designed for widely 
different conditions of dip, width of deposit, character of ground, and grade of ore. Gen- 
eralizations, applying to all types of open stoping, are difficult, but the following principles 
apply: (a) low-cost mining by open stoping is sometimes possible through sacrifice of 
part of the deposit in permanent pillars; then the method is applicable to low-grade 
oiebodies not warranting higher-cost methods in any circumstances; (6) possibilities of 
selective mining vary; on steep dips they are usually limited to the leaving of low-grade 
areas as pillai’s; in thin deposits on fiat dips a high degree of selectivity is possible; 
(c) underground sorting of ore is possible in flat deposits, but only to a limited extent on 
steep dips, especially where widths exceed economic length of stuUs; (d) use of open 
stoping usually presupposes strong ore and strong walls, except in thin deposits of flat or 
moderate dip that can be worked by a reti eating system, as at Calumet & Hecla (Art 39) 
and Pilgrim mines (Art 35) ; (e) methods are usually limited to tabular deposits with 
regular, well defined walls, but are sometimes used in large, massive deposits with irregular 
w'alls, as at Horne mine (Art 43). The following comparison of underhand and overhand 
methods applies in part to breaking ground in any stoping method, and in part to open 
stopcs in veins; it also draws attention to factors to be considered m planning open-stopo 
methods in other types of deposit. 

Underhand methods. Advantages: (a) all drill holes are down holes; this is advan- 
tageous for hand-drilling and permits efficient use of hand-held jackhammeis, with 
resultant simplicity in drilling; (6) miners stand on ore while working, which may be 
safer than overhand stoping in nairow veins of weak ore with strong walls; (c) underhand 
methods, where applicable, require less timl>er than overhand, (d) in geneial, loss of 
fines IS less in underhand tlian in oveihand work. Disadvantages, (a) danger, because 
men w'ork under inaccessible backs and walls, the height and area of which mciease as 
stop<^> is extended, and loose pieces may fall; (h) due to above conditions, the level inter- 
val must usually be smaller than for overhand methods; (c) facilities for storing w’^aste 
in slopes are poor; (d) broken ore from face collects at a single point, which may interfere 
with economical handling. 

Overhand methods. Advantages (not indicated above): (a) miners work near 
back of stope, wheio they can examine face carefully and take down loose ground, and 
are not exposed to danger from pieces falling from a height, (6) waste or oie is readily 
stored in slopes; (c) a greater variety of working plans is available than in underhand 
slopes and any tyjie of machine drill may be used, (d) an open, overhand method may be 
changed to a stiuarc-setting, shrinkage, or filling method, far more readily than underhand 
stoping; (e) gravity aids in breaking ground; (/) broken ore slides down the dip under the 
impetus of blasting; this allows handhng of ore to the level below without mechanical 
devices on flatter dips than is possible in underhand slopes. Disadvantages are largely 
the converse of advantages of underhand; in addition, support for men is necessary in 
overhand slopes on dips over about 40'’, whether required by walls or not (Art 93). 


TIMBERED STORES 


The term “timlxjred stope” is used here to denote slopes in which timbering is the 
dominant feature of the method. Stulled slopes (Art 38, 39) are types of timbeied stope. 

46. SQUARE-SET METHOD 

Square-sets were first used in the U S in 1860 by Philip Deideshoimer, at Ophir mine, 
Comstock Lode, Nev. In early days, the method was often called the Nevada square-set 
system. 
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Description. The stope faces are advanced by successive small excavations, each 
timbered before the next is begun. Timbers in adjoining sections are framed into and 
mutually support one another, forming a continuous structure of horiz floors, composed 

of rectangular frames sup- 
ported at their corners by 
POSTS (Fig 285) . One pair 
of parallel horiz timbers 
are caps, those at right- 
angles to caps being girts 
(ties, braces or collar 
braces). Posts, about 7 
ft high, are 5-6 ft apart c 
to c, both cap wise and 
girtwise. Caps are often 
stronger than girts, the 
principal function of girts 
being to hold the posts in 
position. In veins, caps 
usually have their long 
dimension at right-angles to the strike; in masses, in the direction of max lateral pres- 
sure. Square-sets support men and broken ore, as well as the stope walls. Lowest floor 
of a stope is called the sill floor; this may be level with bottom of haulageway (Fig 287), 
or at a higher elev (Fig 289, 293). Highest working floor is the mining floor and next 
below is the shoveling floor, made by laying planks across caps or girts (P'ig 285). 
Above the sill are the Ist floor, 2nd floor, etc. The first set erected on any floor is a 
raise set; it has 4 posts, 2 caps and 2 girts. First set in a new row on a floor is a lead 
SET, requiring 2 posts, 2 girts and 1 cap, or 2 posts, 1 girt and 2 caps. In working alongside 
of sets in place, side sets or corner sets are used, consisting of post, cap and girt. 
When a stope is well opened, nearly all sets added are corner sets (Fig 286). Open 
SQUARE-SET STOPES are those in which the sets alone are relied upon to support the walls; 
in FILLED SQUARE-SET STOPES, waste filling is used for added support. 

Breaking ground in square-set work follows general overhand practice (Art 26-28). 



Fig 285. Square-set 
Timbering 


Fig 286. Diag of Square-set System 


46. FORMS OF SQUARE-SET STOPES 

General. Some stoping methods are based upon the use of square-sets, in others 
their use is incidental. When waste filling is used, the stope is the same as the corre- 
sponding form of untimbered filled stope (Art 60-65), except for the use of square-sets as 
temporary support before filling can begin. There is a similar correspondence between 
an unfilled square-set stope and an open stope of same form. 

Occasionally square-sets are used in open overhand unfilled stopes, chiefly to provide working 
platforms, as at New Idna mine, Calif, where ore is over 10 ft wide, with steep dip. Nearly all 
square-set timber is reclaimed and reused until worn out (320). 

Mining large, weak deposits by square-setting usually requires a division of the orebody, 
between any two levels, into stoping blocks of limited horiz area. Such stope work is 
called a block system. Size of blocks is adjusted to strength of ground, so that work in 
any block is rapid enough to avoid excessive press. This sec tionali zing is sometimes done 
by dividing orebody into alternate stope and pillar panels (see Frood mine, below) , mining 
of pillars followmg completion of stope panels on both sides. In other cases, small blocks 
are stoped and filled; then corresponding blocks are mined alongside (Fig 287). Individ- 
ual blocks may be mined by any form of square-set stope described below. Development 
REQUIREMENTS Vary with type of stope. A drift, either in wall or in orebody, is a pre- 
requisite to opening the sill floor. In wide orebodies, there may be a grillage of drifts and 
crosscuts. At least one raise to the level above is usually necessary in each stope, for 
ventilation and handling timbers and filling, 

a. Flat-back or Stepped-face Overhand Stope 

Anaconda Copper Mining Co, Butte, Mont. Data from W. B. Daly, Mgr of Minos, 
in 1939. Copper ores occur m complicated vein systems; stoping widths, 4-109 ft, 
usually 10-30 ft; dips generally steep; country rock, commonly granite. Principal 
gangue mineral is quartz, with pyrite and blende. Numerous faults cause sloughing and 
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squeezing of walls. Closely filled flat-back square-set stopes are used where square-set 
rill stopes or horiz (flat-back) cut-and-fill stopes (Art 60), or ordinary filled-rill stopes 
(Art 65) are not applicable. 

In narrow veins the level interval is 100 ft or 200 ft; levels usually driven in the vein. 
Drifts are timbered with square-sets; offsets into footwall are usually made at every 6th 
and 6th set, to be used later for chutes and manways. When drift is far enough advanced, 
2-compt raises to the level above are started in every 3d or 4th offset. When 2 adjacent 
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Plan on Sill Floor 

Fig 287. Block System (diagrammatic) ; numbers show order of mining blocks 

raises are up far enough, the first 2 stope floors between them are mined and timbered, 
ore being handled through stop boards into cars on level. Sheeting of small stulls laid 
on sheeting caps is then placed over the drift caps, and a temporary floor of 3-in lagging is 
laid over caps of second floor; then intermediate chutes and manways are built. Stope 
13 now carried up with a stepped face, a new floor being started when floor below passes a 
chute. Waste, from sorting in levels above and sometimes from inclined raises in foot- 
wall, is kept within 1 or 2 sets of back. Fig 288, from Gardner and Vanderburg (189), is 
a longit sec of a square-set stope m a narrow orebody at Butte. The mode of advancing 
the stope face typifies general practice in square-set stopes, applicable to wide orebodies 
as well as to narrow veins. Fig 288 shows the introduction of waste filling, but otherwise 
depicts open stopingwith aid of square-sets; it would also represent a section of a trans- 
verse stope carried perpendicular to the strike in a wide orebody. 

Argonaut mine, Calif. Fig 289 shows a narrow, square-set stope for which filling is 
obtained by mining wall rock. In such cases, raises to the level above would be unneces- 
sary, but are advisable for ventilation and safety. 

McIntyre mine, Schumacher, Ont (171). For description of geol features and mining 
by horiz cut-and-fill, see Art 60. Flat-back square-set stopes are used for mining heavy 
ground, especially where ore is wide. Sets are of cap-butting type, to resist side press. 
Posts are IQ-ll-in squared rounds, 8 ft long; caps, same size timber, 6.5 ft long; girts, 
7 by 9-in squared, 4 ft 11 in long. In mining wide areas, timber cribs placed on the fill 
and blocked to back as auxiliary support are largely used. When blasting, sets are rein- 
forced by diagonal timbers and added temporary posts imder caps. Breast holes 10-12 ft 
deep are drilled, and blasted with max of 2-3 sticks of powder. Chutes are 50 ft aoart 
I — 1« 
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and lined with 3>in plank; fill-raiees, 300 ft apart. Ore and fill are handled in l>ton cars 
on 16-lb sectionalized track, with turntables instead of switches. 

Frood mine, Sudbury, Ont (49, 93). Data from H. J. Mutz, Supt of Mines, and 
others of staff of International Nickel Co of Canada, in 1930, 1937. Mining method here 
illustrates square-setting in large-scale work; a “block” system is used; individual stopes 
are flat-back overhand stopes. Orebodt is in a brecciated zone in altered sediments and 




intrusives. Metallic minerals, chiefly pyrrhotite, pentlandite, and chalcopyrite. Outcrop 
extends more than a mile, and is over 600 ft wide m places. Mineralization is relatively 
weak in upper part of orebody, but intensifies at depth to massive sulphides, 40-200 ft 
wide. There are occasional lenses of quartz-diorite within the massive sulphide. Dip of 
ore averages 65°; walls, irregular. At depth of 2 000 ft and below, ore is rich enough to 
require a method allowing selective mining and high extraction. Development. There 
are 2 vert shafts sunk from surface in footwall, and an inside vert shaft, to handle men and 
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materials below the 2 800-ft level. Level interval above the 2 800-level is 200 ft; below it, 
160 ft. On each level a main crosscut is driven through the orebody, and from it a 30-ft 
raise is put up in ore. At this point, a 4 by 6-ft drift is driven the full length of ore zone. 
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Fig 289. Obtaining Waste Fill from Hanging Wall, Argonaut Mine, Calif 

From this drift, at intervals of 80 ft, horiz diamond-drill holes are driven at right-angles to 
general strike, to determine the ore outline. Information thus gained permits careful 
planning of level development, which, as shown in Fig 290, comprises a main haulageway 
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fir sets, spaced 6.6-ft centers. Before stoping starts, back of drift is raised to height of 
16 ft and a second floor, or “gangway,” is timbered with square-sets having 10 by 10-in 
posts, 6 ft 10 in long. Chute pockets are built at gangway elevation; planking over drift 
sets provides footing for loaders. Stoping. Mining began below 2 000-level. Horiz 
cut-and-flll method (Art 62) was first tried. Stopes 45 ft wide were carried from foot to 



Vert Longit Sec of Stope 



Plan 

Fig 292. Plan and Sec of Stope, Frood Mine, Sudbury, Ont 


( set” measure, 5.5 ft), see Fig 291. Larger pillars (“return-air-raise pillars”), each 
corresponding in width to a 5-set stope and 2 S-set pillars, are left between the blocks. 
The return-air raises in these pillars are 7 by 17 ft cross-sec. Stoping details. Distinc- 
tive feature of Frood method is use of long girts in stopes. The standard square-set is 7 ft 
^d 5.5 ft square, c to c of posts. Girts run at right-angles to pillar lines, or in 
mrection of strike. Long girts give a post-spacing of 11 ft, or twice that of standard sets. 
Fig 292 is a plan and section of a 5-set stope, timbered with sets S from foot to hanging 
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through the center of the stope and flanked on both sides by long-girt sets L. Bottom of 
sill floor of stope is 7 ft above the rail in the haulage drifts. Cut starts by driving a 6 by 
7-ft crosscut at this elevation, along center line of stope, from a gangway and extending 
to both walls. Ore is breasted with light drifters, drilling 9 to 11-ft holes 2.5 ft apart. 
Broken ore is scraped with 10-hp, double-drum hoists, directly into cars m haulage drift. 
First cut, about 8 ft high, is timbered with 8-in jack-pine sets placed to correspond with 
haulage-drift timbering, posts being 5 ft 8 in long. Where chutes are to be located 
10 by 10-m B C fir is used. 

Sets are kept within 10-15 ft L . 

of face, lagged booms protec- 
ting workers at face. During 
silling operations, a waste 
raise near hanging-wall end 
of stope is driven to connect 
with the hanging-wall drift 
on level above ; raise contains 
a cribbed manway, serving 
later for lowering supplies 
into stope, for a travelway, 
and for ventilation. Before ' 
first fill IS introduced, bottom 
of first cut IS floored with 
double layer of cedar plank, 2 
by 10 in by 10 ft, laid on 4 by 
10-in sills. Sets adjacent to 
pillars, on siU and all higher 
floors, are “gob-fenced'" (lag- 
ged) before filling. Chutes 
are established in every fourth 
set, lengthwise of stope. 

Manways are carried up along 
one pillar line. Regular cycle 
of stoping operations com- 
mences as soon as sill floor is 
completed. Stope progresses 
upward by successive horiz 
slices 7 ft high as shown in 
Fig 293. Operating cycle is 
accomplished by dividing 
work into 3 shifts, known as 
drilling, timbering, and nip- 
ping shifts. Dnlling-shif t 
crew comprises 1 stope boss, 

2 drillers, 1 timberman, 2 
shovelers, and 1 wasteman. 

Two miners drill and blast 
the 5-set breast in 1 shift and 
also do any necessary block- 
holing. Light drifters are 
used, dull steel is in sets of 
3-, 5-, and 7-ft lengths. From 
35 to 50 holes are required kr-SI 

for a 5-set blast; usual spac- ^ 111 I ^ 

ing IS 1.5 ft vert and 3 ft flp j -g 

horiz; upper row is inclined ^ 

15° upward. Explosive used ^ 

is 40% gelatin; 21/2 to 3 

sticks are required per hole; stemming of clay cartridges is used. Timberman on 
drilling-shift does miscellaneous timber work. Timbering-shift crew consists of 4 men: 
timberman, helper, blockholer, and shoveler. They re-blast any missed holes, stand 
and block new set, and, in general, put stope in shape for further drilling operations. 
On the nipping-shift a crew of 3 men, serving several stopes, deliver timber, steel, and 
other supplies to stopes in accordance with requisitions fiom shift bosses. Ore handling. 
“Wing-chutes" W, Fig 293, 1 set high, are built over chute raises; a grizzly of 60-lb rails, 
spaced 14 1/4 in, covers 5 sets on the shoveling floor at top of winged chute; for detail see 
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Fig 294. This arrangement reduces shoveling to extent that bulk of broken ore is barred 
directly through grizzlies. Filling. Waste fill is spread in 16-cu ft end-dump cars on 
18-in sectionalized track; track sections, 11 ft long, are easily laid or dismantled by one 
man. Fill is usually kept within 3 sets of toe of broken-ore pile. Chute construction. 
Vert chutes are spaced at 22-ft centers; sets are of 10 by 10-in B C fir. Plank lining has 
been replaced by “bricking.” Timber blocks, 8 by 8 by 13 in, are placed so that butt 
ends project 3 in into chute opening, other ends resting against outer chute lagging. Each 
row is staggered in relation to rows above and below, see Fig 295; all rows are wedged 
tightly against inside of posts, caps, and girts; whole lining becomes tightly wedged as tim- 
bers take weight and “bricks” become water-soaked. Chutes nearest footwall are offset 




toward footwall as shown at F , Fig 293, and H, Fig 295, to maintain efficient chute spacing. 
Hanging-wall chutes eventually become useless and are filled with waste on abandonment. 
Pillar mining. The 3-8et pillars are mined in two longitudinal slices, a l-set slice and a 
2-set slice. 1-set slice is mined first, by overhand stoping; 2-set slice is mined overhand if 
ground permits, otherwise by underhand stoping. Chutes at 22-ft intervals in 1-set slice 
serve for mining the remaining section. Manways in adjoining stope serve as manways, 
fill passes, and airways for 1-set block; 2 open sets carried in this block serve same pur- 
poses for 2-set block, 

b. Domed or P3rrainid Slopes 

Work is so arranged that the general outline of the stope back is dome-shaped or pyra- 
midal. They are commonly open stopes, and have been used in massive orebodies of both 
strong and weak ore under strong hanging walls. The arched back is partly self-supporting 
and reduces pressure on timbers. 
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Fig 296 shows this method at Centbnnial-Eubeka mine, Tintic, Utah, for mining an irregular 
chimney, 350 by 100 ft in cross-sec, dipping 45®, and over 800 ft deep. Walls were fairly strong 
limestone, but in many places ore could be mined with a pick. Level interval was 100 ft vert, with 
raises between levels near one end of orebody. Sets were of 8 by 8-in timber, with sills 2 sets long 
laid parallel to long dimension of orebody. Work on sill 
floor started at the raise, and when a square, 3 sets on a 
side, was completed, a 1st floor set was placed in the raise. 

Sill and 1st floor were then widened simultaneously, when 
the 1st floor was 3 seta square, the 2nd floor was begun, and 
so on. Crib bulkheads were necessary to keep stopes from 
caving (Art 51) (210). 

L. S. Cates describes similar work at Bingham, Utah, in 
irregular replacement orebodies (211). Ore was in shoots, 

50-200 ft wide, 100-300 ft long, and in places 600 ft deep; 
dip, 0°-90®. Open pyramid stopes were used only where ore 
was solid and hanging wall firm. Space for only one set was 
excavated in advance of timbering, hence, sills were 1 set 
long. From a drift near middle of orebody, a row of lead 
sets (Art 45) was extended longit through it. Sill floor was Fig 296. Domed Stope, Cross-sec 

opened from these sets to a width of 4-5 sets, then a row' of 

lead sets was begun on 1st floor, directly over those on sill floor. Widening on any floor might 
begin 4-5 seta behind the lead set. Each floor was kept 2, or better 4 sets, wider than that above; 
extra width aided in keeping broken ore on the floors. 



c. Rill Stope 

This form is designed primarily for use with waste filling. The stope back on any floor 
is 1 or more sets ahead of that on floor below; hence, general slope of stope face roughly 
parallels angle of repose of filling. The fill is distributed largely by gravity; planking is 
laid on the filling, and broken ore slides to chutes at the toe of fill. Except for the square- 
sets, the stope is same as a filled-rill or inclined cut-and-fill stope (Art 65). Examples: 

Butte, Mont. For ore occurrence and development, see Flat-back stopes above. 
Fig 298 shows an ideal longit sec of a timbered rill stope, opened up as in Fig 297. Data 


Rill -stope raise 


Note c 

This side of stope ready for fining. 

Waste Is thrown In from sorting Hanging wall 


chutes as long as possible. 


Section thru A-A 


Rill-stopc raise 



Lower drift A-^ 

Fig 297. Preliminary Development of a Timbered Rill Stope 


from H. L. Bicknell, W. B. Daly and others (534) in 1923, and checked in 1939 by officials 
of Anaconda Copper Mining Co. 

Method is used in veins over 10 ft wide, where back and walls will not stand in a filled- 
rill stope (Art 65). Level interval, 200 ft; drifts timbered with square-sets; at intervals 
of 11 sets, offsets 1 set wide by 3 sets long are made in footwall for raises and chutes. 
Drifts are made 2 sets wide every 500 ft, for a distance of 10 sets, to provide space for 
switches. Alternate raises (stope raises, Fig 298), comprising a central manway with 
chute on each side, are carried up in ore to within 30-40 ft of level above, whence they 
turn vertical to hole through at least 15 ft in the hanging wall on level above. As a raise 
passes the 1st floor, one set on each side is mined and timbered. After raises are up 
6 or 6 floors, the Ist floor is mined. All sets except those at chutes and manways are 
of round timber (Fig 337). Stopes 2 sets wide usually cover the width of vein. After 
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completion of 2nd floor, “center” chutes are built in the offsets half-way between the 
stope raises and cribbed to 2nd floor, and sides of the stope-raise sets are lagged. Fig 297 
shows right end of a stope in process of development to the form reached in left end. 
During development of the sloping stope faces, temporary slides convey ore to the 2nd floor ; 
waste is sorted out and piled on the floors. When the rill face has been formed in both 
ends of a stope, bulkheads and chute gates (Fig 297) are built in the stope raises above 
7th floor, and stope is filled with waste poured down the raises. This completes develop- 
ment. 2 by 10 or 12-in lagging is laid on top of the waste, so broken ore will slide to a 
grizzly over center chute. The 3d floor (7 sets long) is then mined and timbered. There- 
after, mining and filling proceed alternately in each end of a stope. Starting at stope 
face in each case, 4 sets are mined successively on 4th, 6th, 6th, and 7th floors, then 
3 sets on 8th and 1 set on 9th floor. This completes a “cut”; the raises are then lagged; 
that end of the stope in which this work has been done is filled, and the miners are trans- 
ferred to other end of stope, where the same operations are repeated. Fig 298 shows a 
stope after such a cut has been taken in each end. Mining proceeds until the top floors 



Fig 298. Timbered Rill Stopes after Development, as carried toward Upper Level 


are within 6 sets of the level above; then work is confined to the V until a level-pillar has 
been left, 6 sets thick and the full length of stope. This pillar is rained later, when drift 
above can be abandoned. Sorting is done at the grizzly, one of the center ohuU's Ix^ing 
used for waste. 

Lake Shore mine, Kirkland Lake, Ont (95). Data from W. T. Robson ami L. S, 
Weldon in 1936. Gold ore occurs in crushed and breerriated fault zones in comx>lox series 
of syenitic intrusivos and in a porphyry boss. Aver grade of ore in 1934 was 0.667 oz Au 
per ton. Ore zone on property is abr>ut 2 800 ft long. Mining n^ached ilepth of 4 .600 ft 
in 1936. Aver stoping width is 15-16 ft, but widths to 70 ft have Ixjcn mined. Cl(‘noral 
dip from surface to 4 600-Iovel is 82®, with local dips as low as 45°. Shrinkage sloping, 
first employed, was discarded because of excess dilution and ore left behind in local rolls 
or in parallel or branching leads; horiz and inclined cut-and-fill slopes were also trunl; 
bad ground eventually led to square-set, flat-back and rill stopes. I^KVEixirwFNT is by 
2 vert shafts, with levels 200 ft apart to 2 200-levol and 125 ft apart Ixihiw. Ix>vels are 
developed by drifts in the veins. Squake-set bili.. btopes. Drift is widened by slabbing 
to full width of ore for entire length of section to lie mined. Back is taken down to height 
of 16-17 ft above rail. Sill floor is timbered as in Fig distinctive feature of sill 

timbering is use of double caps, with longit stringers between them, which facilitate? reiilace- 
ment of timbers broken by pressure and aid in holding the level oj)©n when steirie Ixilow is 
being mined through; sill- floor timbering is designed to avoid breakage through pressure 
from walls. A centrally located, 3-compt raise (Fig 300) is driven to the level alxive. 
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timbered with square-sets, 8 ft high and 5 ft 4 m c-c of posts, 10 by 10-in squared'timber 
used for all members. Center compt of the raise is a manway, tlie outer ones are chutes. 
A double-nil stope is started from the raise, and carried to level above as a block 25 sets in 
length Fill is mtroduced to each half of stope through the raise A manway is earned 
at each end of the stope, next to stope chutes On completing the first sloping block, 
successive smgle-rill sections, 12 sets long, are mined The manway sets of the last 
completed section are used for conveying filling to the new section Ground is broken by 
flat holes drilled by mounted drifters A round consists of 12 6-ft holes, loaded with 



70% ^onii-gplatm dynamite General practice is to advance the nil 2, or even 3, cuts 
before falling P^ntire final face of a gioup of cuts is drilled, but not blasted until fill is 
introduced, thus iiermitting closer filling Purchased sand is used for fill Flooring over 
fill IS spiked to caps, giving a slope of 56® to surface of fill Crew of miner and helper do 
all work in a stope section, 20 11 tons are broken per machine-shift, powder consumption, 
0 725 lb per ton 

Ground Hog mine. Vanadium, N M Data from F W Richard (527) in 1930 
Ore, Pb-Cu-Zn, occurs in irregular lenses in a fault fissure intruded by diorite porph>Ty and 



Fig 300 Square-set Rill Stope, Lake Shore Mine, Kirkland Lake, Ont 

granodiorite dikes As post^minoral faulting cau'Mxl fracturing of ore and wall rooks, 
prompt support of ore and walls is nect^ssary Ore is usually massivo sulphide, mill feed 
runs ttlxnit Pb, ^ 5% Cu, 15% Zn, and 6 5 oz Ag per ton Width of ore is 3~25 ft, 
nomial to dip Aver dip, a^ut (>0® Devbi>oi»mknt is by vert shaft in hanging w^, 
intersecting vein at dOO-lcvcl, inclined winze m vein from 4(X)-lcvol serves for mmii^ 
below this horizon Main lov^els are 1(X) ft ajiart vert, sub-levels half-way between mai n 
levx'ls aid in distributing filling and make shorter lifts in laising Stulled raises are 80 ft 
apart Htopino Rill stopes arc used entirely For ore wndths less than 10 ft, filled 
nil stopes (Art 65) are used, with occasional timlier support, for wridths greater than 10 ft, 
•quaro-eot nils. Stopwg blocks are 100 ft long, with a raise at each end and m the middle. 


ire 
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Stoping starts by breasting to 
full width of ore on a main level. 
Floor sills of 10 by 10-in timber 
run from wall to wall and are 
covered by double 2-in flooring. 
In ore over 10 ft wide, square- 
sets are placed on the sills. Sets, 
6 ft sq and 7 ft high, consist of 
8 by 8-in posts, and 6 by 8-in 
caps and girts. After mining 
first floor above sill, the middle 
raise is widened and timbered 
one set wide across the vem and 
up to level above. On second 
floor, 3 lines of sets are taken out 
on each side of raise, from wall to 
wall; on third floor, 2 lines of 
sets ; on fourth floor, 1 line. This 
forms a pyramid of unfilled sets. 
Waste is then run in, filling sets 
close to the back; after which 
flooring is laid on fill. Stoping 
continues on either side of raise 
as desired until toe of rill is 
within 10 ft of next raise; 2 sets 
nearest the raise are carried flat 
to furnish shoveling and sorting 
platform. For method of stop- 
ing at the several stages, sec I'lg 
301. A few drill holes, blasted 
lightly, w'lll make room for a set; 
drilling IS with stopers or drifters. 
Stoping crew composes miner, 
timberman, and helper. On basis 
of all men underground, 1.68 ton 
of ore per man-shift was pro- 
duced in first 3 mo of 1930; 
explosive for stoping, 0.63 lb per 
ton. 

d. Vertical-face Stope 

Fig 302 shows former practice 
in open stopes at Bingham, Utah 
(211). For ore occurrence, see 
Domed stopes, al>ove. Htopo 
faces were vertical where hang- 
ing wall was heavy, and the 
nature and extent of ore were 
not known. A row of load sets 
A was first driven close to hang- 
mg wall, followed by row 
When l)oth were complete, stop- 
ing began at B, and sets were 
carried to hanging wall. Succes- 
sive vert slices were taken until 
the stope was worked out, or, if 
the weight became great, the 
stoiie was caved and a new one 
started alongside. Sills and caps 
were at riglit-angles to strike. 
Advantages (L. S. Cates) . (a) 
“There is always a solid breast 
of ore on one side of stope, 
which relieves press on timbers. 
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(b) Should Btopes cave unexpectedly, only the ore on floors and in chutes is lost, for a new 
stope can be opened by driving a row of sets on the sill floor, next to the caved stope, 
and carrying them up to the hanging as before.’* 

This method in filled slopes is illustrated at Bunker Hill & Sullivan mine, Idaho. 
Data here are retained from 1927 edn of Handbook. More recent data by U. E. Brown 
(212) in 1931 show no material change. Large irregular shoots of heavy galena ore, 
with little waste, occur in shattered quartzite; dip, about 40®. Stopes, 300-7(X) ft long 




Fig 303. Vert-face Stope, Ooss-aec 


and 40 ft ide, have been carried through lifts of 200 ft. Hanging wall and ore are heavy, 
and flat-back or 8teppe<i-face stopes expose areas of back too large for safety (214). 
Work liegins on a level. Fig 303 (215) ; a vert slice, 3 or 4 sets wide, is carried up under 
hanging wall and filled. The face is then advanced toward footwall by mining vert 
slices 1 or 2 seta wude. Waste filling and timbers are dropped through footwall raise C, 
and trammed to top fl(X>r through crosscut A, 1 set wide. Waste is distributed in stope 
by temporary slides, as shown. A new crosscut B is driven directly over A to serve the 
next floor, crosscuts for lower floors are not shown, each being abandoned as a new floor 



is opened. Fig 304 (S. A. Easton) is a plan of a narrower stope, worked up to 6th floor, 
showing the relation l>etween work on top and lower floors, and arrangement of tracks for 
handling filling. In some stopes, filling is dumped through a raise along hanging wall; 
but a footwall raise is preferable in heavy ground. Rock chutes to footwall drift (Fig 303) 
are 16-20 ft apart, cribljed or lagged chutes being carried up from them through the 
filling as stope advances. On abandoning the sill floor, a raise from footwall side of rock 
drift is made, a httlo steeper than the footwall, and branched at intervals to intersect the 
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ore at the upper floors. This raise serves as a chute when floors are advanced to footwall, 
and obviates necessity for transferring ore on an intermediate floor. This method is safe 
and provides prompt support for hanging wall. The sharp arch developed early in the 
Btoping stage, and maintained until level above is reached, greatly increases strength of 
the ground. Most of the weight of ore is carried by footwall. See also Bib (676). 


e. Underhand Sqnare-set Stopes 

Stopes of this type are unusual. Employed at Broken Hill South mine, N S W, for mining 
chain pillars, 30 ft thick, under large filled stopes. Mining is done in vertical slices, 1 set wide, 
from wall to wall; when 2 or 3 adjacent slices are complete, they are filled before more ground is 
opened. Work starts from top of a winze, by an excavation for the set L (Fig 305). This under- 
mines sets in a crosscut above, which are supported by a boom S. Set L is erected and caught up 
with a boom from the winze set (Fig 306). The 6 by 10-in crosspiece A supports the 2 cape and is 


FUled itope 




itself supported by boom B, which rests on C, its rear end being wedged under f) Dogs K tie 
poets F to caps and girts. After set L is blocked, the ground beneath is excavated, another set is 
suspended by dogs and process repeated until the filled slope below is reached. The boftom set is 
then blocked and boom B may be removed. By repeating these opeiations a .slice 6 ft wide (1 set) 
and 30 ft deep is carried across the level pillar Broken ore falls to and w handled on bottom floor of 
the underhand stope. Mining in the slice along.side starts from a lead set (.\rt 45), at one end of the 
top winze set. Work under old stope bottoms is difhcuJt and sonjctimes requires spiling It is 
found that timbers fail m slices over 60 ft long, for greater widths of lf>de the chain pillars arc sliced 
in 2 sections. Object of this method is to expose only small sections of old stope floors at one time. 



Sections 
about 25' sq. 
Sete5'x5’x8' 




Fig 307. Plan of 5th Floor 
of Underhand Hquare-set 
Stope, Briggs Mine 



HEEL END OF FRAME 
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Fig 308. Mode of Support for Underhand 
Square-sets, Briggs Mmo 


It is stated that, though slices are narrow, the 30-ft depth gives capacity and considerable economy. 
For details, see Bib (217). 


Briggs mine, Bisbee, Arizona. Data from R. H. Dickson and G. J. Young in 1023 
(679). Ore was copper and iron sulphides, overlain by irregtilar masses of barren sandy 
P 3 ^ite or brecciated quartzite. Overhand square-set stoping proved unsatisfactory, and 
the Briggs underhand method was evolved. Ore was blocked out by crosscuts and raises 
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into sections from 10 by 20 ft to 26 by 36 ft horiz, and extending to height of ore or to 
level above. Square-sets were 


^dypyiite Bwk tightly lugged 

\ Sets securely \ „ , , 

• 'tohack \ Side lagging 
\ when 
\ necessary 


Supporting 
cap and tie 
by bracket 
below 


Hanging^ 
by ttuUaand 
lagging 


6 by 5 ft by 7 ft 10 in high. 

The sections were mined in 
regular sequence around a 
central 2-compt raise (Fig 
307). The 3 sets cornering 
on the raise at top of the 
ore were first mined and 
timbered with regular square- 
sots; mining then started on 
the floor below. When a set 
was undermined it was sup- 
ported by the 2 triangular 
frames F (Fig 308. 309) ; by 
the 2 chains attached to dogs 
H, driven into the timbers 
and tightened by screwing up 
nuts N (Fig 308); and by 
light bent hangers K, tight- 
ened by wedges. These sup- 
ports transmitted the wt to 
the raise sets, or to sets that 
had been blocked into place; 
they were removed and reused 
after the set had lieen blocked. 

Stoping on top and succes- 
sive floors iirogreased down- 
ward (Fig 309), each floor 
being 1 set behind floor 
alx)ve; the ore fell to jehute 
below. When a section was 
fimshed it was waste-filled 
through a raise to level above 
tiofoie the adjoining section 
was mined, 

A modified method of 
underhand fwiuare-setting. 
the Ratterree, used for min- 
ing small sections of sulphide 
on' adjoining worked-out 
filled s(iuare-set or cut-and-fill slopes, was also developed hero (579). 



Suppotttng Mt 
by frame# as 
shown m 
^ Fig 308 


Fig 309. Briggs Method of Underhand Square-setting 

See also Art 67. 


47. HANDLING ORE, WASTE, AND TIMBER 
IN SQUARE-SET STOPES 

Ore is handled in flat-back stoi^es by shoveling directly to chutes, by transfer to 
chutes in htvrrow.s or ears, or by slides. Use of slides is desirable, but may be impracticable 

if close filling 18 necessary 



Fig 310. Use of Scraper in Square-set Stope, Park Utah 
Mine, Park City, Utah 


or if C4vreful sorting is im- 
IKirtant. Close spacing of 
chutes tends to low han- 
dling cost, but saving may 
1)0 more than offset by 
added cost of timbering. 
A primary purpose of 
wpiare-set rill stoping is to 
reduce ore-handling cost. 
Horapers are sometimes 
used m square-set stopes; 
Fig 310 (1S9) shows one 
application, at Park Utah 
mine. 


Floors are of 2 to 6-in plank, long enough to cover 1 or 2 seta; the shorter length is 
more convenient; flooring is taken up and reused; 2-in plank is too weak to stand heavy 
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blasting, and should be doubled, or protected by round lagging, or 3 or 4-in plank should 
be used. Insecure seating of flooring on caps or girts often causes accidents in square- 
set stopes. Cleats, 2 by 2-in, nailed along center-line of supporting members, r^uce 
danger of flooring slipping out of place. Floor plank should be laid so that shoveling is 
with the grain; for barrow work, planks usually lie across caps. Over filling, tight floors 
prevent loss of fines, which may amount to 5% and become important with high-gi ade ore. 
Canvas may be used under flooring, but has a short life. At Goldfield, Ncv, in high-grade 
ore, the shoveling floors were laid on 2 in of fine filling. On finishing a floor, the planks 
were taken up and swept. The fines below were skimmed off down to the caps and sent 
to chutes; this recovered all high-grade fines sifting through joints between planks (145). 

Chutes: (a) A cheap chute for filled stopes may be made by simply lagging the outside 
of a vert row of sets, but set timbers or lagging are apt to be broken by falling ore; such a 

chute is feasible only with soft oie. (5) 
The inside of a row of sets (usually the 
outside, also) is lined with vertical planks. 
This is common in both open and filled 
stopes. Thickness of lining (2 to 4 in) is 
proportioned to wear during life of chute. 
A double 2 or 3-in lining may be useti to 
secure tight joints, (c) Cribs of round or 
square timber, built independently or just 
inside of the sets, which may or may not \h3 
lagged outside. Independent chutes are 
useful for carrying through stopes at an 
angle to the sets. Chutes inside of sets act 
as reinfoi cement and offer strong lesist- 
ance to wear and pres.suro of filling, (d) A 
vertical row of sets is “bricked” with timber blocks. See Fig 295, also, IMack Hock mine, 



Art 90. 

Wear on chute linings is decrea.sed by offsetting to reduce veit drop. It is also lessened 
by keeping chutes nearly full. For chute gates, see Art 90. 

Grizzlies, of logs or square timliers or of rails set X 14 m apart, are often placed over 
tops of chutes to keep out large lumps which might block chute oi gate, 'fhey are 
especially important in this regard for single-compt chutes m filled stopes; they also 
reduce danger of men falling into chutes. 

Distance between chutes varies from 15 to 50 ft or more; it is closely ndated to cost 
and method of handling. Cheapest handling is furnished by slides or wing-chutes 
(Fig 311). In upper parts of stopes ore can be thus delivered to chutes 50 ft apart. In 
lower parts of stopes started with this chute interval, barrows are necessan . 

In filled stopes, the closer the filling to back of atoi>e, the smaller the aiea seived by a 
slide. At Leonard mine, Butte, in flat-back stopes, 50 by 25 ft in honz section, filling was 
kept 2 sets below the back; chute interval was 16 ft, about 50' h of broken oie could bo 
handled on slides (80). For economical handling, flat-back stopes usually require chutes 
closer together than those with inclined faces (see Rill Htoi>e, Ait 40). Though barrows 
may be used with any chute interval, their handling cost is high, increasing rapidly with 
distance. It is best to use slides as much a.s possible, and to shovel rernamdci of ore to 
chutes. Shoveling distance should bo kept down to 10 or 12 ft max, which requires chute 
intervals of 15 to 25 ft. 

Wing-chutes (slides) are sloping floors of 3 to 4-in plank, sinker! to the sets In 
Fig 311 the ore falls 1 set to sorting floor and thence is droppeni or shoveled to the slides; 
filling can thus be kept 3 sets lielow the back. If sorting is unnecessary, l>oth slides 
and filling may be moved 1 set higher. Slides may converge m 4 directions towar<l a 
chute, and many variations are possible; see Fig 294; their use does not cntirel> rdiminate 
shoveling. 

Pockets or bins for storage are sometimes used in oix*n square-set stoiH's. Th(*y aio 
made by putting lining around from 1 to 5 sets, terminating at the Ixittom in a chutr'; 
they may extend through the whole height of stope. Pockets reduce shoveling distances, 
and may obviate necessity for wing-chutes. 

Access to open square-set stopes is by ladders from level below. In filled stopes, 
there may be a raise to level above, or chutes built to include 2 rows of sets, one of these 
compartments being a manway. In heavy ground, these are harder to keep open than 
single-compartment or “blind” chutes, but the manway is not only a traveling way 
through filled sets, but facilitates repairs to the ore chute and clearing it when it clogs. 

Filling may be obtained in part from sorting, or from breaking waste or low'-grado 
inclusions in the orebody; see also Fig 289, Argonaut mine. For running in filling from 
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outside sources, a raise to the level above is necessary. In fiat-back stopes, filling is 
distributed by shovels, barrows, or cars, depending on size of stope and distance between 
waste raises; in rill slopes, distribution is largely or entirely by gravity. 

Timbers are handled most cheaply when lowered or dropped through a raise from 
level above; 1 compt of a waste raise may be used thus. Lacking access to stope from 
above, timbers are hoisted from below by a windlass, or electric or air hoist. In filled 
slopes, TIMBER CHUTES are sometimes kept open through the filling by lagging and lining a 
vertical row of sets next to a manway or ore-chute; or a timber slide may be built in a 
corner of manway. 


48. DIMENSIONS OF SQUARE-SETS 

Horizontal dimensions. Table 38 shows that practice favors sets about 6 by 5 ft in 
plan, with floors 7 to 8 ft apart. 

C. T. Rice states (80) : (a) Posts should be far enough apart to give shoveling room; 
to allow for right and left-hand shovelers, they should be equidistant capwise and girt- 
whse. A clear space of 4.5 ft is about minimum for effic shoveling; hence with 10-in 
timbers, posts should be at least 6 ft 4 in centers, (b) Strength of ore limits max size 
of set, as the ground must stand unsupported over area of 1 set while timbers are being 
placed. Heavy press from ^veak ore may require smaller sets (see e). (c) Sets should 

bt' proportioned so that 1 round of holes breaks room for a new set, thus allowing prompt 
placing and blocking of sets. {<!) Latge sets arc desirable in reducing amount of timber 
per ton of ore, but, in large sets, timbers are heavier and cost more to handle, and a stope 
started \\ith a large post interval may V>ecomo unmanageable if the ground suddenly 
Ix'comes heavy, {e) Distance Ix'tween posts and the area of stoi>e floor arc related factors. 
By working stofies rapidly m small sei'tions. the pressure on timbers is reduced, thus allow- 
ing U.SO of larger sets and smaller timbers. (/) A compromise between all the factors 
usuallv limits the max spacing of posts to 6 5 ft and minimum spacing to 5 ft. 

Probably the distance iKdween posts could often be increased without overloading 
timliers In clo.sc‘-fillcd sto|H‘8, where the w'eight comes onto timbers from above and is 
tiansmitted to posts through lagging and caps, a comparison of relative strength and cost 
of sets of differcuit size can lx» made. 

Minimum height of sets for headroom is alwut 0.5 ft in the clear; in many mines, to 
allow for .settlement, posts are cut to give a clear 7 ft. Length and cross-sec of post must 
also b<' adjusU*<l to withstand pressures. 

At Bl^lH•e. .\riz. a retluction in pressure due to rapid work in small slopes allowed use 
of 8 by S and 10 by 10-in po>ts. instead of 12 by 12-m, and also an increase in height from 
0 to 7 5 ft Increiising length of i>osts efTccts no savnng in timber, unless the increase is 
sufTicient to save one or more complete floors in a lift Long posts probably increase cost 
of placing raps, guts, and blocking, enough to counterbalance the saving m timber. 

In ion, the Ariz C\)pi>or C'o lengthened posts from 0.5 to 9.5 ft; this increased the 
extraction yor from 179 to 250 cu ft of ore, and reduced total timbering cost 15%. 
CVushing stiength of ()5-ft ixists is so much greater than transverse strength of cap and 
girt, that an increase in height of post does not materially reduce strength of set. It is 
difficult to prevent long posts from swinging when pressure comes from the side (178). 

Size and strength of timber. As stated by E 1) Ganlner and W. Vandenburg (180), 
It IS difficult, or impossible, to estimate accurately the strength recpiired of square-sets. 
ICxpcriciic(‘ is the guide m selecting the kind and size of timlx'r for given conditions. 
Where tilling is us(‘d, nHpiirements of strength are usually temporary, because pressures 
an* e\cntually taken up by the fill. Henct*. many mines use rheafx*r timlx’r for square- 
sets than for use where more ix*Tmanent strength is required, as in shafts or on main-level 
wtirkings. of timlx^r preservatives may be justified m the latter case, but not in the 

former. On the other hand, use of 8quan*-sets in slopes tends to give a false sense of 
si'euiity, and strength rpipiiremonts should l>e jinlged accordingly; especially in blocky 
ground, where set-s may be subjeetcHl to sudden and heavy shocks. Tight side and head 
blocking tends to reduce this danger. 

49. FRAMING SQUARE-SETS 

General. The two general types of framing are “post -butting” and “cap-butting.” 
In either, variations in framing are theoretically without limit. Fig 312-337 show how 
widely practice has varied. Diver.sity of framing in early days was largely due to honest 
theorizing, but probably in part chargeable to desire for originality. Lack of standard- 
ization today is probably duo to tendency to follow custom. As far as possible, symmetry 
and simplicity in framing should bo sought. 
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Post-butting vs cup-butting sets. Early practice was about equally divided between 
tibese types. E. D. Gardner and W. O. Vanderburg (189) show that recent practice trends 
to more general use of cap-butting. Choice can not be based on theoretical grounds 
alone, because: (a) unit pressures in square-set stopes generally exceed safe bearing 
values used for ordinary timber structures and hence there is considerable crushing of 
the joints; (6) direction of pressure is rarely parallel to caps or to posts, and its exact 
amount is never known; (c) distribution of stress in different members of a set under 
eccentric loading can not be calculated, because joints are indeterminate and the members 
do not fit exactly. 

Strength of timber under compression across the grain is from 10 to 20% of its com- 
pressive strength parallel to the grain. In framing post-butting sets, the area of the 
post tenons is made 12 to 44% of area of the joint; in cap-butting sets, the area of cap 
tenons is 10 to 66% of the area of the joint. Hence, under pressures within the limit of 
safe bearing values, square-set joints are strongest in the direction in which the tenons 
butt. For such conditions of loading, post-butting sets should be used where the direction 
of max press is vert; cap-butting sets, where direction of max pres is lateral. Where pressures 
exceed safe bearing values, joints are compressed. In cap-butting sets, ends of posts bear 
entirely on wood in cross grain, and under vert press the rate of compression is equal over 
whole area of joint. In post-butting sets, under heavy vert press, the post tenons or 
HOBNS must fail before the crossgrain wood in caps and girts can aid in transmitting press 
to the post. As rate of compression is not the same in all parts of a joint, settlement in a 
Btope is often irregular. C. T. Rice cites evidence (218) to show that settlement is greater 
and more irregular in post-butting than in cap-butting sets, and that more auxiliary timbers 
are needed in the former to keep floors level. Hence, many engineers prefer cap-butting 
sets for heavy vert press, and practice is almost uniform in using them for heavy lateral 
press also, though arguments like the above indicate the superiority of post-butting sets. 
But, in heavy ground, filling follows mining closely and take-s most of the lateral press; 
the smaller and more uniform rate of vert settlement of cap-butting sets is a strong argu- 
ment for their use in such ground. 

Square-sets may also fail by “jack-knifing”; posts swing out of line and a girt or 
cap may drop, allowing adjacent seta to collapse. Hence, wide seats for girts and caps 
are desirable in cap-butting sets. In post-butting sets, wide seats are obtainable only by 
reducing size of the post horn. Long horns of small cross-sec are objectionable, as they 
break easily. With timbers over 10 by 10 in, post-butting sets with adequate shoulders 
and horns are readily framed. Sometimes, to give a wider bearing for either girt or cap, 
horns on posts are not of square section; they require a complicated framing machine. 
Girts are more apt to pull away from their seats under light than under heavy press. 

Empirical rules proposed for framing details: (a) length of the post horn should bo 
less than its least cross-sec dimension; (6) girts and caps should have a seat on the post 
not less than 2 in wide; a wider shoulder is desirable (218). Simple framing is best, 
especially for hand framing. Post-butting sets are generally simpler and cheaper to frame 
than cap-butting, but the difference is small when framing machines are used. Compli- 
cated joints resist distortion better, because of the numerous shoulders, but this advantage 
is doubtful, as corners are points of weakness at which crushing begins, and such joints 
are difficult to assemble if timbers have been even slightly crushed. Symmetrical 
FRAMING is best; costs less to place timbers when jxists can be set either end up; caps and 
girts should be so framed that either of two opposite faces may be placed upwards. 

Examples. Fig 312-319 show post-butting sets; Fig 320-327, cap-butting. Some of the mines 
mentioned are no longer active. In Fig 313 the post is unsymmetrical, with a 6-in horn at top and 
4-in at bottom; this secures a shallower mortise at top of set, which is easier to clean out and allows 
“flirting” the post (Art 52) if sets have swung out of line, long, slender horns make flirting of posts 
difficult. Another way to reduce length of horns of post-butting sets is to cut them of equal length 
and short enough to leave a “squeese-space” between them. In early days one theory was that a 
squeeze-space allowed a certam “give” when press came upon sets (189), the practice has lost 
favor, because squeeze-spaces permitted excessive settlement. Set in Fig 314 is simple and sym- 
metrical; post horns are short and strong; and dapped down on poet, so that the horn takes only 
part of lateral thrust. Some examples show unframed girts, with narrow seat on post , bearing on 
post should be broad enough to avoid the dropping out of girts in case of general movement of sets , 
use of one unframed member of a set cheapens cost of framing, but, as sawed timbers vary m cross- 
sec, unframed ends must often be dressed in the stopes. Instances of use of narrow girts are shown 
(as in Fig 321) ; practicable where girtwise press is slight, but narrow girts provide smaller support 
for floor iflank. 

Combination sets contain both round and square timbers; they are planned to avoid 
the difficulties incident to framing sets entirely of round timber. 
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Fig 328 is a cap-butting set, with round posts and square caps and girts. It is well designed, 
full strength of post is obtained, all members are symmetrical and the set is easily stood and rein- 
forced (152). A good shovelmg floor may be laid either cap or girt wise. Fig 329 is a similar design, 
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but with posts butting; its weak point is the slender upper horn of post, the bottom horn being 
only 3-in; it affords good shoveling floors. Fig 330 is a cap-butting set, with round post and girt. 
The bottom post horn is only 1.5 in long, on the theory that it is easier and quicker to stand a post 
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with a short horn (219). It requires an unsymmetrical cap horn, and the small round girt of this 
set precludes use of a floor laid girtwise. 

Round-timber sets. Simplest joint is made by first squaring the ends of timbers for 
a suflflcient length to avoid interference of their cylindrical surfaces at the joint, which is 
then framed as with square timber. This saves cost of squaring the whole log, an impor- 
tant item in hand work. Disadvantages: the joint utilizes a max of only 60% of cross-sec 
of the timber, and round timber weighs at least 40% more than square of equal joint 
strength. 


Fig 331, 332 show simple framings, open to the objections stated, also, they provide a poor seat 
for the bottom of the post. These sets can be framed m machines of the block type. 
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Fig 628. Arizona Copper Co, Morenci, Ariz 
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Bevel or miter framing (Fig 333-336) brings the entire area of members in contact at the joint. 
In general, the sets are hard to stand and block, and the bevels facilitate distortion under pressure 
if the sets once get out of Ime. Post, cap, and girt of a square-set must be firmly blocked when the 
other members are missing Many miter joints require blocking on top before they can be blocked 
sidewise, or else simultaneous blocking in 2 directions. Either caise increases expense and difficulty 
of placing. Fig 333 has a simple miter joint, to permit hand-framing of stunted, twisted timber; 
caps and girts are identical (209). Fig 334 is a hand-framed set, for heavy vert pressure; a 1-m 
squeeze-space is left between the post tenons, giving a cushioning effect said to prevent caps from 
splitting (221). It may be blocked in any direction, with some of the members missing. Fig 335 
IS a set designed by D. W. Brunton, in which end of post is beveled. It requires top blocking, to 
prevent riding of cap and girt, before it can be blocked sidewise. The square and bevel joint (Fig 
336) 18 the best bevel framing for cap-butting round-timber sets. It is easily blocked, and the cap 
18 the only member expensive to frame (222). 

The best framing for round timbers is the step-down set (Fig 337). It is made possi- 
ble by using the cutter-head saw, and costs little if any more than simpler types cut with 
block framers. Full strength of timbers is utilized, the square shoulders resist distortion 
and make for easy blocking, and ends of posts and caps are alike. A girt more than 10 in 
diam is seldom used (219). In general, better joints are obtained, in roimd-timber sets, 
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if posts and caps are approx of equal diam. Upper side of large caps is slabbed off, to 
give a fiat surface for flooring if laid capwise and to avoid interference with flooring laid 
girtwise. 

Round vs square timber for square-sets. Round timber is cheaper, has lower freight 
rates, and is stronger per sq in, because the outer fibers are uncut, but round timber is 
harder to handle and aline than square ; caps must be slabbed to receive flooring, though 
cost of slabbing may be offset by value of slabs, if used for lagging. Reinforcement of 
round-timber sets is difficult and expensive. Sound fallen timber, and some trees of poor 
grade, or too small to go to the sawmill, often furnish adequate square-set timbers at 
reduced cost (219). Square timber is best for sills. In some round-timber stopes, square 
timber is used for the levels, manways, and chutes, to cheapen work of reinforcement. 
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Square timber is preferred for chute-sets; it provides a flat face for spiking lining, and 
lasts longer in heavy ground than slabbed round timber. 

P. B. Scotland states that round timber is stronger either with or across grain than square timber 
of same cross-sec and material. There are no data showing comparative strength of round and 
square timber of equal diara (t e, 10 m diam and 10 in square). A few transverse tests on 6-ft 
pieces of Texas pine at Morenci, Ariz, showed equal strength for pieces 8 in square and 8 in diam, 
but round timber deflected more and gave more warning of failure than square under same load. 
A safe estimate is that round timber between 6 and 16 in diam is as strong in both compression and 
bending as square timber 1 in smaller on the side. Nonobservance of this relation in substituting 
round for square timber destroys the saving effected by cheaper cost of the round. 

Among 49 metal mines listed by Gardner and Vanderburg (189) in 1933, as employing the 
square-set system, 11 used round timber for all 3 members, and 10 others used round posts, with 
round girt or cap in 6 cases. 
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60. TIMBERING ON SILL FLOOR AND WALLS, 
SQUARE-SET STORES 

Sill-floor timbering (not always used) should be designed to give adequate foundation 
for the timbers above. Provision should be made for settlement, for reinforcing around 
traveling ways, for clearance between timbers at turnouts, and for supporting the timber- 
ing when the stope below breaks through. To meet these requirements practice varies 
with type of orebody, character of ore and walls, kind and size of stope, and speed of work. 

Sills. Fig 338 shows a complete system, consisting of long sills (stringers), mortised at intervals 
to receive post tenons, and braced apart by sill-ties (girts, spreaders, or short sills). Long sills are 
also called l-post, 2-post sills, etc, depending on number of posts they support. Sills are braced to 
stope walls by short pieces (butt-sills) cut to fit from sill-ties. Joints between long sills are usually 
made under posts, with butt or halved joints. For simpler framing, see Fig 339. Length of long 



sills depends on the ground: some ores will not stand unsupported over more than 1 set, thus 
requiring 1-post sills. In strong ground, convenience in handling determines max length, which 
usually covers 2 or 3 sets. Size of sills is from 5 by 10-in to 12 by 12-in or larger, depending on 
size of posts. 

Long sills, firmly braced, are good m open stopes, where the floor is in ore. Sills extending over 
2 or 3 seta will bridge a considerable opening, when the floor is subsequently mined, and are easily 
picked up on posts from stope timbering below Framing for sill-ties (Fig 338) prevents them from 
dropping out when this woik is going on. Wedging is relied upon to hold simpler framing (Fig 339). 
Sills distribute pressure and 

reduce settlement on a soft /2*'daP\ sj, 

floor. In open stopes, sills 
are covered w ith plank or 
poles for shoveling, in filled 
stopes, a floor prevents runs 
of filling mto stope below. 

Attempts have been made to „ „ 

set sills in line with corre- ^ 2-Post Sill 



spending sills on level above, 2"dnp . i 2''dap 2''dap , 

but it IS unnecessary, as stope ■■ / ^ ■ \ — 

timbers may swing 1 or 2 ft f \\ ^ \\ ® ] 

out of alinement before the — \ \ \\ — .1 

level above is reached. Size III 4 *6^- ■ -^17^ < LioCl, 

of stope and speed of work ^ 10^10^^ 

should be adjusted so that * 

sills will not rot before stope 10% 10^ 3-Post Sill 

from below breaks through. r-, ^ m t omi -o* v a • 

See Bib (224) for replace- Details of Stope Sills, Bisbee, Ana 

ment of rotted sills. Simple 

forms of sill often suffice. A 3-post sill of 5 by 10 timber is common for 10 by 10 posts, which have 
flat bottoms and are braced capwise by 2-in plank spiked on top of sills; light sprags brace the post 
and sill girt wise. 

Examples. Bisbeb, Ariz (practice in 1939, contributed by H. M. Lavender). Timbering 
of sill-floor sets depends on nature of the ground. If floor is waste, flat-bottom posts are usual, 


10 X 10 3-Post Sill 
Details of Stope Sills, Bisbee, Aria 


resting on small blocks with 4 by 6-in spreaders between the posts. If floor is ore, to be mined from 
below, general practice is to use regular caps and girts; 2-, 3-, or 4-po8t caps, and posts supported 
on special “ stope ” or “ mud ” sills, of 10 by 10-in or 4 by 10-in timber, dapped 2 in deep to take 
the poet’s 6-in square horn. Length of sills is for 2, 3, or 4 posts, and 5- or 6-ft sets; Fig 340 shows 
Bills for 2- and S-post, 5-ft sets. In very soft ground, even though the floor is waste, regular caps and 
girts are used with the special sills, as they afford better foundation for the sets above. Goldfibld, 
Nev. SiU-floor posts (10 by 10-in) have a flat bottom and stand on 8 by 10 sills; 2-in spreaders are 
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Spiked to sills between poets, but there are no braces between sills. Lateral bracing for feet of posts 
is furnished by a floor of 2 layers of 2-in plank spiked to top of sills (146). Butte, Mont. Amalga- 
mated Copper Co often omits sills (80). Flat-bottom posts stand directly on stope floor, or on foot- 
blocks; 4 by 10 spreaders brace feet of posts capwise, 2-in braces, girtwise. This practice is largely 
due to time required to level off rough points on stope floor, for placing sills properly. In some 
camps, sills are bedded on a layer of muck for quicker placing and because the muck protects them 
when the floor is ‘mined from below. Floor is sheathed with poles or old plank laid across the 
spreaders. Filling is well compacted by the time the stope comes up from below, and this type 
of sill floor is picked up as readily as if sills were used. Sills are omitted under round-timber posts 
also, though the latter are then difficult to aline. G. D. Moulthrop (219) states that, with round 
timbers, sills are often of 2-in plank, set to grade with a carpenter’s level and alined by plumb-bobs 
from centers of cai)s already in place. Sudbury, Ont. (Data from H. J. Mutz, in 1938.) Inter- 
national Nickel Co does not put framed sills under first-floor posts in Frood mine (Art 46). Where 
4 by 10-in sills have been used under posts, they have been so badly squeezed as to offer no 



Fig 341 Sill Flooring, Frood Mine, Sudbury, Ont 

support during mining of underlying ore. Present practice (Fig 341) is to stand square-bottomed 
posts on solid ore, lay 4 by 10-in sills between rows of posts, and cover these with 2 layers of 2-in 
plank. There is no difficulty upon coming up under sill floors thus prepared. 

Sill-floor posts are often longer than standard stope posts if tramming ways are to bo 
maintained within the sets (Fig 317-319 and 337). Posts should be long enough to afford 
enough headroom if settlement occurs, and to permit repair or remfoi cement of timbers. 
Posts along tramming ways may ber of greater cross-sec, or of stronger timber than stope 
posts. Generally, regular still-floor posts are used, and reinforced by added posts or 
doubling-up sets (Art 51). Such reinforcement is good insurance if there is possibility of 
excessive weight as stope progresses upward. 

Drift sets with battered posts are sometimes used for sill floors in narrow or moderately 
wide veins, with heavy lateral press, as shown in Fig 342 (219). Posts are selected timbers, 
14 to 23-in diam. The large batter (1 : 4) gives strength against side pressure and post- 
pones repairs. False caps, placed over the set caps, receive sheeting on which the filling 
rests; space between sheeting and caps aids in repairing or replacing timbers. 

At Leonard mine, Butte (Fig 343) (80), drifts, 1 set wide and sunk 1 set below stope 
floor, have been used. This simple plan reduces pressure on the level timbers, unless in 
very weak ore. Such stopes are somewhat harder to take up from below than those with 
flat floor. The level is called the sill floor, and the floor on which the stope is opened, the 
bedrock floor; sills are omitted on both. Sill-floor posts are 7 ft 11 in long and from 12-in 
diam up. Bedrock and stope posts are 7 ft 6 in long, 12 and 10-in diam, respectively. 
See also Argonaut mine, Fig 289. 
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(Fig 345). Use of the bearing block o, and depth of hitch depend on character of ground. 
Cap-sill (butt-cap or butt-brace) is used on flat dips or soft rock, to tie the foot of the post 
to stope timbers and distribute pressure from the post over a larger area thah that of the 
ground post. Short sets are common on hanging-wall side. Fig 346 shows a form used 
by L. S. Cates at Bingham, Utah (211). Cap o is not framed into post b, but is spiked to 
it and supported by a piece of 2 by 8-in lagging c, spiked to b. Lateral motion of the cap 
is prevented by a brace of 2 pieces of 2 by 8 lagging, spiked in place and reaching to next 
set. In soft ground, a good but rather costly bearing for sets is secured by cutting into 
the walls far enough to allow use of full-size sets at points where the dip requires an off- 
set in the floors. Angle sets (Fig 347), or half-angle sets (Fig 348), are for following 
the hanging wall and supporting lagging. Angle braces and sets may also be used to 
support sets on footwall (6, Fig 345). Details of wall timbering are varied locally. In 
open stopes, lagging may be used on either wall over areas of shelly ground. In close- 
filled stopes, area of walls exposed at one time is small, and lagging is rarely necessary. 
In block systems (Art 46) walls of blocks which will be exposed when adjacent block is 
mined are often lagged as the stope goes up, to prevent runs of filling; such lagging is often 
called “ fencing,” 

61. REINFORCING SQUARE-SETS 


Complete reinforcement was secured in the original Deidesheimer system by wall- 
plates and angle-braces (Fig 349). Some very large open stopes were thus made in soft ore. 

But no system of timbering will sup- 
port heavy rock pressures for any 
length of time. Wall-plates and 
complete angle-bracing have been 
discarded because of their cost; also, 
bracing interferes with traveling 
ways and chutes. 

Modern practice in heavy ground 
regards the timbers as temporary 
supports, final support being fur- 
nished by filling, kept within 2 or 3 
sets of the back. The need for 
costly reinforcement is further re- 
duced by rapid working in stopes of 
small area. Even with these pre- 

^ IX XT-.JU ax cautions, timbers fail or swing out of 

F.g 349. Complete Reinforcement. Deideeheimer Sy.tem reintorcement. Rem- 

forcing timbers are common on sill floors, where haulageways must be kept open under 
heavy press from filling in stope above (Art 50). Reinfoi cement is used also in open 
square-set stopes in amounts varying widely with local conditions. When such stopes are 
in strong ground, the sets serve merely to support slabs, and as staging for miners and 
broken ore; in that case, no reinforcement may l3e needed. 

Angle-braces or diagonal braces (Fig 350), either round or square, have no tenons; 
thin wedges may be used to tighten them, but a driving fit is better. 
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DIAMOND BRACE 

Fig 353 


Theoretically, the brace should be at right-angles to hanging wall; practically, this is impossible. 
Angle-bracee applied to sets tending to swing out of line are effective only in cases of incipient dis- 
tortion and light pressures. If used in the upper sets of open or filled stopes, they may cause caps 
or girts to ” ride ” off the posts when the sets above are unblocked by mining operations. Tenons 
on posts at the ends of an angle-brace must be strong. When timbers or joints begin to fail, modi- 
fied braces may be used, as the N-frame brace (Fig 361) or the N-frame set (Fig 352). The X-frame, 
or diamond brace (Fig 363) is uncommon. Angle-braces are also used to take weight off a post 
showing signs of failure (5, Fig 356) ; this is good for reinforcing drift posts on sill floors, as it does 
not decrease cross-sec of traveling way. The same bracing, with post b omitted, is placed over long 
cape at turnouts, or, with the post o omitted, it will take the weight of stope filling off center post 
of a hauiageway. ^ts thus braced are tbuss-sbts; their use on the 1st floor to relieve sill-floor 
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timbering is uncommon, as it involves keeping Ist-floor sets open. Truss-sets also support stope 
floors, where a post is removed to allow an angling chute to pass. 

Reinforcing posts, stulls, or helpers (Fig 354) are convenient for picking up failing 
ends of caps and girts; they are round or square; size, from a 2-in plank to a post. 

Doubling-up sets (false sets) are 3 or 4-piece reinforcing sets, like the N-brace (Fig 351) 
and N-frame (Fig 352) , with angle braces omitted. The timbers are usually of same size 
as set timbers, but joints are not framed. They may be used to stop distortion, instead 
of angle-braces; like the latter, they are inadequate for heavy pressure or bad cases of 
swinging. 

Cribs and bulkheads, next to rock filling, afford strongest reinforcement. Cribs, 
of round or square timber, are built between the posts of sets (Fig 355). They 
may be of timbers only, or filled with rock. Bulkheads, of criss-crossed timbers, skin to 
skin, are stronger than open cribs, but cost more. When used in open stopes to arrest 



REINrORCINQ POST CRIB TRU88-8ET 

Fig 354 Fig 355 Fig 356 


swinging or crushing, or to prevent runs of filling, the bulkheads or cribs extend from 
wall to wall and from floor to back. In close-filled stopes, trouble from swinging sets may 
be stopped by building one or more cribs 4 sets square, on top of the filled sets and rarely 
more than 2 or 3 sets high. Each layer of the crib is of 6 pieces equal m length to 2 sets. 
At Centennial-Eureka mine, Utah, continuous cribs, 1 set wide, were built at intervals of 
5 to 10 sets to support a domed stope (Art 46), about 100 ft wide by 350 ft long; they 
were of 8 by 8 timber and required about 1 300 bd ft per set. 


62. MISCELLANEOUS DETAILS OF SQUARE-SETS 

Fire protection. Some disastrous mine fires have started in square-set stopes. Care- 
less use of open lights and discarding of cigarette ends are common causes of fire; some 
mines prohibit smoking entirely or place limitations. Use of elec miners' lamps reduces 
the hazard. Clean, orderly stopes are safer from fire than disorderly ones. Filling reduces 
danger of fire spreading through square-set areas; but fire sometimes travels along lines 
of posts, caps, or girts even though surrounded by fill. Frood mine (Art 46) provides 
fire breaks by removing entire lines of girts concurrently with filling. Ability to control 
ventilation is essential feature for fire-control in any timbered mine. 

Crowning floors. Trouble from settling of timbers is not serious in low or narrow stopes, nor 
where the dip is such that sets are repeatedly offset along the footwall. In high, wide, \ert stopes, 
timbers settle considerably, and faster in middle of stope than along walls. These troubles increase 
with height of lift. 8mall movements are often met by special posts, 1 or 2 in longer than regular 
stope posts and kept in readiness. At Morenci, Aru, with block-system stoping, the sill floor of each 
block was arched or crowned to compensate settlement. Length of posts increased gradually 
towards middle of stope, where the posts were 2 in longer than those on the walls. Crowning was 
repeated in one of the upper floors a.s soon as the arch effect was lost. 

Flirting posts. When sets are slightly distorted, a new post may sometimes be properly placed 
by cutting off part of the bottom horn, or cutting out the corresponding mortise, this is know’n as 
flirting posts. It IS usually done more readily m cap-butting than in post-butting sets, because 
posts of the former have short hoins (.\rt 49). 

Blocking, if carefully done, materially reduces swinging of sets. It is also intended to crush 
under the initial creep of walls or back, theieby saving the main timbers. Sets should be blocked 
at joints, to avoid bending strains in timbers If a long block (sprag) is necessary to reach a wall, 
it should have a headboard, so that the pi ess will come onto the timbers through wood m cross gram. 
Good blocking is especially necessary over the posts at back of stope, as it alone holds the timbers 
when the side blocking is removed to make room for new sets. Sets on the floor alongside of an 
advancing face tend to “ ride ” toward the face, because the side blocking is blasted out on each 
round. Riding of set8 is sometimes pi evented by standing the posts with a slight pitch away from 
face; subsequent stoping tends to straighten them. 

Recovery of square-set timber is rarely attempted. Where feasible, it points to the possibility 
of mining by some system requiring less timber. In New Ioria mine, Cal (Art 46), timbers are 
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usually recovered from unfilled square-set stopes after mining is completed. At Frood mine (Art 46) 
long girts are recovered after tilling each floor; primary purpose here is reduction of fire haaard, but 



HORIZ SEC A B 


saving in timber also results. At Calumet & Arizona minOf 
Ariz, some timber was formerly recovered from stopes in flat 
orebodies, mined in small sections. Recovery took place during 
the filling period, which was delayed until a section was com- 
pleted. Each section was carried up as a flat-back stope 4 sets 
wide, and of height and length of the orebody. When finished, 
6-in stulls, unframed and held by wedges, were placed diagonally 
between the middle points of caps or girts on Ist and 2nd and 
2nd and 3rd floors (a and 6, Fig 357). The corner sets of a floor 
required 2 stulls, each being set off center to avoid interference. 
Under their support, sill-floor timbers were removed from 3 rows 
of sets, X, y, and Z, A girt was first taken out, by sawing it in 
two; remaining pieces were pried out with a bar or by using a 
drill column as a jack. Then sets V were lagged, filling was poured 
in through chutes c and d, stulls a were knocked out and replaced 
between 3rd and 4th floor timbers, and the process repeated. 
Some stulls were left in, if pressure were heavy. Top-floor 
timbers were removed under protection of vert posts set between 
the filling and back, and filling was packed under the roof by 
hand. A vert row of sets V was left 



on side of stope, to furnish a point of 
attack for adjacent block and a place 
to store recovered timbers, which were 
reused several times. Caps were run 
across stope, as 3 cross members were 
recovered for 2 longitudinal ones. 
Haulageways, sometimes run as blind 
levels from a raise, were required on 
top and bottom floors This method 
was found applicable in irregular 
orebodies. 

63. DATA ON SQUARE- 
SETS 

To find total timber required 

in any stope, consider all sets as 
corner sets (1 post, 1 cap, I girt) 
and add posts, caps, and guts 
required along 1 wall and 1 end of 
the stope. Since amounts of tim- 
ber used per ton vary with the 
Bpecific giavity of the ore, figures 
per cu ft are better for making 
comparisons. Timber for floors, 
chutes, lagging, sill-floor seta, rein- 


forcement, etc, is not included in Table 38; the amounts for these vary with size and 


form of stope. M. J. Elsing (213) estimates amount of timber for a set as stated 
in Table 37; posts 7 ft 2 in long, spaced 5 ft c-c both ways; aver number of pieces per 
set over a whole stope, 1.2 posts, 

1.1 caps, 1.1 girts; size of posts 
and caps as stated; girts, 5 by 8 
and 6 by 12 in; flooring used re- 
peatedly. Elsing also records 
that square-set stopes in Copper 
Queen mine, in 1907, produced 
565 600 tons of ore, requii ed 
31 400 sets, and consumed 8 950- 
000 cu ft of timber and 475 000 
pcs of 5-ft lagging; or, 285 bd ft 
of timber and 15 bd ft of lagging 
per set yielding 18 tons of ore. 

Examples following show wide variation, and indicate necessity for making liberal 
allowances in estimating total timber requirements. Morbnci, Anz. Approx total 
consumption was 15 bd ft per ton; a corner set, without reinforcement, took 8 bd ft per 
ton (178). At Cananea, Mex, a corner set requires about 8.4 bd ft per ton; total stope 
timber is 27 to 31 bd ft per ton. At Rossland, B C, about 100 bd ft of lumber was required 


Table 37. Bd ft for a 5 by 5 by 7.17-ft Square-set 


Size posts and caps 

8" by 8" 

10" by 10" 

12" by 12" 

1 2 posts 

51 

80 

115 

1. 1 caps 

27 

42 

59 

1 . 1 girts 

19 

21 

30 

Stope lagging 

18 

18 

18 

Chute lining 

10 

10 

10 

Blocking 

7 

11 

16 

Flooring (aver over its life) 

2 

2 

2 

Misc, wedges, breakage . . . 

9 

11 

13 

Total bd ft 

143 

195 

263 
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per round-timber set for chutes, floors, ladders, and railings; aver diam of members, 16 in; 
a corner set contained 280 bd ft (209). Butte, Mont. W. B. Daly, in 1939, states that 
the amount of auxiliary timber in a square-set stope depends on number of sets and 
width of stope. Where chutes and manways are 25 ft apart, general figures for the bd ft 
required for sets 5.33 ft square are: top lagging (3-in) for 1 set, 86; chute, 1 floor high 
(2-in lagging, 277; 3 by 10-in lumber, 84; 2 by 6-in lumber, 12), 400; manway, 1 floor 
high, 2-in lagging, 224; timber slide, 1 floor high, 53; total, 736 bd ft. 

Table 38. Amounts of Timber Used in Square-sets 


Fig 

No 

Name of mine or aet 

Dimensions, c to c 

Cu ft 
of ore 
j>er set 

Bd ft 
per set * 

Bd ft 
per cu ft 
of ore 

Height 

Capwise 

Girtwise 

ft 

in 

ft 

in 

ft 

m 

312 

Copper Queen. 

7 

to 

5 

0 

5 

0 

195 8 

141 

7 

0 723 

315 

Vulcan, Mich . . . . 

8 

0 

7 

5 

7 

0 

415 3 

257 

0 

0 618 


Broken Hill, NSW 

6 

! 2 

6 

0 

5 

0 

185 0 

137 

5 

0 743 


Savage, Nev 

7 

2 

4 

9 

1 4 

9 

161 7 

184 

0 

1. 138 

317 

Cananea, Mex 

7 

4 

5 

3 

5 

3 

202.0 

133 

6 

0 661 

318 

Portland, Colo 

7 

3 

5 

8 

5 

8 

233 0 

149 

3 

0.641 

319 

Homestake, S Dak 

8 

3 

6 

0 

6 

0 

296.9 

238 

5 

0.804 

320 

Anaconda, Mont 

7 

6 

5 

0 

5 

0 

187 5 

137 

5 

0 773 

321 

Anaconda, Mont 

7 

6 

5 

0 

5 

0 

187 5 

122 

5 

0 653 

322 

Leonard, Mont 

7 

8 

5 

4 

5 

4 

217 6 

185 

3 

0 815 

324 

Eureka, Nev 

7 

0 

5 

8 

5 

0 

198 3 

196 

0 

0 990 


Bingham, Utah. . 

7 

4 

5 

0 

5 

0 

183 3 

113 

3 

0 619 

326 

Portland, Colo 

7 

0 

5 

0 

4 

1 1 

172 0 

85 

3 

0 496 

327 

Uspcranza, Mex 

8 

0 

5 

0 

5 

0 

200 0 

90 

7 

0 453 

316 

Goldfield Consol, Nev. . 

7 

8 

5 

0 

5 

0 

191 7 

83 

6 

0 436 

325 

Leadville, Colo 

7 

0 

6 

10 

5 

10 

279 0 

157 

2 

0 563 

328 

Morenoi, Ariz . 

7 

2 

5 

0 

5 

0 

179 1 

84 

9t 

0.474t 

329 

CoDur d'Alene, Ida 

8 

0 

5 

0 

5 

4 

213 3 

104 

2t 

0 489 1 

330 

Steward, Mont 

7 

0 

5 

2 

4 

10 

174 8 

93 

5t 

0 535 t 

332 

Gagnon, Mont 

8 

3 

5 

0 

5 

0 

206 2 

89 

3t 

0 433 t 

334 

Chisholm Dist, Minn, , 

8 

1 

7 

4 

7 

4 

434 0 

124 

9t 

0 288 1 

335 

Bruntou Bev el 

8 

3 

5 

10 

5 

10 

280 5 

172 

8t 

0 616t 

336 

Square and Bevel 

8 

3 

5 

10 

5 

10 

280 5 

200 

6 t 

0 715t 

337 

Step-dow n 

7 

9 

5 

4 

5 

4 

220 4 

132 

Of 

0 599 t 


* Thase figures are for a corner sot (I po^^t, 1 cap, and 1 girt) f i^d ft in round timber is com- 
puted by gi'ARTER-orRTU hi le, area of cross-scc = 1 07 X square of radius, which giv'es cross-sec 
of largest squaie timber that can be savved from a given log. 


Data on framing. At Rohsland, B C, m 1003, round timbers averaging 16-in diam were 
framed by hand. Aver work for 1 carpenter per 0 hr was 2l po^ts, or 21 girts, or 16 caps. Cost per 
set was about 55^ (wages, $3 50). Co.st of same set, machine-framed, not over SOfi (209). At 
Homestake mine, So Dak, in 1903, some 12 by 12 timbers were framed by hand at 60^ to 65ff for a 
cap, girt, and post (wages, $3) Posts cost about 2^ more than caps or girts. Costs indicate that 
1 man framed 13 or 14 posts, or 14 to 16 caps or girts, per day (104). At Hudbury, Ont, in 1938 
(data from H. J Mutz), 2 men with a single-end framer could make 170 posts, or 200 caps, or 300 
girts m 8 hr. With a double-end framer, 3 men could frame 310 posts, or 500 girts, or 420 caps, while 
framing caps, 2 extra men were required for axe trimming. 


Table 39. Machine Framing, Square-sets (Ibex Mine, Leadville, 1902) 


Single-end, block- 
type machine, 
Denver Eng Wks 

Posts 

10 by lO-in, 
6 ft long 

Caps 

10 by lO-in, 
6 ft long 

Drift posts 
10 by lO-in, 
6 5 ft long 

Drift caps i 
10 by 12-in, 
4 ft long 

Sills, 

6 by 8-in, 
6 ft long 

Raise cribbing, 
4 by 8-in, 

6 ft long 

Wedges 

No pieces framed . 

1 158 

20 

144 

97 1 

48 

1 156 

16 800 

Total hr . . 

68 25 

2 

6 75 

8 75 i 

2 5 

24 75 

28 75 

Cost per piece, i 

1 93 

3 35 

I 52 

2 93 

I 69 

0 73 

0 05 


In a 166-hr run by above machine, delays were 0.75 hr. According to P. B. Scotland, 
a Denver Eng Wks double-end, block-type framer, used by Ariz Copper Co, run by 2 men, 
framed 160 round posts in 8 hr. Square caps and girts (Fig 328) were cut in a single-end 
framer; 2 men made 600 girts or 300 caps in 8 hr. 

Erecting sets. P. B. Scotland stated, concerning mines of Ariz Copper Co, that 
aver duty of 2 men in placing and lagging stope sets was 2 to 3 sets per 8 hr. B. H. Dunshee 
stated from Butte, that, if a stope were ready to be timbered, 2 miners would place 4 posts, 
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2 caps, and 2 girts, block down and cover the top with lagging in about 1 hr. Ordinarily 
this work took 2 hr or more, as loose ground often had to be picked down or poorly fitting 
timbers adjusted. In Frood mine, Sudbury, Ont (data from H. J. Mutz, in 1938), 2 men 
can stand a square-set (1 post, 1 cap, 1 girt) in 1 hr. In a standard stope (Art 46), where 
usual blasting makes space for 5 sets per shift, remainder of 8-hr timbering shift is spent 
in scaling, extending booms, blocking and lagging the back, and laying floor for the 5 sets. 

Miscellaneous. Mining on sill floor costs 2 to 3 times as much as on upper floors, even 
for contract work. Breaking is by flat holes, the face is not undercut, and shoveling is on 
a rough rock floor. At Leonard mine, Butte, a standard crew consists of 2 machine men 
(stope-drills) , 3 or 4 shovelers, 1 man on filling, and timbermen and blockers who look 
after several stopes. This crew carries up a 26 by 50-ft stope, 100 ft in 4 or 5 months, 
or in 1 year to a height of 200 ft, extra time being required in the 2nd 100 ft for repairing 
and reinforcing timbers and for crowning floors (80). 


64. APPLICABILITY AND LIMITATIONS OF SQUARE-SETS 

In early days, square-setting was almost standard for underground mining of large ore- 
bodies in the U S. Later, increasing cost of timber, and introduction of shrinkage, filling, 
and caving systems narrowed its field of use. Square-set stoping is a comparatively high- 
cost method and therefore best applicable to high-grade ores. It is used where ground 
conditions require closely spaced support of ore or walls, as in soft ground, or in harder 
ground which sloughs or slabs; and as an adjunct to methods for recovering pillars. 

Open stopes. Experience shows that open sets do not afford permanent support for 
weak ground; timbers rot, or more often crush under pressure caused by the extension of 
stoped areas. This is serious, as the caving of large stopes may set up a slow crushing 
action (“ creep ”), which extends into adjacent unmined blocks and renders their extrac- 
tion diflicult and costly. The field for open square-sets is in orebodies too wide for stulls, 
and where the ground is strong, but requires prompt support to prevent slabs falling from 
back and walls. These conditions preclude use of shrinkage stoping; the alternative is a 
filling method, the choice being governed by relative advantages of these systems, as stated 
below and in Art 66, and by their relative costs. 

Filled stopes. Conditions jointly justifying complete filling for square-sets are: 
(o) necessity for permanent support of the surface or of overlying ground containing other 
orebodies; (6) weak ore requiring complete and immediate support of stope backs. 

If subsidence can be allowed, some caving method is often cheaper than and preferable to 
square-setting, but caving methods are limited to certain types of orebody (Art 82). If temporary 
cribs and stulls will support the stope back, straight filling is usually better than square-setting. 
Choice 18 further governed by the advantages and disadvantages outlined below, see Art 46 for 
advantages of different forms of square-set stope. 

As auxiliary to other methods, square-sets have a wide field of use (Art 68). 

Advantages of square-setting, not covered above: (a) reliability; propeily applied, 
it is dependable for mining almost any kind of ground; (6) safety, since the area of ground 
open at any time may be adjusted to its strength; (c) flexibility; stopes can 1x5 expanded 
or contracted at will, irregular stringers followed into walls at any point, dikes or waste 
inclusions left unmined, and prospecting drifts driven from any floor; (d) good facilities 
for sorting in stopes; important where ore must be separated from waste, sulphide from 
oxide ore, or smelting from concentrating ore; (e) good facilities for handling ore and sup- 
porting men in the stopes; (J) good ventilation; (g) walls alongside of old stopes can bo 
mined if desired. 

Disadvantages of square-setting, not covered above: (a) high cost, due to use of 
much framed timber of good grade; (b) danger of fire, which has occuned in nearly all 
large districts where the method is used. Fire risk is greater in open than in filled stopes 
(see Fire prevention. Art 62). 

Summary. Notwithstanding its cost, square-setting is necessary and useful for 
certain types of orebody, and as an adjunct to other mining systems. Following practice 
tends to reduce costs (P. B. Scotland): (a) use round timbers instead of square; (6) use 
second-class and smaller timbers where possible, instead of one size for all kinds of gi ound ; 
(c) purchase logs partly seasoned, aver say 660 bd ft per ton; (d) accept mixed shipments, 
i e, ship as cut; (e) install slabbing saws and use slabs for lagging; (/) install mechanical 
devices for handling timbers on surface and underground; (g) frame at the lumber camp, 
thus reducing freight charges; (A) discard sills in all but soft, wet ground; (i) recognize 
the fact that accurate alinement of timbers is unnecessary, especially whore filling closely 
follows mining. 
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66. MITCHELL SLICING SYSTEM (220, 228, S80) 


This modification of square-setting was apparently first employed in mining soft 
hematite at Queen mine, Negaunee, Mich (136). It was further developed, in form 
described below, at Calumet & Arizona mine, Bisbee, Ariz, for mining flat, bedded bodies 
of heavy sulphide ore in limestone. Hanging wall was well defined and easily supported; 
orebodies contained little waste and rarely exceeded 60 or 60 ft thickness. Ordinary 
square-sets failed under the weight of soft, heavy ore. Mitchell system has also been 
successful at Magma mine, Superior, Ariz, in a steeply dipping sulphide vein, averaging 
20-30 ft wide. 

General plan is to mine by square-setting along the sides of a small block of ore; top 
of pillar thus formed is then mined, and hanging wall timbered. Under this protection, 
the rest of the pillar is sliced downward by underhand stoping. 




SILL FLOOR PUN 


Development. A main 
drift was driven, preferably 
along one \\all of deposit; 
from it crosscuts (c, c, Fig 
358) .called slice-lea^, were 
driven to opposite wall on 
20-ft centers and timbered 
with sill'floor square-sets. 

A vert square-setted raise 
to level above, over first 
2 sets of each slice-lead, 
served as a timber and 
manway, and later as a 
waste chute On sill floor 
a small manway a gave 
access to manway side of 
raise on first floor. Small 
excavations, E, on sill-floor 
plan, were shot out at top 
of alternate sill-floor sets 
in slice-leads, and a chute 
built m each, these cuts 
were kept small and on 
same side of adjacent cross- 
cuts, otherwise they weak- 
ened base of the pillar be- 
tween 2 slice-leads. Cars 
could not always be run 
into slice-leads; if not, the 
first set alone served as a 
chute for loading cars in 
mam drift. Two adjacent 
slice-leads were next earned 
to hanging wall, as flat- 
back square-set stopes, 1 
set wide, called lead-stopes, 
broken ore formed its own 
slidestochutes, littlemuck- 
ing was necessary. This 
preliminary work cut out a 

pillar 15 ft wide, ordinary pillar lengths w’ere 25 to 50 ft, greater lengths were mined as separate 
sections. Max vert height for safe mining was about 60 ft, heights of 100 ft were mined in two 
hO-ft sections, the upper one first (220). 




a Manway 
b Main Chute 
0 Auxiliary Chutes 
d Stringer in position 
djStringer being swung In position 

Fig 358. Mitchell Slicing System 


e Temporary Spreader 
/ Diamond Brace 
g Segment Set 
h Temporary Brace 
i Grizzly 


Slicing began from the end set on top floor of a lead-stope, by drifting across the pillar 
to the corresponding set in opposite stope, directly under the hanging wall. Ore ran out 
by gravity through an inclined drift from each lead-stope to center of pillar; successive 
drifts were run until the whole top of the pillar was cut off. 

Stringers (d. Fig 358) were placed under hanging wall as soon as there was room, with enough 
lagging and blocking to secure back of stope and timbers. A cut must be made in a lead-stope cap 
or girt at one end of stringer, for swinging its tenon into place (B, Fig 360). Topmost stringers were 
supported temporarily by stulls resting on the pillar. When enough ore was broken to allow placing 
stringers between next lower run of square-sets, stuUa were replaced by 3-piece segment sets ggt 
of 10 by 10 timber (sec A A, Fig 358). This braced the sets in lead-stopes and transmitted to them 
pressure from hanging. Rest of pillar was stoped underhand in successive slices. Most of broken 
ore was thrown into lead-stopes and chutes, little mucking being necessary until 1st floor was reached. 
Slicing was continued to Ist floor, leaving sill floor to be mined from below. A plank floor was then 
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laid on top of bottom stringers s, the inside of the square-sets in both lead-stopes was covered with 
2-in lagging and the stope was filled with waste through the raises to the level above. This left lead- 
stopes open and ready for attacking adjacent blocks. 

Campbell mine, Phelps Dodge Corp. Data on 1939 practice from H. M. Lavender. 
Mitchell slicing system at Bisbee, Ariz, is practically limited to the Junction, Campbell, 
and Colo mines, for recovering ore left in pillars between cut-and-fill or square-set stopes. 
It is confined to mining ores that are fairly dry, stand reasonably well, are uniform in 
composition (contain little waste that must be sorted out), are free from very heavy top 
or lateral press, and do not require heavy blasting. Special development work is usually 
unnecessary; ore is extracted through same drifts and crosscuts used for adjacent stopes 
worked previously, and fill is introduced through existing drifts and crosscuts on level 
above. The pillars in one area in Campbell mine, the original sections of which have been 
mined by inclined cut-and-fill methods (Art 65), except a small part that was square- 
setted, are now being mined by Mitchell slicing. Following description, see Fig 359, 
covers operations in that area. 

Orebody is roughly circular in section, about 200 ft diam, and has been extensively 
worked to a height slightly more than 100 ft. It was cut by drifts and crosscuts on the 
haulage level into blocks approx 50 by 70 ft, in roughly checkerboard fashion. The ore- 
body, not uniform in strength and hardness, varied from a hard siliceous ore and siliceous 
massive sulphide to sugary pyrite and broken material alongside a weak porphyry wall. 

The pillars being mined are usually 15-24 ft wide by 18-36 ft long; bounded on 3 or 4 
sides by filled stopes, above by a firm hanging wall or filled stopes, and below by ore in 
place. Existing lines or “ panels ” of square-sets, along the long dimension of pillar and 
extending from bottom to top vertically, are used for extraction when possible. Square- 
sets are of 10 by 10-in timber, 8.5 ft high, with posts 6 ft c-c. In a few cases timbers were 
8 by 8-in. In wider pillars, the old panels are lagged off, filled with waste, and new panels 
are set beside them. After the panels have been provided, 10 by 10-in grizzlies are installed 
on top floor. Alternate sets in the panel, both horiz and vert, are floored over (p, Fig 359), 
and act as ore passes. One set r at corner of the panel may be lagged off and left for a 
manway or to start a new section. 

Actual mining is started on top floor, and the entire section is cut off to the hanging 
wall or to bottom of section above, if that section has been mined out. Where the hanging 
wall is not flat, one side of the stope may be carried higher than the other, and the top 
stringers are put in, blocked, and lagged. After top floor has been cut off, stringers s, 
8 by 10 in or 8 by 8 in, are placed across the stope so that each corner of each exposed set 
in the panels is well braced. Framed stringers are used when they will fit the sets; other- 
wise, their ends are left square and held in place by planks scabbed to posts and caps. 
When enough ground has been removed, corresponding 10 by 10-m stringers are then 
installed on floor next below. Top floor is then lagged and the back secured by blocking 
if this has not already been done. Segment sets t (3-piece “ doubling sets ” framed in the 
stope as in Fig 359, 360) are then installed to transmit the top press from middle portion 
of the stringers more or less directly to the stope walls. 

Mining is continued by underhand slicing; the grizzlies are moved downward as 
required. Temporary braces, made by notching 6-ft pieces of 2 by 12-in lagging, are 
placed between the stringers near blasts, or where stringers are bowing slightly, as at b. 
Fig 359. Bottom of stope is sloped toward the panels to minimize mucking, and, as 
shown, would also be sloped toward the manway, to give better support to the weaker 
end of the section next to the old filled stope. As mining descends, the solid end of the 
stope is lagged off vert outside of the end sets to protect men working Ixilow. It may Ije 
necessary to place angle braces c at either or both ends, to withstand the thrust of the 
adjoining filled stope or of ore in place. It is customary also to lag every third or fourth 
floor, as at/, for safety of men working below. If the stope should suddenly take weight, 
the entire stope may be waste-filled above the lagged floor, after which, mining is resumed 
with new segment sets. These operations continue down to first floor above the sill. 
Stringers, covered with lagging, are placed there, and waste-fill is introduced, at center of 
top floor, if possible, rather than from one end or corner. The panels are also filled with 
waste, unless they are to be used again. Most of the stringers and much flooring are 
salvaged as the stope is filled. The ground below the bottom stringers is left to be mined 
from below. In some cases the square-set below the segment set must be reinforced by a 
diagonal brace (d in Fig 359). If the wall is ore in place, instead of waste fill as shown, 
this diagonal may pass over the top of cap below, and rest in a hitch cut for it in the solid, 
which takes the weight independently of the lower square-set. Should a stope bo shut 
down after being partially cut, it is important that the lowest stringers in place are not 
resting on the solid, as slight movement of the sets at either end will bend or break them. 




Old filled slope 
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Fig 361. Mitchell Slicing applied to Mining of Vert Pillars, United Verde Ext Mine, Jerome, Ariz 
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Advantages of the system, in general, are a saving in labor and timber as compared with 
square-sets. Special advantages are; obvious safety, rapidity of mining, and large ton- 
nage per man-shift. The square-set panels at the side of a stope may be prepared in 
advance of actual mining needs. Direct stoping costs, covering 25 000 tons from this 
area: labor, 44fi; explosives, 13^; timber, 35ff; total 89^ per ton. Output per man-shift, 
14.44 tons. Wages for miners, $5.48, for muckers, $4.84. Comparisons between cost of 
mining by Mitchell slicing system and by square-setting are apt to be misleading, due to 
differing conditions under which the methods are used. However, recent direct costs of 
mining 17 000 tons by square-setting in the Bisbee mmes were: labor, 65^; explosives, \2^\ 
timber, 38ji; total, $1.15 per ton. Output per man-shift, 9.87 tons. 

United Verde Ext mine, Jerome, Ariz. Mitchell system, as formerly applied to mining of vert 
pillars, was described by R L D’Arcy in 1930 (00). Orebody, now exhausted, was a large lens of 
high-grade copper sulphide ore, max length, 500 ft; max width, 300 ft. Level interval, generally 
100 ft. Principal method of mining was a block system of square-setting, in which vert pillars, 
usually 6 sets wide, were left temporarily over mam extraction drifts. These pillars were later found 
to be badly broken by movement, and so had to bo mined m small sections. Fig 361 shows general 
plan. A small square-set section (2 sets wide and 3 sets long in Fig 361) was carried up to level 
above, the 2 end sets B, next to unmined ore, serving as chute and manway. Sets C are open sets 
of the adjacent previously mined square-set section. On completing a section, one of the outer 
sections alongside was removed by Mitchell slicing. Because of the broken nature of the pillar, 
the ore could frequently be barred down into the chute, without need of drilling or explosives 
A series of 10 by 10-in stringers, braced as required, were placed between the square-sets and the 
old pillar fencing as mining progressed downward. The section was filled after completing mining, 
and the section on opposite aide of the square-set stope was then mined and similarly filled. There- 
after all sets in the section weie filled, except the chute and manway on the advancing side, these 
being kept open for access and introduction of fill to the next 3 sections (2, 3, and 4 m Fig 361). 


66. MISCELLANEOUS TIMBERING SYSTEMS 

Moore system (232) is a modification of square-setting, employed at one time in Tono- 
pah Belmont mine, Nev, wherein the posts were replaced by diagonals in the vert plane 



Fig 362 Diagram of 

Moore System Fig 363. Moore System at Tonopah Belmont Mine 



of the caps. This formed a series of triangular frames, placed parallel to direction ofimax 
pressure and braced apart by girts 
at the joints (Fig 363) In Fig 362, 
a force applied at M resolves into 
components along lines AC and 
AB. Sets were designed on the 
principle that if a member mn 
fails, the force acting through it is 
taken by diagonals mq and mp; a 
corresponding failure in ordinary 
square-sets might cause collapse 
of several sets. 

F. S. Bradshaw furnished Fig 363 
to 365, showing details. Sets weieSft 
high, 7.5 ft cap wise, and 5 ft 11 in girt- 
wise. Diagonals were inclined 65® 

(theoretical angle should be the dip of 



JOINT A JOINT B 

Fhs 364. Details of Joints, Moore System 
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banging wall, but is not practical; 65® is suitable for most cases). Fig 363 shows framing of tri- 
angular sets and their junction with ordinary square^aets. Fig 364 shows joints A and B, Fig 363. 

^ , All timbers were placed flat- 


OhSiIOxjV tl lRa W H ruSTioTTi" h nlP% » convenience in 

^ SiSTviE* ^ *° 

^ u Cj ^ ' ■ viiw make joints stronger m one 

L |l ■ U U lltla direction than another. Drift 

TOP vitw TOP VIEW sets were formed by substi- 

tuting 10 by 10 vert posts 

1^0 p5rty«' 16"x'g*r^'" ~ ' for 2 diagonals on sill floor. 

side view ® Along vertical end faces of 

stopes a half-cap was put m 

{[I on alternate floors, supported 

TOP VIEW at wall end by a 4 by 10 

Fig 365. Details of Timbers, Moore System upright. On inclined walls, 

the angle of diagonals could 

be changed to fit, or in strong ground ends of caps might be set in hitches. 


Fig 365. Details of Timbers, Moore System 


Table 40. Comparison of Corner Sets 



Dimensions of set, center 

Bel ft per 
corner 

Cu ft ore 

Bd ft per 

% timber 
across 


to center 

set 

per set 

cu ft 

lode 

Moore (cap, girt, 2 diags) 

7 ft 6 in by 5 ft 1 1 in by 8 ft 

169 5 

355 

0 48 

79 

Square-set * . . . 

7 ft 6 in by 5 ft 1 1 m by 8 ft 

16) 1 

355 

0 45 

78 

Square-set f 

5 ft 4 in by 5 ft 4 in by 7 ft 10 in 

137 7 

222 

0 62 

77 


* Corresponding to Moore set t Ordinary set, 10 by 10 post and cap, 8 by 10 girt. 


Under direct vert or horiz pressure, the strength of a Moore set (of 8 by 10 and 6 by 10 timbers) 
is about the same as that of a square-set of same dimensions with 10 by 10 cap and post and 8 by 10 
girt. Under oblique stress, it is stronger, due to the triangular panels, but, to utilize thLs strength, 
joints must be held from swinging girtwise. Moore set has no advantage over square-sets of equal 
size, in cither timber consumption or amount of timber placed in cro^'S-framcs, but the tirnlier in 
cross-frames is better placed to resist distortion. Advantages claimed (u) greater strength than 
square-sets for same amount of timber, (b) lighter timbers to handle, (c) on account of greater 
strength, filling is not required in some stopes, or where required it need not be kept so close to face, 
(d) flexibility, since the angles of diagonals can be vaiied, (c) drift set construction is veiy strong, 
(/) chutes can be run diagonally or vertically, in latter case, one dimension of chute is limited to 
about 3 ft in sets of the size shown. 

Moore sets were used with some success at Tonopah Belmont mine, for dip of vein between 45° 
and 75°, and width of 15 ft or more. They were not well adapted to stopes where there was lateral 
movement of one vein wall with respect to the other, as they w'ere not readily reinfoiced with angle 
braces. They were not adapted to running ground requiring close timbering, but rather to ground 
which would stand over full wudth of slope, 1 set long, hence, it was necessary to change fiom tri- 
angular to square-sets about 2 sets before reaching a level above. C’ost of framing was slightly 
greater than for square-sets. Caps were framed in a single-end machine, after being cut to length 
by a swing crosscut saw, with same number of operations as square-set caps, bevel cuts were made 
by hand. Posts were framed by a swing saw, with one le^'s operation than for square-set posts 
Girts required same framing as for square-sets. With skilled men, cost of erection per ton of ore 
was no greater than lor square-sets. 

Inclined square-sets. A modified square-set, with posts at light angles to hanging wall, was 
formerly used at Calumet & Hecla mine, Mich, on dips of 35° 
to 40°. Object was to avoid oblique strains on timbering. 

The system was complicated and was abandoned in favor 
of Stulls (Art 39) (20). 

Leaning stope-sets (Fig 366) are sometimes used 
in narrow veins with soft walls affording no support 
for stuUs. At Argonaut mine. Cal, they have been 
used instead of square-sets in stopes less than 16 ft 
wide (230) . Advantage claimed was that posts could 
bo set directly above each other. Dip of vein was 
such that square-sets could not be placed with posts 
superposed in the short time that the ground will 
hold. Stull timbering without posts would not hold; 
walls swelled and often required lagging. Round tim- 
ber was used; posts were 8 ft long, and 4 ft apart along Fig 366. Leaning Stopc-aet, Cal 
strike; joints between posts and stulls were braced 

longitudinally by unframed sprags. Stope timbering started from 2 stringers, one on each 
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wall, blocked up from drift-set below, and separated by lagged stalls carrying filling. 
Swell of walls tightened timbers, so that they supported filling even when drift sets were 


destroyed by mining the chain pillar from stope 
below. 

Stringer sets (formerly used in Ontario mine, 
Utah, in wide parts of a steep vein) consist of a 
honz cap (stringer), from wall to wall, earned by 
posts 5 ft apart. Caps are braced by girts oppo- 
site posts. No framing was done, 60-d spikes being 
used at joints. Max length of stringer, 16 ft; for 
wider stopes, 2 stringers were butted, with a post 
under the joint. These sets suited the solid quartz- 
ite walla at Ontario mine, but gave trouble when 
tried m weaker ground elsewhere. They require 
nearly as much timber as square-sets, and as much 
labor, when latter aie framed by machine. 

Similar timbering, called stull sets, is used 
in the Coeur d’Alene district, Idaho. Fig 367 
shows practice at Morning mine (231). Wall 
rock swells, causing side pressure great enough to 
broom out the ends of 24-in red fir caps, which 
are theiefoie protected by soft-wood blocking. 
At Hegla mine (data from C. H. Foreman m 1930), 
caps of stull sets are at 5-ft honz and 9-ft vert 
intervals (223). Max length of cap that can be 
handled la 16 ft; sometimes 2, rarely 3, caps, placed 
end-to-end, are necessary to span stope. Head 
blocks are about 12 in thick, of 3-iri by 5-ft boards 
of random width. For mode of recovering a caved 
stope at this mine, sec Ait 57 

67. RECOVERY OF CAVED STOPES 

General. Caving of stopes may l:>e caused 
by. (a) attempting to mine blocks of too 
large an area; (6) failure to block sets prop- 
erly, or reinforce them prior to blasting; 
(c) failure to keep fill close enough to back; (d) 
de.struction of timlier by fire, (e) abandonment 
of stope for a consideiable tune. After a cave, 
special tiinbeiing may be needed to reclaim 
the caved oie and so to control the stope that 
regular methods may be resumed. 

Usual method of attack is to start at one 
side and, if possible, on top of the cave, 
placing supports under the solid back before 
removing the caved ground. Unnecessary 
breaking or shaking of the back should be 
avoided. Selection of mode of recovery de- 
Iiends on. (a) dimensions of stope; (h) normal 
method of mining; (c) manner in which the 



PLAN 


Fig 367. Stope Timbering, Morning 
Mine, Idaho 


back is caved and amount of arching that has occurred (see Subsidence, Art 112-116). 


Examples follow of practice in recovering square-set and stull-set stopes. 


Butte, Mont. H. L. Bicknell in 1922 (534) gives method in wide square-set stopes. Where 
back over cave is approx honz, underhand square-setting as m Art 46 (Fig 305, 306) is started from 
nearest open set on the floor just below the cave, but using 2 booms instead of one. Booms 10 by 10 
or 12 in by 9.5 ft are placed below the caps and between the posts of the open set, and extended into 
caved area (Fig 368). The booms are supported by 2 posts under the lead cap, with 4-iii blocks 
between booms and caps. Next to the 4-in blocks on forward end of the boom is laid 4 by 10-in 
lagging L, to support the 2 girts. Caps and guts are then placed and held in position by cross lacing 
to the sets already in. The back above the set is then steadied by sprags, blocking or cribbing. 
Enough caved ground is removed to repeat the operation in next set below, and posts betw'een the 
2 sets are placed and fastened to the existing sets. The sets are thus carried down the face of the 
cave to the standing sets below. Successive vert rows of seta alongside the first are then similarly 
worked down, until the entire face has advanced 1 set into the cave. This work continues until 
whole stope is recovered. The same general method is used in narrow square-set stopes. 
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Fig 369 shows a square-set where a cave left the solid back of vein sloping up at a steep angle 
from the undisturbed timbers. The caved ore was too high above the timber to start a boom-set 
until space was made ahead of the highest set C by spihiig (Sec 6). The top spiling was driven first, 

then side spiling starting at the top; 
Butt Blocks Slope cap .Boom^ , - breast boards were placed between ends 

Hlofk ^ of side spiling, to prevent caved ma- 

/ V 1 ft" <infoa^ ' Butt terial from running into space below, 

for booms— BlQck Under nrotection of the soilinc. the too 


Butt Blocks Slope cap .Boom^^ , - breast boards were placed between ends 

Block ^ of side spiling, to prevent caved ma- 

/vift" Bull terial from running into space below. 

for booms— Under protection of the spiling, the top 

4"xl0'* Lagging- ' I ' W "T" ^ 1 placed and blocked, also 

to support girt Post4 ' ^11 upper caps and girts; top spiling 

a ., E li ' if n then blocked or cribbed to back. 

Slope 0 , 1 ^^ broken rock below was re- 

cap moved, and booms F weie placed sup- 

Boom 10" X 10"/ ■ T1 "T ! r*lji^6rT~T porting the cap, girts, and posts on floor 

'• ' I iTfl 1 1 I below. Fig 369 shows this work start- 

Stope poj»t 10 jiy '1 4 ^ 1| l| i ing next to one of the walls, after 2 sets 

Boom post 10"x those alongside were placed in 

^ order until opposite w’all was reached. 

Meanwhile the posts between standing 
Fig 368. Recovering Square-set Stope, ®ets below and the sets resting on the 

Butte, Mont (534) booms were put in, and all timbers 

blocked to walls Then a start was 
made on floor O of the raise, and the brow of rock between raise and cave was removed by barring 


Stope post 10' \10-^ 
Boom post lO'xlO"^ 


Fig 368. Recovering Square-set Stope, 
Butte, Mont (534) 
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from highest standing timber; 4 stringers A (Fig 371) 16 ft long, slabbed top and bottom, are laid 
parallel to the walls, one end being supported by the standing stope timber, the other by the caved 
material. Stringers .4-1 (Fig 370) are blocked up 6-18 in higher than the outside stringers A. 
Three pairs of stulls B are placed at 5~ft centers and 5 ft from Isuat standing stull. The raised 
stringers A-1 make each pair of stulls form a flat saddleback (Art 38, Fig 229) Head-blocking of 
3-in plank is used in each wall (Fig 370) and temporarily wedged. Posts P are then stood m 0.5-in 
daps cut into the stulls. A second series of stulls S is placed, blocked and braced girtwise to prevent 
swinging. Other stull sets are placed above, until the timbers are high enough to permit building a 
cribbed bulkhead between them and the back, after which the whole structure is tightened evenly 
with wedges. In the case in Fig 371, the remaining 16 ft of open stope was similarly timbered, 
starting from standing timbers F, F. The back was then picked down, ore drawn, stope filled with 
waste, and minmg resumed (581). 


68. PRESERVATIVE TREATMENT OF MINE TIMBER 


General. Data from Bib (585, 586, 687, 688). Preservative treatment, by method 
most common at mines, adds about 30% to initial cost of timber; hence should be con- 
fined to that timber, estimated at 15-20% of all consumed, which is desired to outlast the 


normal life of untreated tunber; latter may be as short as 1 yr; aver, 2-4 yr, rarely reach- 
ing 5-10 yr. Properly treated mine timber may bo expected to resist decay for at least 
15 yr; in a Penn anthracite mine, gangway posts treated with ZnCb by open-tank method 
in 1906 were still sound and retained ample margin of protection in 1931, whereas adjacent 
untreated posts had all failed within 4 yr. Knowing the life of untreated timber under 
given conditions, and costs (in place) of timber treated and untreated, and estimating life 
required of treated timber, the respective annual charges (excluding cost of replacements, 
but providing for amortization of first cost) can be compared by applying the formula: 

Pf(\ - 4 - 7 *)” 

^ ^ where A — annual charge; P = initial cost, in place; r ~ interest 

(1 4- r)^ “■ 1 

rate, expressed as decimal; n = life, in years. Chief benefits of treatment: (1) saving 
replacements, each of which usually costs 50- 190% more than initial erection; some 
tiinl^er, as sill flooring and fencing in filled stopes of a block system (Art 46) can not be 
replaced and its failure causes trouble when mining adjoining blocks or pillars; (2) permits 
use of smaller timbers for a given load, since safety factor need make no allowance for loss 


of strength by decay (treatment itself has no efTect on strength of timber) ; (3) a cheap, 
local w'ood of suitable strength, but prone to rot, may be substituted (after treatment) for 
more expcnsi\'e timber; (4) where the mining method permits salvaging timber for re-use, 
resistance to rot is an obvious advantage. Timbers most advantageously treated: 


(1) framed sets in shafts and haulagowaya required to stay open, say, 4 yr or more; 

(2) stringers supporting chute bottoms; (3) chutes and pockets, especially in dead ends; 
(4) cribbing in all permanent manways; (5) fence posts and lagging in filled stopes of block 
systems; (6) sills and flooring on sill floors in filled stopes above blocks of ore to 
be recovered later; (7) shaft guides (especially subject to rot at joints and bolt holes). 

Cause and prevention of decay. Fungi causing decay grow inside of wood; visible 
parts are fruits, discharging spores which may be carried by air currents if not transmitted 
to adjoining timbers by direct contact. Growth is possible between about 40® and 100® F, 
18 most vigorous at 70®-90° F, and is promoted by moisture; continuously dry or com- 
pletely wet timber is immune; a post with one end in w ater is very susceptible. Wood 
can be sterilized by heat alone, at 150® F, but retention of a chemical antiseptic to depth 
of 0 5 -2 in IS required to prevent re-infection and the growth of fungi. Among numerous 
compounds and mixtures, ZnCla has proved best adapted for treatment of mine timbers, its 
only draw'back being possible leaching out of the w'ood in very wet places; usually this 
objection is slight. Minimum amount of ZnCb is 0 35% by wT, or about 0.12 lb per cu ft 
for most woods; common specifications are 0.5-0.75 lb per cu ft, up to 1 lb for wet places. 
In Rand gold mines, ZnSOi (a cheap byproduct of cyanide plant refineries) is used, with 
addition of NaF and dinitrophenol. Large Nova Scotia coal mines submerge props in 
hot, strong solution of common salt; satisfactory results are probably due as much to the 
heating as to the salt. Creosoted timbers, though more lasting in resistance^ (also more 
expensive) and better suited for wet places, are nasty to handle; their added inflapjfiiability 
can be almost completely overcome by 6 mo seasoning after treatment, but fumes from 
burning creosote are dangerous, and its normal odor can arouse suspicion of a smouldering 
fire. Round timber must always be peeled, and framed or dimensioned timbers should be 
completely shaped, including Iwlt holes, if any, before treatment; new surfaces of any 
subsequent cutting may be painted with preservative with some slight advantage. Green 
timber is regularly treated, but results are best with timber seasoned as rapidly as possible 
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without causing severe checking; the sooner the moisture in sap wood is reduced to below 
20%, the less chance for infection before treatment. 

Open-tank or hot- and cold-tank process is simplest and cheapest to install (a plant 
for ZnCU treatment of 1 000 props per yr costs about $1 000), but is slower in operation and 
is best limited to round and seasoned timbers. In almost all woods, except hemlock and 
spruce, sapwood absorbs solution faster than heartwood, whence open- tank treatment may 
give a round stick all the penetration required. Wood is submerged in solution and 
heated to 176°-180° F (never over 200°) for 1-2 hr by direct heat of fire or steam coils. 
Expansion causes most of the air (of which dry wood may contain up to 50% by vol) to 
escape. Upon cooling while still submerged, either in same tank after withdrawing heat 
or in another tank filled with cold solution to which the wood is quickly transferred, 
solution is drawn into cells by contraction of air remaining in them. When cool, wood is 
stacked for drying. Suitable strengths of solution are same as for pressure treatment. 

Pressure or closed-tank system is good for all sawn timber and, in general, whenever 
the desired output demands speed; pressure method gives the same or better results than 
open-tank in about 1/3 the time. Green timber can be well treated only in closed tanks. 
Rate of treatment is slower with round than with squared timber, as a smaller volume of 
rounds can be packed into a given tank. A small pressure-tank plant, to treat 5 000 props 
per yr, costs $10 000-$15 000. Essential equipment includes, (a) horiz, cyl tank with 
hinged or removable door at one end, with gasket and bolts for tight closure, lu small 
tanks, the wood may be inserted and withdrawn in individual pieces; larger tanks usually 
have rails for receiving trucks loaded with timber. Tank contains steam-hcating coils, 
and inlets for live steam, comp-air, suction, and solution, and outlet for return of latter; 
also vents at top and bottom, controlled by valves; (5) tanks for mixing, storing, and 
measuring solution, latter equipped with some form of calibrated volume indicator; 
(c) air compressor, vacuum pump, and pumps for transferring and applying press to solu- 
tion (which may be done by comp air); (d) steam boiler. Usual procedure: (1) admit 
live steam, avoiding temp above 250° F ; wdth seasoned timber, this step may be omitted ; 
for green timber, it is essential, and may require 1-4 hr; (2) drain tank and apply suction 
(20-in or better) for 0.5-1 hr; (3) admit solution, containing 3-5% ZnUb, and apply 
press of 150-180 lb per sq in, heating with steam coil, and continuing until the pieviousb^ 
calculated vol of solution to give desired penetration or desired wT of ZnCU per cu ft of 
timber (examples below) has been absorbed, as indicated by the measuring tank, (4) return 
solution to storage tank, by comp aii or pump, (5) apply suction for 0.5 hr to extract excess 
solution; (6) remove timber and store for drying, preferably about 6 mo. 

Examples. Inspiration mine, Ariz (586) consumes about 10 450 M bd ft of timber per yr, 
mainly sawn Douglas fir, on which height constitutes over half the delivered cost, l^lant for ZnCb 
press treatment, designed and erected by mine employes, began operation in Jan, 1930, and in 11 mo 
treated 622 430 bd ft, working 1 shift with 1 operator and laborers for loading and unloading trucks. 
Typical charge of 162 cu ft was impregnated to depth of 2 in, or with 0.6 lb ZnCb per cu ft (using 
sol of 4.7% strength) in 3 hr over all. In dry, summer weather, preliminary steaming and evacu- 
ation were omitted, without affecting results. Treated timber is given 6 mo to dry. United Verde 
MINE, Jerome, Ariz (587), consuming 8 700 M bd ft of timber in 1929 (about 75% local 
pine, remainder Oregon pine), is generally well ventilated and decay is not excessive. Chief difficul- 
ties have occurred in fencing and flooring square-set filled stopes, some of which are not finished in 
less than 10 yr, and for which nearly half of all timber is used. Plant for ZnCb press treatment of 

1 000 M bd ft per yr was finished in May, 1929, at cost of $12 184, and in succeeding 7 mo treated 
882.6 M bd ft (or 17% of all consumed in same period) at following cost, per M bd ft. labor (1 opera- 
tor, 2 helpers) , $3.980 , power, $0,020; steam, $1,349; ZnCb ((§) $5 34 per cwt), $2,710; misc supplies, 
$0,394; repairs, $0,547; total, $9.00. Press tank, 5.5 ft diam by 32 ft long, treats aver charge of 
3 700 bd ft m 8 hr (sometimes 3 charges in 2 shifts), never allowing more than 3 hr for impregnation 
at 180-lb press; sol contains 3% ZnCb, vol is calculated to give penetration of 0.75 m for heavy 
timbers, 3/g m for lagging and flooring, corresponding to aver 0.61 lb ZnC'h per cu ft. Hollingeu 
MINE, Timmins, Ont (588) finished ZnCh press plant at mid-1934 and in next 6 mo treated 

2 500 M bd ft, both green and seasoned, or all timber except lagging, track ties, and stulls. Con- 
sumption of ZnCb (applied in 6% sol) averaged 0 53 lb per cu ft, with penetrations of 2-2.5 in at 
150-lb press. Tank is 50 ft long and takes 700 cu ft of timber. Total time per charge: spruce, 4 hr; 
dry, sawn lumber, 2.5 hr; B C fir, 7-8 hr. Commercial treatment plants are located in many 
lumber centers and offer advantages to small mines not equipped to treat their own timber. Orders 
and specifications should be placed as long in advance as possible (say, 6 mo), to insure adequate 
seasoning before and after treatment. As a rule, specifications as to ZnCl 2 content and penetration 
for mine timbers may be less rigorous than for RR and structural timber, and price should be shaded 
accordingly. In southern 111 coal field in 1932, cost for treating with 0.5 lb ZnCla per cu ft was 12^ 
for sawn and 16^ for round timber, per cu ft. For advice on this and related subjects, the Service 
Bureau of Amer Wood-Preservers’ Assoc, Chicago, lU, may be consulted. 
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59. GENERAL 

Definitions and general plan. Filled stope, as term is used here, is one in which: 
(a) bupport for walls and men and, at times, for back of ore is furnished by waste rock, 
taihng or sand, which materials are called filling or gob; (6) filling is an integral part of 
stoping; generally the orebody is excavated in small sections, filled wholly or in part 
before adjacent ground is attacked; (c) excepting the crosscut method (Art 64) use of 
timber, if any, is for temporary support of slabs or back and is not systematic as m square- 
set stopes (Art 46, 47). Most filled stoping is done m overhand flat-back, stepped-face 
or rill stopes (Art 38) . Surface of fill is kept roughly parallel to stope back. As the stope 
progresses upward, chutes (usually of timber) are carried up through the fill, giving access 
to the stojMJ and delivering broken ore to level below. Height of section mined before 
filling depends on character of ore and walls, details vary with size and shape of stope and 
source of filling; modes of arranging haulage ways and of mining level pillars vary with 
strength of walls and ore and width of orebody; for examples see following articles. In 
overhand filled stopes, the operations of breaking or cutting a slice from back of stope, 
and then filling the excavated area, have led to the wide use of the term cut-and-fill. 
A flat-back filled stope is called a horiz cut-and-fill stope ; a filled rill stope, an inclined 
cut-and-fill stope, these terms are used in the following articles. The term filled 
STOPE is also applied to a stope mined by some other method and then filled with waste to 
prevent caving or subsidence. This is delayed filling, and may be used in open, 
shrinkage, or timbered stopes after completion; such work is described by adding the 
words “ with delayed filling ” to name of stoping method used, for example shrinkage 
stoping with delayed filling. Examples of delayed filling in different forms of stope 
are: Hollmger, Wright-Hargreaves, Coronado, and Homestake mines. Art 68; Horne 
mine. Art 43; Calumet & Arizona, Art 52; New Jersey Zinc, Golden Queen, and Carson 
Hill mines. Art 87. 

Source of filling. Usually, cheapest filling is waste rock, unavoidably broken with the 
ore, which is sorted out in the stope (Art 60) ; amounts of waste produced by sorting are 
usually insufficient, and must be supplemented by other material. 

Excess filling may bo supplied by: (o) Shooting down walla of lode; this obtains filling with 
little or no handling, and la feasible if >^all rock is strong, in w’eak rock, such excavations expose 
a strip of unsafe ground alongside of ore in back of stope (see Resu- 
ing, .\rt 61). (6) Driving crosscuts into walls, the waste produced 

is distributed m stope by barrows, cars or scrapers (Sec 27). Inclined 
raises in walla serve same purpose, discharging filling into the stope 
by gravity (Nevada Wonder mine. Art 60). Crosscuts and raises 
serve to prospect the walls, and hence are preferable for obtaining 
filling where parallel stringers are apt to occur. Methods (o) and 
(6) are used mostly m flat-back stopes, for relatively small amounts 


Fig 373. Caving for Waste. Diagrammatic 
Fig 372 Cross-seo 

of filling required in excess of that from sorting, (c) Using waste brought from surface; it may 
consist of mill tailing, sand, or waste rock which can be broken cheaply in an open cut. Such 
filling, usually sent underground through filling or waste raises, is transported laterally 
along levels in cars (occasionally by belt conveyers) and dumped through raises into the stopes. 
Fig 372 shows mode of obtaining waste rook at Los PilaRes mine, Nacozan, Mex (150). Glory- 
holes (Art 99) were opened in barren ground on the surface around raises R, which were 15 ft sq. 
Rook W8UJ broken with deep holes and heavy charges, and fell by gravity into the raise, at bottom 
of which was an offset connecting with drift T, and main waste raise W , Top of W was covered by 
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a griszly of heavy timbers 18 in apart, faced with steel, on which large boulders were broken. These 
raises terminated in bins, from which waste was distributed to stopes by electric haulage. There 
are many similar plans for obtaining waste for filling. Old dumps may sometimes be utilized 
by driving drifts and raises under them, (d) Utilizing waste from development work, thus saving 
or reducing cost of hoisting it, this is an important element in planning effic work in large-scale 
mining with numerous filled stopes and extensive exploratory and development work, as at Bisbee, 
Ariz. (e) “Caving for waste.” Under proper conditions, this gives cheap filling. Two parallel 
timbered drifts A (Fig 373) are driven in country rock at a safe distance from the mine workings. 
Inclined stopes S, 3.5 to 4 ft wide and timbered with stulls, leave a V-shaped pillar P between 
the drifts. Chute gates (Art 90) are erected in drifts, say 6 or 8 ft apart. By blasting out the 
stulls, the back of S caves and the material is drawn as needed into cars. Obviously this method 
is feasible only in rock which will cave when thus undermined (259). Waste filling for Frood mine, 
Sudbury, Ont, is supplied by drawing caved hanging- wall rock from nearby Creighton mine (Art 
68). At McIntyre mine, Schumacher, Ont (171), a large block of wall rock near the orebody is 
mined by sub-level stoping as source of waste supply (Art 43). (/) Drawing filling from upper stopes 
and reusing it in lower ones; feasible where it is unnecessary to support walls of orebody perma- 
nently. Allowance for swell of broken rock must be made m estimating cost and amount of filling 
material. 

Other details as to filled stopes; see Art 60 to 65. 


60. FILLED FLAT-BACK AND STEPPED-FACE OVERHAND STOPES 
OR HORIZONTAL CUT-AND-FILL STOPES, NARROW VEINS 

Suitable orebodies are steep-dipping veins of strong ore, up to 15 or 20 ft wide; walls 
may be either weak or strong (Art 66). 

Development follows practice in narrow veins (Art 14). If filling comes from outside 
sources, raises are necessary for delivering it into the stopes; main raises for passing filling 
to different levels should be continuous through successive lifts. 

Breaking ground (see Overhand stopes, Art 26 to 28). 

Stoping and filling. Fig 374 shows common practice in western metal mines. Stopes 
are started like open overhand stopes (Art 38). Ore from drift and cutting-out stope is 
sorted, and the waste used for filling other stopes. Level is timbered with lagged stulls 
or drift-sets (for choice, see Art 38). 



LONQIT SEC IN PLANE OF VEIN CROSS-SEC AB 

Fig 374. Filled Stope, Narrow Vein 


First back-stope is usually a thin slice, broken with light shots to avoid damage to level 
timbers; waste is sorted out and left on timbers; ore from first back-stope is often loaded 
into cars on level through holes formed by removing 1 or 2 pieces of lagging. Before 
starting a second back-stope, timbered passages C (Fig 374), called chutes, mills, mill 
HOLES, or ORE PASSES, are built 20 to 50 ft apart along the stope (Art 90). Work then 
proceeds as in ordinary overhand stoping. Chutes are built up periodically, to keep their 
tops at about the level of the filling. 

Access to stope may be provided by timbered passages, like chutes; usually, manways 
are formed by putting ladders in one side of 2-compartmont chutes. Openings D (Fig 374) 
serve as auxiliary entries during early work in stepped-face stopes. This description 
assumes that enough waste is rejected in sorting to fill the stope; if this bo insufficient, 
excess filling is obtained as described in Art 59. 

Sorting in stopes is usually possible only when ore minerals are easily recognized, 
where ore and waste differ markedly in appearance, or ore occurs in distinct bands or 
patches. Underground sorting is not feasible where fine breaking is required to separate 
ore from waste. 


FILLED FLAT-BACK NARROW STOPES 




Sorting diminishes amount and increases grade of ore secured. This may reduce plant 
and operating costs for handling and milling an ore, and give more profit than is obtainable 
by treating entire contents of vein; it also reduces amount of outside waste required for 
filling. Sorting may result in a profit from ore of apparently too low a grade to work, as 
illustrated by following figures from a western silver mine. An 8-ft vein was mined as 
shown in Fig 374; about 40% of material broken, carrying $2 per ton, was left m stopes as 
waste; remainder was sorted and sent to a concentrating and cyanide plant; mill extrac- 
tion, 90%; total cost of mining and treatment, about $9.90 per ton milled. Sorted ore 
had to assay $9.90 -i- 0.9, or $11 per ton, to pay expenses; minimum aver value of vein 



matter which could be broken to produce sorted ore of this value was (60 X $11) -h 
(40 X $2) -T- 100, or $7.40 per ton. Calculations to determine advisability of sorting are 
similar to those given under Resuing, Art 61. 

Mining level-pillars presents no difficulties if ore is strong, and if level is timbered with 
Stulls to support filling in stope above. Work is same as that of breaking a baok-stope 
wuth uppers, in weak ore, vertical posts or cribs, resting on filling, are required to support 
level-pillars, and prevent falls of ground as work progresses; such 
ground may be broken by holes drilled in floor of level above. If the 
level 18 required for haulage, etc, filling from outside source is neces- 
sary to replace ore in level-pillars. 

Fig 375 shows method at Waihi mine, New Zealand, of mining pillars 
under timbered levels (233). Work begins by placing heavy stringers A, 15 
to 20 ft long, on each side of track close to posts, 1.5-in bolts B are then 
driven into each post, their projecting ends resting on the stringer and sup- 
porting the posts when ground below is removed. Timbers C are wedged 
between bolts and caps, spreadeis D are placed at eacli set. The underly- 
ing pillar IS next broken down, each drift set laid bare being blocked up 
from Stulls E. When 3 or 4 sets ha\e been thus picked up, the open space is 
filled and stringers are moved on another length, their forward end always 
resting on solid ground. This method is used for vein widths up to 15 ft, for 
greater widths, stiills E would be too long to handle. Saddle-back seta 
(Fig 376) nre used for widths of 15 to 20 ft. Fig 377 shows method at 
Nevada Wonder mine for supporting stull and post timbering, other vari- 
ations are feasible. See also McIntyre Porcupine mine below. 

Examples of practice given below illustrate details of filled flat-back or stepped-face 
stopes in narrow veins; see also Resuing, Art 61. 

Block P mine, St Joseph Lead Co, Hughesville, Mont. Data from W. O. Vanderburg (677) 
in 1931. Fissure vein carrying Pb- Ag ore occurs in large syenite chimney or stock, cut by rhyolite 
dikes. Vein has known length of 4 000 ft. Ore is 1-4 ft wide, but stopes aver 5 ft. Dip, 65®-88®. 
Mineralization is distributed in lenses throughout vein. Walls usually well defined and stand well 
for the short time they remain unsupported; occasional stulls used in blocky ground m rhyolite. 
Ore breaks well, about 95So broken in primary blasting will pass an 8-in grizzly. Development. 
Fintry to deeper part of mine is through a 2-compt vert shaft, 1 200 ft deep (1931); first 350 ft was 
sunk in vein, next 300 ft in hanging wall, remaining 550 ft m footwall. Below 400 ft, level interval 
IS 200 ft. Drifts run along vein in both directions from shaft, timbered with drift sets. Raises, 
690 ft apart, are driven for exploration and ventilation. Length of stopes aver 400 ft, sometimes 
reaching 750 ft. Dnft sets are o ft c-c, except every ninth set, where spacing is 6 ft to accommodate 
chute and manway. vStopino is started by removing lagging over dnft sets and taking a 5-ft cut 
from back, the ore being shoveled into cars. Jigging is replaced, chutes built, and horiz cut-and- 
fill mining starts (Fig 378). Cuts, 5 ft high, are broken by uppers drilled with hand-rotated stopers, 
1 miner drills about 15 holes per shift, blasted with 30% gelatin dynamite. Selective blasting and 
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hand sorting are used to obtain high-grade product and minimize loss of ore. Amount of waste thus 
produced is more than enough for filling. Following methods of breaking depend on ore occurrence: 
(1) where ore and waste are in alter- 
nate bands across the vein, they are Table 41. Operating Data, Blocks Mine, Hughes- 
blasted together and waste sorted by ville, Mont (577) Year 1929. Tons hoisted, 106 242 
hand; (2) where ore occurs as single 
strong band, the waste is first blasted, 
then the ore, (3) where ore is weak 
and in one band, ore is first blasted 
and then the waste. Before blasting, 
flooring is laid over fill to prevent mix- 
ing of ore and waste; flooring is of 3-m 
planks, 8 and 10 in wide, 5 ft long. 

Sorted ore is shoveled into chutes by 
hand. Stope crew usually conswts of 
miner and shoveler. Chutes and man- 
ways are of framed sets of round tim- 
ber and are built up periodically by 
timbering crews; chutes are lined 
with 3 by 10-in plank, 5 ft long, and 
are 26 in square inside lining, man- 
ways, 32 by 26 in. Single-compt 
chutes without adjoining manw'ay were 
formerly used, but were unsatisfac- 
tory, repairing was difficult and it 
was dangerous to start ore running 
when hung up in chutes; manw’ay 
gi%ea safe and easy access to any point 
along chute. At end of a stope sec- 
tion, fill IS lagged off from unbroken 
ore by row of stulls o ft c-c, laced with 
pole lagging 3 - 0-111 diani. Horses of 
waste are left unniined (Fig 378). 

St opes are earned through to level 
above. About o ft lielow' le\el, stulls 
are placed 5 ft c*c and lagged with 
poles. Waste is run onto lagging to 
support track on the le^el. If walla 
are weak, atulla are al.so placed under 
drift sets before floor pnlar is remo\ed 
Vanderburg cites following advantages 
of cut-and-fill mining at tins mine: 

(1) complete extraction of ore, (2) 

\ery little timber is required, (3) ore 
H not held in slopes for long peiiods, 

(.1) decreased use of timber and use of 
waste for filling reduces tiaffic m shaft . 

(.'}) a high-grade product is obtained 
by caieful hand sorting, (tb good 
ventilation is obtained. (7) safe work- 
ing conditions, (S) fire hazard is small. 

I able 41 gives operating data for 
>ear 1921) 

Nevada Wonder mine, Wonder, Nev (234). Oiierations were suspended in 1919, but 
example illustrates proheiit-<lay praclieo in many small mines and in portions of some large 
ones. Gold-silver ore oerurred 111 fi.ssure vein 5-6 ft wide. Ore was fractured; walls, weak. 
Following the riitting-out stoi>e, level was timl>ered as in Fig 379, with 3-m plank lag- 
ging. ( ’hutes of 2-in plank ( Ai t 90) were at 25-ft intervals. A raise w^as then started in one 
wall, close to back of atoj>e and at a pitch of 40'^ to 50°; enough w’aste was broken to cover 
linilx'rs to depth of 2-3 ft. Waste was leveled off and covered wdth a plat of 2 by 12-in 
plank, upon which ore from first back-stope fell; the plat aided shoveling and reduced loss 
of tines 111 filling. Breaking ground began at one end of stope, 5-ft uppers being drilled 
with atope-driHs. Before renio\ang all ore broken from first back-stope, holes w’ere 
drillcil for the second, but were not charged. Ore was then cleaned up, some running to 
the chutes, the remainder liemg shoveled or handled in bairows. Plat w’as removed, 
chutes and manways w’ore built up and braced temporarily, and stope w^as filled by waste 
to within 3 or 4 ft of back. Waste raises were diivcn alternately in foot and hanging 
walls Ix'twoori every 2 chutes; a raise served 2 or 3 back-stopcs and was seldom over 
30 to 40 ft high. 

McIntyre Porcupine Mines, Schumacher, Ont. Data from H. G. Skavlem and D. E. 
Koeloy in 1933 (229, 171). Gold oro occurs in quartz veins and in irregular replacement 
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ment 

Mining 

Total 

A. Labor (man-hr per ton) : 




Breaking (drilling, blast- 




ing) 

0 116 

1,636 

1 751 

Shoveling 

0 120 

1.812 

1 932 

Timbering 

0 048 

0 508 

0 556 

Underground haulage. . 

0 045 

0.445 

0 490 

Pumping. ... 



0 096 

Hoisting 



0 165 

U nderground niiec .... 



0 175 

Supervision 



0 185 

Total labor underground 
Aver ton per man-shift 



5 350 

underground . . i 



1 495 

Surface haulage ... 



0 072 

Tool sharpening.. .. 



0 082 

Timber framing .. . . 



0 094 

Misc surface 



0 221 

Total labor on surface 



0.469 

B. Potter and supplies: 




Fxplosiv'es (lb per ton) 
Detonators (number per 

0 286 

2 568 

2.854 

ton) 

0 114 

1 963 

2.077 

Power (kw-hr per ton)- 




Air compression ... . 



9 974 

Hauling 



0 676 

Drainage 



1 134 

Hoisting 



4 886 

Tramw ay . . 



0.175 

Misc 



0 610 

Total power 



17 455 

Timber Pole lagging (lin ft per ton, 3 to 6-in 


dmni) 



6 234 

Stulls (hn ft per ton, 8 

to 12-in 


diani) . 



1.304 

1 Sawed stock (bd ft per ton) 


2 by 4-16 ft long , 


0 164 

1 by 4-16 ft long 


0 062 



2 198 

3 by 10-10 ft long . . 


1 531 

Toml 



3 955 

1 C T abor percentage of total cost 


72 63 

1 Power and supphea jicrcentage of total cost 

27 37 
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bodies. Wall rocks are generally lava-schists or porphyry; veins frequently along contact 

of these rocks. Aver width of 
ore is about 10 ft, but widths to 
100 ft occur; length of ore var- 
up to 1 200 ft. Dips, 60° to 
Lj ^ III early years all stoping 

^ ? W M shrinkage ; dilution from 

i >< 35 Wsw ^ ^ '^Lrar^^‘ weak walls and need of sorting 

^ caused change to cut-and-fiU 

and square-set methods. Mine 
^ ^ 3: i® developed by vert shafts; 

^ ^ levels, at 100-ffc intervals to 

1000-ft level and at 125-ft 
intervals below. Raises for 
H Wr Btope filling and ventilation are 

I ini I In 11 H H IT M W 250-300 ft apart. Fig 380 shows 

cut-and-fill practice. Chute- 
spacing at 35-150 ft was tried, 
8EC IN PLANE OF VEIN CROSS-SEC A B but standard interval in 1933 

Fig 379. Filled Flat-back Stope, Nevada Wonder Mine was 50 ft, with manway along- 
side every third chute. Cuts are 
8-ft high; breast is broken by mounted drifters drilling 10-12-ft flat holes. Powder con- 
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Fig 379. Filled Flat-back Stope, Nevada Wonder Mine 
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sumption, about 1 lb dynamite per ton. In strong ground breast may be 50 ft or more 
ahead of muckers. In stopes under 12 ft, scaly backs are supported by stulls. Handling 
of ore to chutes is by hand shoveling, or scrapers with air-driven hoists. Where scrapers 
are not used, ore beyond shoveling distance from chutes is loaded into 1-ton cars and 
trammed to chutes. Same type of car is used for spreading waste; for handling ore and 
spreading waste, sectionalized track of 16-lb rail in 10-ft lengths is used. As slope ap- 
proaches level above, cut-and-fiU mining is stopped, to leave floor pillar of a thickness 



dei>ending on width of vein and ground conditions; thickness of floor pillar rarely ex- 
ceeds 20 ft. I^evel pillar is mined by square-sotting, to preserve haulageway above (Fig 381). 
Sources of waste rock for filling are: (1) development and shaft sinking; (2) sorting in 
stopes; (3) old fill from finished stojics; (4) waste cross-cuts driven in walls of stopes; 
(5) regular waste stopes. ITse of waste crosscuts is confined to stopes remote from waste 
passes. Mode of obtaining waste by sub-level caving is described in Art 43. 

Anaconda Copper Mining Co, Butto, Mont. Data from J. A. O’Neill, Eng Research 
Dept, and J. J. Carrigan, Gen Supt, in 1939. For ore occurrences and development, see 
Art 46. Fig 382 shows detail of method. Through raise-<‘hute8 li to level above, driven 
125 200 ft apart along the veins, are later used for supplying filling from crosscuts in 
levels above. Sheeting caps and sheeting S (pole lagging or small stulls) support filling 
over sill or haulage level. A chute and manway T is carried through filhiig for extracting 
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broken ore from stope. One double-drum hoist scrapes both sides of stope into the chute, 
and also handles filling from through raise-chutes. Ore is shoveled on 2- or 3-in flooring 
on top of filling. Stulls with headboards support the walls when needed, and are salvaged 
before beginning each fill. In addition to low timber costs, the stope has the advantage of 
the good working conditions secured in all flat-back stopes, combined with close filling. 

Butte, Mont (219). Fig 383, 
from B. H. Dunshee, shows a 
sometimes useful adaptation of 
flat-back filled stopes, used at 
Butte in moderately wide veins 
with strong ore and strong walls. 
Stope breast was carried about 
twice the usual height, in 2 
benches, broken-ore pile being 
15-20 ft high. Waste was run 
anto stope through raise until it 
would no longer distnbute itself 
by gra\uty; thereafter, it was 
spread by cars on track laid on 
filling alx)ut 6 ft below back. 
Chutes were raised to level of 
filling track as toe of fill ai>- 
Fig 383. Back-filling at Butte, Mont proacheil them. Surface of lill 

was covered by 2-in plank Ije- 
fore breaking down ore, to avoid admixture of waste and facilitate shoveling. Method 
locally called “Back filling.” 

Filled stope in weak ore. J. E. Harding describes a method of mining a block of shattered ore, 
300 ft long, 100 ft high, and about 20 ft wide, at Mina Santa FavNci^^t Mexico (2.^0'. An oi>eti 
square-set stope, 4 to 6 sets high, had caught fire and caved. The stope was reoiwned several >c!irs 
later; ore had come down in huge slabs, and it was important to prevent surface subsidence Square- 
setting was not deemed feasible, because of cost and scarcity of limber Waste filling was obtainable 
cheaply from a nearby raise, connecting with a surface quarry. As shown by Fig 384. a drift was 
driven on 200-ft level through the caved area, and timbered with sill-floor square-sets with posts 
4 ft apart; little spiling was necessary. A chute and manway were started in every 4th sr^t, a 
cribbed raise A w'as put up to 100-ft level at each end of stope Starting on sill Hooi, at both enfi‘- 
of stope and both sides of drift, a room as high a.s the sets was taken ouf across the \eni, as fast a? 
ore was removed, the back was caught up with vert poets and headboards Filling, drawn through 




SEC IN PLANE OF VEIN CROSS-SEC X Y 


Fig 384. Filled Flat-back Stope in Weak Ore 

raises A, was kept close to face and stowed close to back, the stulls being buried. Waste was 
trammed to advancing face of rooms through a small drift in the back directly over the sili-floor 
sets; cars were loaded from temporary gates built into raises A. When the sill floor was mined 
and filled, successive slices 10 ft high were similarly mined above. In any slice, rooms were started 
at the end chutes B, and connected with waste raises A; filling was drawn in and rooms advanced 
halfway to chutes C; chutes B were then built up, waste drifts E started, and the rooms completely 
filled. Rooms were then opened from tops of chutes T, earned halfway to chutes D and filled, the 
process being repeated until slice was removed. Distance Ijetween fill and face of a room never 
exceeded 10 ft; less in bad ground. Stulls for supporting back on sill-floor and upper slices were 
10 ft long and 8-in butt diam, turned in a lathe and tapered to 0-in diam at other end; they were 
placed large end up, and were easily pulled out of filling with a hydraulic jack when uncovered in 
mining the slice above. This is a variant of the Crosscut method. Art 64. 
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61. RESUING (also called “ Stripping ”) 

Field of use for resuing is in working very narrow veins or paystreaks. 

General plan of work (Fig 386). P is a narrow high-grade streak, separated from a 
low-grade or barren portion AB hy gouge C. A flat-back overhand stope of minimum 
width is first opened alongside of a portion of the paystreak, as at AB\ the broken mate- 
rial is used for filling F. Exposed part of paystreak is 
then broken down clean and sent to level through chutes 
M, spaced 15 to 60 ft apart. 

Alternative methods: (a) Mine the vein from wall to wall, 
and sort out as much waste as possible in the stope; this produces 
more and lower-Krade ore than resuing (compare Art 60) (6) 

Carry a stope of minimum width (Art 27, 28), to include streak 
P, this gives amounts and grade.** of ore intermediate between 
plan (a) and reauing. (c) Soft ore may be picked out before 
breaking to full stoping width. Choice of method depends on 
amount of sorting po.saible in slopes, and costs of breaking, 
handling, and treatment. Resuing often yields larger profit than 
any of these alternatives. 

Requirements for the successful application of resuing: 

(a) A well defined plane of weakness, as a clay seam or 
slip on one side of paystreak. (b) 8toep dips arc desirable. 

(c) High-grade ore is necessary for mining narrow^ deposits 
with profit. 

Cold Springs mine, Nederland, Boulder County, Colo. 

Data from W. O. Vanderburg (290) in 1932. Tungsten ore 
(tungstate of iron, FeWO^) occurs as lenses in fiasure veins; 
w all rock is chiefly granite, frequently gncissoid. Aver width 
of ore-streak mined, 8-10 in, aver length, 80 ft. Aver dip 
of veins, 70®. Walls tend to slough when exposed more 
than 0 ft along dip. Ore and waste arc easily distinguished by visual inspection. Mine is 
doveloi>ed by 2-compt shaft 40 ft in footwall and inclined aUnit 71°; upper 3 levels are 
60 ft apart, hnver 3. 100 ft apart. No raises are driven in advance of stoping, but some 
tiniboreii chutes and manways through old stope fills are maintained as openings betw’een 
levels. CnblK'd chutes are 25 30 ft apart; ehute.s at end.s of stopes have manw’ays 
along.side 8tofK‘ is advanced by successive cuts 4-6 ft high. Method of breaking ground 
vari«‘S with character of vein. Where ore occurs as a single band, resuing or “ stripping ” 
IS used; w'a.ste i.s bla.stod fust, usually on hanging-wall side, and leveled off by hand. A 
sluH't-iron plat is then laid on the fill and exi>osed oie carefully bla.sted down with small 
charges of explosive, or taken down by hand moiling. Where ore and w’aste are too 
intimately associated for resumg, they are bla.sted down together and sorted by hand. 
Amount of W'aste thus obtained is more than enough for filling; excess is shoveled into 
chutes and hoisted to surface. In 8 mo of 1931, an aver of 0.446 ton of ore was recovered 
per man-^hlft of all lalwir, I 48 lb of 40% dynamite were consumed per ton recovered. 

Molybdenum Corpof America mine, Questa, N M. Data from J. B. Carman (402) in 1931. Veins 
carrying niolvbdcnitc (.MoiS2l occur in eone of branching and interfingerinK fractures m porphyry. 

idth of miMcrahr-.'ition vanes from fraction of inch to 6 ft, but vein walls are sometimes 10 ft apart. 
Streaks of high-grade ore not o\ er 6 in wide are commonly mined, but for whole mine aver width of 
iruitcriiil taken as ore is probablj 12-18 in Veins are commonly 200-500 ft long, extending down 
dip about ono-third their horiz length .Vverage dip is 00®, but wide local variations occur. Both 
vein and wall rock drill and break easily; molybdenite is very friable and must be blasted carefully 
to a\ Old loss in tinea (‘rround usually requires support given by filling, but in places open stopee 
are used .Mine is developed by several tunnels at various elevuitions, level interval, 40-100 ft. No 
raises are driven for stoping only. Fig 3S6 gives a cross-sec of a typical stope, showung variation 
in width of otc and occurrence of included waste Stopes arc start^ by taking cut from back of 
drift, jdacing drift .sets, and budding chute-pockets ,50 ft apart, manw.ay8 are carried alongside 
of alternate chute.s. Chutes and manw'ays are of round cribbing or stulls laced wuth split lagging; 
chutes are 3 ft square in.stde. no griirdiea are used. Stopes are flat-back. Ground is broken by 
uppers, rarely over .3 ft deep. Both machine and hand drilling are employed, hand drilling favored 
in soft giound because recov^ery of ore is cleaner and more complete; hand-rotated stopers used 
for harder ground. Explosive is 40% gelatin dynamite. Method of breaking ore varies according 
to ore occurrence and is carefully supervised. Resuing is used where possible, w’aste portion of 
vein l>eing mined before ore is broken down by picking or very light blasting. Plank flooring is 
sometimes laid on fill before breaking down ore, but usually All is simply leveled off. Ore is shoveled 
directly to chutes without use of wheelbarrows, in spite of wide chute spacing. Double handling 



Fig 385 Resuing 
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of ore is necessary in any case because of sorting. Enough material for filling is generally provided 
by waste necessarily broken and sorted out in stoping. In 1930, about 0.6 ton of ore was recovered 
per man-shift of all labor; explosive, about 3 lb per ton of ore. 

City Deep mine, Johannesburg, So Africa, For data on resuing in this deep mine, see Art 33. 



Fig 386. Vert Cross-sec through Typical Stope, Molybdenum 
Corp of America, Questa, N M 


Resuing vs other methods for mining a narrow, high-grade, gold-rjuartz vein; data 
from F. C. Roberts (238). In all examples, dip of vein is 85°, wall rocks contain no values, 

and as there is a clean slip on foot\\ all, stoji- 
ing can be done there without disturbing 
vein; general charges cover items of amort- 
ization, pumping, and general c.xpenso. 

Example A. Width of vein, 6 in, value, iJ48 
per ton. Vein and wall rock are broken to- 
gether m a stope 30 m wide, broken niateiml 
contains 20% ore and S0('c wa.ste, a\er \’alue, 
$9.60 per ton. 5% of the waste is .sorted in 
stope: .'>% of 80 ■» 4, hence 96% of tonnage of 
ore and waste broken is sent to mill, with a 
value of $9 99 per ton. Mill recovery, 75%, 
or $7.49 per ton. Cost per 100 tons milled is 
shown by accompanying statement. 

Example B. Width and value of vein same as in Ex.ample A Mining is done by resuing, 
a 30-in stope is earned in footw'all and the vein broken dowm clean after about 3 600 sq ft are stiipped , 
some waste from footwall stope had to be sent to surface. Mill recovery, 75% or $36 per ton. 
Statement shows cost per 100 tons milled. 

Example C. Resuing a 12-in vein; value, $28.80 per ton. Mill recovery, 75% or $21.60 per 
ton. Method same as in Example B. Statement shows cost per 100 tons milled. 

The same vein mined in a stope 30 in wide, where ore and waste are broken together, shows 
$124.38 profit per 100 tons milled, where 5% of the waste can be sorted in stoyies; if 20% of the 
waste can be thus sorted, profit is $196.50. 


Example A 

Tons 

Cost 
per ton 

Total 

Mining 

104 

$3 60 

$374 40 

Tramming 

104 

0 36 

37 44 

Hoisting 

104 

0 18 

18 72 

Milling 

General 

100 

1 44 

144 00 
198 00 

Total 



$772 56 

Value of gold from 

100 tons 

Loss 

749 00 
$ 23 56 
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Example B 

Tons 

Cost 
per ton 

Total 

Mining waste .... 

500 

$2.40 

$t 200 00 

Mining ore ... . 

100 

3 60 

360,00 

Handling waate. . . 

no 

0.48 

52.80 

Tramming ore. . . 

too 

0.36 

36 00 

Hoisting waste . . . 

1 to 

0. t8 

t9.80 

Hoisting ore 

too 

0 t8 

t8 00 

Milling ore. . 

too 

t 92 

t92 00 

General 



252 00 

Total 



$2 t30 60 

Value of gold from 1 00 tons . . 

Profit 

3 600 00 
$t 469.40 


Example C 

Tons 

Cost 
per ton 

Total 

Mining waste 

250 

$2 40 

$ 600 00 

Mining ore. . . 

100 

3.60 

360,00 

Handling waste. . . 

23 

0.48 

11.04 

Handling ore. . . 

too 

0 36 

36.00 

Hoisting ore 

too 

0.18 

18.00 

Hoisting waste ... 

23 

0.18 

4.14 

Milling ore. . . . 

100 

1 92 

192 00 

General 



240 00 

T* nf.Al 



$1 461 18 

Value of gold from 100 tons. . . 

Profit 

2 160 00 

$ 698.82 


62. FILLED FLAT-BACK STOPES OR HORIZONTAL CUT-AND-FILL 
STOPES, WIDE OREBODIES 

Field of use. Oro should stand unsupported over back of stope or with no greater 
support than is afforded by posts or cribs resting on filling. Strong walls are not a requi- 
site. General dip should be steep, but local variations in dip of foot- or hanging-wall, 
contacts are not serious handicaps. For use of filling methods in weak ores, see Art 64. 

General plan of work is same as for narrow veins (Art 60). Filling for wide stopes may 
be obtained in part from sorting or by breaking into walls, but generally it comes from 
outside sources and is delivered to stope through raises. Wide orebodies often call for 
more than one haulageway under stope to afford proper chute spacing. Rib pillars 
between stopes are usually necessary to limit size of stope; m wide orebodies, narrow 


r^A 



Fig 387. Filled Flat-back Stope, Minnesota Iron Co, Soudan, Minn 


dimension of stopi> is usually in direction of strike. Examples of practice are given below 
and in Art 63, 64. 

Minnesota Iron Co, Soudan, Minn (36, 153, 183, 239). This is a classic example of 
early pi act ice in U S. (3rol>odies were overlapping lenses of hematite, varying in length 
fioin 2(K) to 1 000 ft, in width from a pinch to over 100 ft, and m vert height from 250 to 
r>(K) ft ; dip, 65^^ to 75®. Ore wa.s very hard and strong; walls, weak and soft. Method 
OF MiNiNO (Fig 387, 388). Oveihand, flat-liack stopes were carried with alternate ore- 
broaking and filling; timbered gangways were kept open through the filling; an occasional 
crili supported loose slabs in back of stope. Entry was by several inclined shafts in foot- 
wall, level interval, 80 ft. Ix^vels wore oiieiied by driving wdde crosscuts from shaft to 
hanging wall; a 7 by 8-ft drift was driven through center of lens, followed by a breast 
stope (Art 30), which took out full width of doi> 08 it to a height of 15 to 20 ft. Gangways, 
following advance of breast stope, consisted of 3-pieco round-timl>er sots (Art 20), with 
9-ft posts, 11 -ft caps; the sots were 3 ft apart, close lagged and held in place with sway- 
brace-s. I'ig 388 shows plan of gangway. At chutes, sets were of 20 to 24-m timber. 
Top lagging was 6 to 8-in diam, side lagging 3 to 5-m. Cribbed ladder-w'ays, 6 ft square, 
were built up on hanging-wall side of gangway at 50-ft intervals, and similar chutes every 
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Waste /_ 
KaiseR 


Fig 388. Plan of Part of Level, Minnesota Iron Co 


25 ft along footwall side. When timbering was finished, stope was filled with waste to a 
depth of 12 to 15 ft; there should be at least 5 ft of fill above gangway sets. A 10-ft slice 
was then broken from back of stope, the ore being thrown into chutes; as stopo advanced, 
chutes and manways were cribbed and a new layer of filling was put in, leaving a 6-ft 
space between fill and back of stope. Successive back-stopes about 15 ft high were taken 
as long as the back would stand safely under the filling in stope above ; level-pillars were 
usuEilly 6 to 10 ft thick (153). Waste for filling was admitted through 6 by 6-ft raises R 
in the footwall, with one side following contact between rock and ore. Raises were about 
100 ft apart and terminated in an open-cut at surface; the side exposed by stoping was tim- 
bered before filling was run into the 
stope; this allowed filling to be drawn 
into stopes at any elevation and 
maintained raises for future service 
3 o o » in lower lifts. Filling was distrib- 

uted in small cars, loaded from 
temporal y chute gates erected in 
raises. For upper lifts, filling was 
obtained by blasting walls of open- 
cut; the filling m exhausted upper 
lifts was drawn downward and used 
in lower stopes; m narrow parts of 
deposits, filling was done with lower 
handling costs by breaking down the 
walls. 

Arizona Copper Co, Morenci, Ariz; data from P. B. Scotland (178, 152). Sulphide 
ores occur as disseminated deposits in quartz porphyry and as fault fissure veins in granite 
Oreshoots to which this method was applied carried 2.5 to 2.8% Cu, and were irregular m 
outline; lengths, 450 to 1 750 ft; widths, 6 to 200 ft, commercial ore extended to depths 
of 450 to 800 ft. Hard ore which stood well was mined in flat-back filled stopes (Fig 389) ; 
locally called open stoping and filling. A slice, 15 to 20 ft high, was taken over whole aiea 
at bottom of shoot; one or more raises were driven to surface or to level above for 
ventilation and filling; chutes and 
manways, about 75 ft apart, were 
erected from tramming level and 
the stope was filled to within 8 ft of 
back. If orebody was on an im- 
portant haulage level, stope was 
opened 10 or 15 ft above it. Back- 
stopes were 15 to 20 ft high. Filling 
was distributed in cars; experi- 
ments with mechanical scrapers 
were unsuccessful. Excepting a few 
cribs or square-sets to support 
loose slabs, the only timber re- 
quired was for chutes. Several 
stopes in Metcalf mine were so wide 
(up to 300 ft) that pillars amount- 
ing to 5% of orelx>dy were left to 
suppoi-t walls and back. Danger 
from unsupported backs limited 
use of method to the firmest 
ground. Filling was obtained 
cheaply from surface quarries or 
glory-holes. (For other methods at Morenci, see Art 35, 46, 65, 68, 73 ) 

United Verde mine, .Jerome, Ariz. Data from T. W. Quayle (227) in 1931 and W. W. 
Lynch, formerly Mine Supt. Large body of pyrite occurs in a steeply dipping invertcii 
trough, with diorite hanging wall, schist and porphyry footwall. Bodies of copper ore 
occur within the pyritic mass and usually extend into the footwall. The walls are generally 
commercial limits of massive sulphide on hanging-wall side and of schist or porphyry on 
footwall side. Main orebody is about 1 200 ft long, varying in width from a few ft to 200 ft. 
Except in some schist zones, ore is strong and stands over large areas without supiiort 
except occasional cribs. Massive sulphide hanging wall is generally very strong. Foot- 
walls of schist or porphyry usually require prompt support. Much ore is high enough in 
grade to be wnelted without concentration and hence must be mined to give high extrac- 
tion with little dilution from waste. These conditions, combined with irregularity of 
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walls, were reasons for favoring horiz cut-and-fill method in the past, although some 
shrinkage and inclined cut-and-fill stoping were used. (Future plans call for wider use of 
inclined cut-and-fill. Author, 1939.) Development. There are 3 vert footwall shafts, 
and 2 adits, on 500- and 1 000-ft levels. Level interval generally 150 ft. On each level a 
main crosscut intersects middle of orebody, and drifts near the sulphide-schist (or por- 
phyry) contact determine the length of ore. Width, shape and characteristics of ore on a 



Fig 390. Chute and Gangway Timbering, United Verde Mine 


level are dotormiiie<l largely by diamond drilling (Fig 48) ; these data guide the planning 
of stopcs, a<lditioiial haulageways and raise.s, and spacing of rib pillars. Stoping. Orig- 
inal practice in cut-and-fill work was to .sill out stopes on levels and then establish timliered 
gangways, but gangway timbeis recpiired costly maintenance. In later practice, cutting- 
out floor \Nas U1 ft al)ovo level, which aKo involved 
timljoied gangways (Fig 390>, timber maintenance 
was 1 educed, but ^till high. Still later practice was to 
sill tlie slope 21 25 ft above lex el. axoiding timl>enng 
of gangways altogether Stopes xvere laid out to give 
max size consistent with safe mining, dimension.**, 30- 
100 ft acioss the ondxidy and 00 20<) ft along strike. 

."tope (liineiisions wcie also affected by ne<*essity for 
Tuaintaiiiing legulaiity in the x ort-pillar system, liaises 
xxere 0 by 11 ft, with a cribKal inanw'ay compt, the 
rhute side l)eing untimliored. For stopes UK) ft or more 
long, 2 w’aste laiscs xxeio driven, one at one end and 
the other near center of slope, smaller stopes had only 
1 (ill raise. Wheie 2 till raises xvere used, the timber 
was strippeil from both; xvith only 1 raise, its timl^er 
was left in pla('o to hold the raise* oiien for ventilation. 

.'billing opoiations weie usually started from one w’ast-e 
lai.so 21 25 ft alxxx'e lail; sill-floor cut, 7 ft high. 

( ‘hute raises connecUvl the haulageways with the atop© 
at 10 r>-ft intervals 111 ma.s.sive sulphide, and 22-ft inter- 
Auls in schist or iiorphyiy. After sill reached pillar 
lines and ore limits, a se*eoiid 7-ft cut w'as started from 
a wa.ste raise*. In stopes having 2 raises, the cut was 
start e*ei from the one near end of stope. Tw'o rows of 
7 to 8-ft flat holes were dulled by drifters; loaded 
with 50% gelatin dynamite. Before starting filling, 
sill flooring W'as laid, of 4 by 12-in, 5 ft 4 in c-c, and a 

double floor of 2-in planks, 10 ft 8 m long, placed to break joints; purpose of flooiing on a 
solid floor was to aid level-pillar re»covery. “Pillar fencing” was built along faces of 
the vert pillars, of 6 by 8-in posts 8 ft long, spaced 3 ft 7 in c-c and covered with 2-in plank 
7 ft 2 in long, with staggered joint.8. Chutes w’ere of 5 by 8-in cribbing, 5 ft 3 in long, 
lined with 4-in pine and sheathed out-sido with used 2-in flooring. Where manways ad- 
joined chutes, construction was as in Fig 391. Grizzlies over chutes were of inverted 



'wWslIcrib 

PLAN 

Fig 391. Cribbed Chute and 
Manway, United Verde Mine 
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60-lb rails with 11-in openings. Waste was distributed from temporary chute pocket 
under waste raise by 18-cu ft scoop-body cars on 18-in gage sectional track. Track 
sections were of 8-ft straight lengths, curves of 9-ft radius, and standard switches; rails 
riveted to by 4-in steel-plate ties; sections connected by slip-joint tie and a spike; no 
bolts necessary. Fig 392 shows stope procedure. Stope continued upward by horiz cut- 
and-fill to within 20-30 ft of level above. Both floor and vert pillars were later mined by 
square-setting. For further details and other methods, see Bib 227, 524. 



Fig 392. Typical Cut-and-flil Stope, United Verde Mine, Jerome, Aria (227) 


Bollinger mine, Porcupine, Ont. Data from A. W. Young (300) in 1935. For geol 
features, see Art 68. Ore bodies range from narrow single veins to groups of veins forming 
ore zones to 100 ft width. Horiz cut-and-fill method is used foi wide orobodies, iriegular 
and often erratic systems of closely spaced, branching and connecting veins, newly devel- 
oped lenses between old stopes, and narrow veins having bad walls. Fig 393 shows appli- 
cation to a branching orebody. Level interval, 150 ft. Ore is silled out to height of 
17 ft and timbered haulageway is built. Combination chutes and manways, 0 by 12 ft, 
are 200 ft apart; they are of cribbing, either 8-in round or 10 by 10-in sawed timlior 
Chutes of round cribbing are lined with 3-in plank; unlined if of equaled timber. Fill 
raises to level above are midway between chutes; cuts 10 ft high are started from lliem 
and run in both directions. Three rows of flat 8-ft holes are drilled w'lth mounted drifters. 
Ore IS hand shoveled into 1-ton rocker-bottom cars and trammetl to chute; same type car 
used for spreading fill, which is leveled off to within 10 ft of back; flooring of 3-in fir or 2-in 
elm is laid on fill to prevent mixing of ore and waste and aid shoveling. As breast advances, 
timber sets are erected on the new fill and kept close to working face; caps or stringers 
of 12 by 12-in are set on round posts resting on sills. Cribs of 12 by 12-in timljer supplement 
the sets in bad ground. Fill is kept close to advancing breast and miners usually set up on 
filling rather than on broken ore. Nearly all stope timber is recovered and reused. Before 
blasting, sets below that may be broken are removed. Power-scraping is used m some 
stopes for delivering ore to chutes and distributing fill. Filling comprises development 
waste, plus sand and gravel excavated by dragline scraper from deposits alxiut 3.5 miles 
distant and transported to mine by aerial tram (235). Kecovkry of level pillar. 
Depth of this pillar depends on width of stope and nature of ground. Fig 394 show's a 
retreating method of removing a 20-ft pillar. Aver figures for all ciit-and-fill stopes dur- 
ing 1934 are. tons broken per hole drilled, 3.613; direct stoping labor and explosive costs, 
per ton broken: breaking, 31.1^; timbering, lOff; filling, VZ.2^\ mucUng, i}6.4f^; stope 
and sub-level develonment, 7.8^; total labor, 97.5ff; explosives, 12. 2^; total, $1,097. 

Creighton mine, Ont (93). Geol features and former mining by shrinkage are described 
in Art 68. As ground conditions are no longer suitable for shrinkage, recent (1937) 
methods are hoiiz cut-and-fill and square-set. Much of square-set operations is to recover 
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level and rib pillars. Horiz cufc-and-fill stopes, running longitudinally, are used where 
possible. “Silling” (cutting-out stope) is on the level or 30 ft above rail. A permanent 
flooring of cedar plank is laid on sill floor before fill is begun. Chutes at 22-ft centers are 
cribbed, have 4-in plank lining, and incline to conform with general dip of footwall. 
Grizzlies are of 60-lb rails, inverted and spaced for 11-in openings. Breast drilling is done 



Irom the ore pile. Flooring on top of fill for hand mucking is of 3-in plank. Fill is carried 
within 0-7 ft of back. Waste raises are 7 by 11 ft; criblx'd manway used in driving 
raise serves for ventilation and handling supplies into stope. 

Matahambre mine, Piiiar del Rio, Cuba. Data from G. L. Richert (237) in 1929. 
Tabular bodies of oio, averaging 4.2.5% Cu in chalcopyrite associated with pyrite and 
quartz, occur in 1 prominent and 2 loss important fracture zones across sediments, chiefly 
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shale and metamorphosed sandstone. Dips, 42®-45®. Footwall, usiia y q ’ ® 

well; hanging wall, usually shale, requires prompt suppoit. m h 

increased from 100 ft to 150 ft. Development is by vert shaft; haulagcways are drifts 
or crosscuts, Stoping is by horiz cut-and-fill; unusual feature is manner of with 

mill tailings. Bottom of sill-floor cut is 14 ft above rail, 


cut, 12 ft high. Chuu ii-ises 




16 *Bowl 

Mill 


are 50 ft apart, with manway alongside each third chute. Fill raises to level above are 
100-150 ft apart; at least one raise per stope has laddois. Flooring of hardwood slabs 
and poles is laid in sill-floor cut before fllling. Chutes are of 8-in round timlx^r, framed to 
obviate use of nails. Cuts are started with stupor drills m center or at end of the stope 
and continued with jackhammers. Ore is usually hand-shovele<l to chutes; or wheel- 
barrows, if chutes are far apait. 
At ter stope has advanced to 
within 15-20 ft of level alx)ve, 
square-sets are used to remove 
level pillar. Fillino. Mill tail- 
ings are pumped to a 30-ft Ixiwl 
classifiei situated on surfac'c near 
a raise leading to mine (Fig 305). 
^ 2 Slime ovei flow goes to tailings 

pond; watei is added to rake 

n! ^ — product and delivery to mine is 

through 2 5-in rubber-lined pipe. 
Pipt‘line .system extends to stopes, 
where sand is distributed by 
hose. By huihlmg up small sand 
dams, any part of stope can be 
filled. Before filling, the chutes 
and manways are wrapped w'lth 
burlap to I)re^'ent wa.shing of 
sand through cribbing. Wat(‘r 
seeps through the burlap and 
out of stope m about 12 hr, 
surface of fill is level and hard. Advantages of classified null tailings over previously 
mined surface waste are; case of handling; no spreading, flexibility, fewer lai.ses rc(juired, 
better suppoit of walls. Foi further details, see Art 92. 




Ore to shatt 


Fig 395. 


Matahambre System of Filling Stopcs 
(Diagrammatic) 


63. FILLED FLAT-BACK STOPES, WIDE OREBODIES 

(Baltic Dry-wall Method) 

Champion mine, Painesdale, Mich. Data from A. Mendelsohn (488) in 1931. Ore 
occurs largely in brecciated cappings of tilted lava flows, which dip at 30^-70^. Lodo is 
nearly straight for long distances along strike. Hanging wall of a lode is the Ixittom of 
next succeeding lava flow; footwall is the trap lying under amygdaloidal top of flow. 
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a some piacra Mes outcrop; in others they are covered with glacial drift. Lode at 
h^pion 18 m the t^cciat^ top of “Baltic” flow; length on property, 8 000 ft; dip is 
rn^rm for 3 000 ft in depth, then flattens slightly. Aver width of ore mined in 

930 was 17 ft. I-jode rock is very hard. Hanging wall is seamy lava requiring prompt 
apport. hofitwall is irregular and becomes more “trappy” at depth. Native copper 
ccurs in irregular patches and must be sorted. Ore shipped in last 5 mo of 1930 ran 
6 lb Cu per t<>n; before sorting, 25 lb per ton. Development is by 4 inclined shafts in 
he lode. Mam levels are 100 ft apart along dip. Drifts follow the ore as far as possible, 
>ut avoid sharp curves for haulage reasons; they serve to explore as well as to develop. 
stopino. Itocent mining is largely by a retreating system (see below); earlier method, 
he Baltic Dry-wall,” is still used in upper levels (1931). Distinctive features of “dry- 
sall method, devised by F. W. Denton, are: (a) use of dry stone walls to maintain gang- 
vays and chutes through filling; (6) mode of mining level-pillars; (c) devices for dis- 
ributing sand filling in slopes. According to A. Mendelsohn, Gen Supt, following 
lescription from earlier editions of the Handbook is correct as to current use of the method. 
Description based on notes by author m 1910, by C. W. Crispell, 1916, data by C. T. Rice 
,141) in 1912, and by W. H. Schacht (555) in 1923. 

Dry-wall gangways; drawings from C. T. Rice (141). Copper rock (ore) from drift 
ind cutting-out stope is sorted in the level, waste being thrown aside. Building of gang- 



Fig 300 Dry- wall Crangway, 

Baltic Method 



Fig 397. Gangway with One Composite Wall 


ways follows at a convenient distance behind the sorters; Fig 390 shows type form and 
dimensions 

Stones for facing the walls aio 14 to 30 in long, longer pieces when available, or old 
timbers, are used as ties liotwecn the faces. Face stones break joint, to avoid planes of 
weakness. F'aces of walls next to drift are battered 3 to 4 in m height of 7 ft. Rock of 
Baltic lode tends to break into tabular forms, convenient for facing walls; stones are 
sliaiied by hammers wheie necessary. Toi> of gangway is covered with lagging on caps 
(wall-ineces^ spaced 3.5-ft centers; piossure from w all-picces is distributed by a 2 by 12-in 
plank on top of wall. Fig 397 shows construi'tion where lode is too narrow for two 4-ft 
walls; a wall of usual width is built along footwall, where heaviest pressure from filling 
occui s, lianging-wall ends of wall-pieces R'st on a horiz timber A, 2 in or more in thickness, 
supixirtcd on posts under each wall-piece. Timber A 
IS spike<l to each post, a narrow' stone w’all is built 
Ix'tw’oen posts, and space Indiind filled with w'asto. Such 
composite walls are adequate along hanging wall of 
narrow' parts of lode and cost loss than those in Fig 396. 

Undf*!' wide stopes, a 4.5-ft or thicker wall is required 
to withstand side thiiist of filling; 3.5 ft is the mini- 
mum width of a strong dry wall. Fig 398 shows gang- 
way construction where suitable waste is not available 
foi w'alls like Fig 390, 3-.sitled cribs (pigsties) are built 
on each side and filled with wmste. Such w alls stand 
well, but fail when timlu'rs rot; in these mines ventila- 
tion IS goo<i and timbers last 0 to 7 years. Diy walla 
can 1)0 repaired by rebuilding small sections under protection of a false set which sup- 
ports ends of wall-pieces over section under repair. 

Dry-wall chutes (nulls) are built at intervals of 30 to 70 ft; practice favors longer 
intervals and the use of cars in stopes for handling ore. Covstri'CTion of such chutes is 
shown in Fig 399. The larger stones are used in inner walls t-o withstand wear of falling 
ore; outer w'all takes most of thrust of filling; central core of loos^e stones allows 
outer wall to adjust itself somewhat to pressure, without disturbing inner wall. Walls are 
started from timbers, which are protected from wear by placing rocks above to overhang 



Fig 39S. Cribbed Gangway 








ing is then started on hanging-wall side, and waste sorted out is used for filling space on 
footwall side of drift. 

• Fig 400 shows one way of starting a stope; first back-stoi>e, 6 ft high, produces a pile 
of ore about 9 ft deep, the forward face of which, AB, protects lagging when the cut CDEF 
is blasted. Sorters at S work the ore through lagging into the level; waste is thrown back 
and to the sides. Where feasible, lagging is covered with waste before stoping begins. 
Before starting a second back-stoi>e, chutes are built up, and the stope filled to within 8 or 
9 ft of the back (Fig 401). Interval between chutes must be adjusted to strength and con- 
dition of walls, so that unsafe wall areas are not exposed between the fill and the pile of 
broken ore. Sorting does not usually furnish enough waste for filling; excess filling is 
obtained through a raise from above, by shooting out footwall, by driving inclined raises 
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into walls, or by sand filling (see below). W. H. Schacht states: of totsd fill used at 
Champion mine, in 1920-23, 43% came from sorting in stopes, 15% from footwall explora- 
tions, 15% from poor backs, none of which required handling. Filling requiring handling 
comprised: 12% from walls, 9% from development, 6% sand fill. Total fill, including 
sand, 60% of tons ore broken. Fig 401 shows second backnstope; a 1-ton car conveys ore 
to chute; waste is thrown back and aaide; in higher back-stopes, waste may be trammed 
to a point like F (Fig 404). As stopie face advances, mills serve alternately as chutes and 
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Fig 401. Back Stoping and Filling, Baltic Method 
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ladderways. Successive back-stopoa are carried to a height of 60 to 75 ft; questions of 
safety, cost, and economy of timber led to adoption of method in Fig 404 for mining the 
remaining level-pillar. 

Irregular distribution of copper in lode requires operation of a large number of stopes 
to maintain regular output; individual stopes advance slowly; removal of level-pillar 
destroys gangway above. These conditions, combined with practice of mining outward 
from shafts, often require a level-pillar to stand untouched from 3 to 8 years, during which 
time ground liecomes heavy, and unsuitable for flat-back stoping. It is proposed to apply 
Baltic method as a retreating system, to shorten time before level-pillars are mined; then 
a larger level interval might be possible, as well built stone chutes stand wear of falling ore 
for long iicriods. Width and dip of Iwle are also related factors influencing level interval, 
as chutes should l)e vert, if possible (Fig 404). 

Sorting is done carefully by special men ; rock showing even a speck of copper is sent to 
chutes. Largo boulders are broken and the pieces examined; bosses decide W’hether fine 
rock, requiring shoveling, shall be classed as waste or ore. Few fines are produced in 
breaking, hence loss of fines in filling is small; a layer of fine waste, placed on top of the rock 
fills in stoics, eases work of shoveling; fines may be recovered by skimming off an inch 
or so of this when the stope is cleaned up. (Sec Mining level-pillars, below.) 


Mechanical loaders. a« used in slopes (482). are shown in Fir 402. The shovel (a) is a special 
Thew Electric, with a 20-hp motor and caterpillar tractor, loading into a hopper (6), which dischargee 



Fig 402. Mechanical Loading, Champion Mine 


onto nn Jirmorerl picking belt (c). Wa«tc picked from belt is used for fill. Belt outfit weiglis 16 tons; 
length, 24 ft, with 12 ft effeetive for picking, width, 4 ft, height at discharge end, 8 ft. Picking 
surface is of treated fir slats, 4 in thick, with cast slu^es at ends, covered with 0.25-in steel plate 
and connected by links. ShocK run or slide without rollers on oiled angle-iron track. A shock 
platform at loading end cushions the impact of a dipper (Vs rii ,vd) of rock When in use, belt 
frame is anchored to track by 2 wheel-clamps, it is manned by 2-4 pickers, speed of travel, 6-8 ft 
per min, about I/4 of rock broken is rejected. Belt delivers to a 4-ton, hopper-bottom dump 
car (d). This loader delivers lower-grade ore than hand loading; its use appears justified only dur- 
ing labor shortages. For details, see Bib (482), and Sec 27. 
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Breaking ground in flat-back stopes is done with breast holes 7 to 10 ft deep (Fig 
400, 401). W. H. Schacht in 1923 (555) states that breaking ground is done in horiz 
slices 4-5 ft high. One row of flat holes is drilled across the back; distance between 
holes, 5 ft; depth, 7-10 ft. Drifts, of full width of lode (10-30 ft) and 10 ft high, are 
advanced by first blasting a cut at one side of the drift, then taking successive vert slices 
across the face. Slices are 18-24 in wide. Depth of holes, to 10 ft; 20-40 holes are 
required to square a cut, depending on width of drift, character of ground and copper 
content. Heavy, mounted, wet hammer drills are used in both stopes and drifts; 30% 

ammonia powder in stopes, 40% in 
drifts. Distance between back and top 
of filling affects height of back-stopes 
taken; enough muck must bo made to 
afford a place to set up drills; for usual 
relations between these factors see Fig 
401; if filling is low, a high pile of 
broken ore may be obtained by work- 
ing 2 back-stopes simultaneously, with 
their faces close together. 

Mining level-pillars (locally, “cav- 
ing pillars”). Woik begins at a raise at 
the boundary, or at a point midway 
between shafts, and retreats to shaft- 
pillars. 

A nil stope (Art 38, 05) is started 
from bottom of the raise; cuts are in- 
clined at angle of repose of filling. 
Fig 403. Mining Level-pillars, Baltic Method which is 40°; miners work on waste, 

which is dumixid through raise as fast 
as ore is sorted and removed. Stope is enlarged to dimensions as in Fig 403; all 
broken ore is then cleaned up and portion L of the 8-ft pillar remaining under the level 
is shot down from wall to wall. This allow's dry-walls and filling in old stope above to drop; 
projecting stub M of the 8-ft pillar keeps open a vert space 6 or 7 ft high along face VN . 
Rock-filled cribs are put in at toe of stope, 'when needed. Rost of level-pillar is mined as 
in Fig 404. Stope-dnlls are used, putting m 5 to 6 half-uppers, 6.5 to 7 ft deep per dnll- 
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Fig 404. Mining Level-pHlart, Baltio Method (Diagrammatic Sections) 


shift. Usual crew, 2 machine-men and 2 sorters. After round at A is blasted, holes C are 
drilled. Then all broken ore in G is sorted out and removed ; 3 men may take 1 or 2 weeks 
in cleaning up the stope. Next, round B is blasted; waste runs in from alxive; sloping 
face of stope is kept open by the stub of pillar left at C, and process is re ideated. Holes at D 
for string a new slice may be drilled before broken ore is removed and while the back there 
is easily accessible. Practice of drilling holes at C before they are needed is a safety pro- 
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aution, as the stub must stand for a considerable time and the ground becomes dangerous 
0 work under. In narrow parts of lode or in strong ground, rill slopes for mining level- 
•illars may bo carried with stepped faces (Art 38). Ground is broken with breast holes, 
i^hich are more effic than uppers in this lode, but barring down takes longer, and this method 
3 not so safe as that in Fig 404. 

Sorters work at E, and along face of pile of broken ore, waste rock may be piled at sides of stope 
r dumped at F. Two chutes must be kept open, one foi ore and one for a ladder way. At the end 
f a stope, a mill is built close to the shaft-pillar and another about 25 ft away; when toe of fill 
overs the latter, stoping is stopped and the remaining piece of level-pillar is abandoned. Ore from 
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Fig 405. Sand-blowing Tank, Champion Mine, Mich (.F. W. Denton) 


tub ends of pillais li and C (Fig 404) mixes with waste, which rushes in from above when they are 
liot down, about 50’ [, of this ore is lost in the filling. Filling drawn downward in mining level- 
>illara is icplonmhed by waste from de\clopment, dumi>ed into stopea at surface or from an upper 
e\cl. Filling will readily wrork down through 5-0 levels, hence, at intervals, levels must be kept 
;pen for tramming waste in stopea liclow. Pillars under these lex els are perforated by raises, 
i^est height for lex-el-pillais is about 35 ft; smaller heights do not take full advantage of low cost 
if ore from piilar-mining, if lugher, the back may become bad before top cuts can be taken, and 
t IS difTicult to work broken ore down the longer slope of the filling to the sorters If patches of 
inmined low-grade ore occur over a level-pillar during stoping, raises are carried up through such 
ireas to tap the filling in stopoe abox’e. 

Sand-filling. Mill tailing, called sand, is hauled hack to the mine in 40-ton R R cars, 
:o supply some of the excess filling required in flat-back paits of stopes. 

At Champion mine, the sand is dumped at surface into a raise, roughly parallel to No 4 hoisting 
«haft and extending to 17th level. Sand w drawm at any desired level through chute-gates into 
36-cu ft, bottom-dump, hopper cars, moved by electric haulage. Where sand-filling is practiced 
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levels are connected to stopes below, at intervals of about 300 ft, by 4 by 4 to 4 by 6-ft raises, 
through which the sand is dumped. Sano-blowinq tanks, operated by compressed air, have been 
used to distribute the sand laterally in the stopes (Fig 405, from F. W. Denton). Cylindrical tank A, 
on a hght angle-iron frame B, is set on top of fill under a raise, as at 7*, Fig 402. Bottom of raise is 
closed by a sollar, to which gate C is attached. Opening at top of tank has a counterweighted gate D, 
which makes an air-tight closure against gasket E. Tank terminates at bottom in a tee F, connected 
to a line of 4-in pipe K, laid on surface of completed fill and moved or extended as necessary. The 
Dresser coupling is important, in allowing the pipe line to be deflected slightly at each joint. A 
connection is made at G with air line supplying the drills; valves H admit air to top of tank and to 
blower jet J. Operation: A tank of sand (1.5 ton) is drawn from raise through gate C; compressed 
air is turned on, forcing gate D tight against its gasket and putting the sand in tank under pressure. 
Under combined effect of this pressure and the blower jet, the sand is forced through pipe line K. 
When tank is empty, air is shut off and a new charge of sand drawn in. By shifting the pipe line, 
the end of a new layer of filling is built up across full width of stope. 

Tank is operated by 1 man, it works successfully with pipe lines 100 ft long; at 70-lb air pressure, 
some sand is thrown about 20 ft beyond end of a 70-ft pipe line. Observations on 15 runs (with a 
28-cu ft tank, air pressure about 70 lb and 65 ft of pipe) gave following time results: for filling tank, 
20 to 35 sec, for adjusting valves, 20 to 30 sec, for blowing sand, 1.3 to 1.5 min. 500-1 500 cu ft 
free air is used per ton of sand. Speed of work varies with percentage of moisture in sand and with 
length of pipe. Life of pipes is 4 to 6 mo , wear is greatest with dry sand, pipes are turned frequently 
to distribute wear and obtain max .service. 

Recent stoping method. Data from A. Mendelsohn (488) in 1931. Method com- 
bines principles used in pillar mining (Fig 404) with those of sub-level stoping (Art 43). 

Raises are 200 ft apart; from 
them, at points 33 ft and 67 
ft above rail, sub-drifts are 
driven in both directions, at 
the full width of ore. Power 
scrapers, with 16-hp engines, 
deliver ore to raise, loose 
ground is 8Upi)orted on 
props, with 6-in headboards. 
Stoping 18 shown in Fig 406. 
Miner drills holes parallel 
to angle of lepose of fill 
(about 38°) using 4-6 holes 
across stope, depending on 
its width; holes are 10-12 
ft deep, with 3-ft burden. 
Round is blasted against 
the fill. “Copper rock” is 
Hfirted out, loaded into a 
small car and trammed to 
raise. Breast advances uji 
slope to within 4 ft of waste 
alx)ve; last round is drilled, 
but blasting delayed until 
sorting is completed and cut ready to be filled. Most copper rock from final round is 
found at bottom of fill after blasting. During 1930, on basis of all undergiound lalior, 
3.04 man-hr were required per ton of ore; explosive, including that used in development, 
was 1.3 lb per ton; exclusive of development, 0.8 lb pei ton. 



.♦v'.'. ' I rocs Id pillar A will be found a, 
bottom of plle^ A'afterblMtlnj^. 
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Longit Sec on Plane of Lode 
Fig 406 Sub-level, Inclined Cut-and-fill Method, 
Champion Mine, Painesdalo, Mich (488) 


64. CROSSCUT METHOD 

Crosscut method is used for wide veins or masses, with weak walls and weak ore which 
will stand unsupported only over small openings. Ore is mined in horiz slices, in ascending 
or descending order and in small sections, each section Ijeing filled before the next is begun. 

a. Slices Taken in Ascending Order 

Development (see Fig 407) consists of footwall drifts D, crosscuts E, shaft F, and raises 
G to connect drifts at intervals of 40 to 60 ft. A slice is removed as in section X Y. From 
D, crosscuts A are driven to hanging wall and filled through G with waste from level above. 
Crosscuts C are driven and filled; finally portions B are mined and filled. By breaking 
down the back of D, another footwall drift is then formed, from which a second slice is 
taken by driving and filling crosscuts, and so on to top of the lift. D is kept open by 
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timbering or dry-wallmg for handling ore from lift above and filling to lift below; footwall 
drifts for upper slices are filled as soon as the slice they serve is mined. Broken ore from 


upper slices is handled to D through chutes jff, 
ceeds. Several slices in a lift and several 
lifts may be worked simultaneously, provided 
workings in upper slices and lifts are kept in 
advance of those below. 

Ore and filling are handled in crosscuts 
by shoveling, or in barrows or small cars; 
much of the filling must bo shoveled into 
place in the crosscuts. 

In some cases, successive crosscuts are 
contiguous instead of Iieing driven in groups 
of 3 as in Fig 407; then, if ground does not 
require immediate support, waste may be 
sorted out in a crosscut and thrown back 
into the previous one (245). 

Crosscuts are 6 to 8 ft high, and 6 to 10 
ft wide, or as wide as strength of ore allows. 
Where necessary, they are timbered with 
light sets, or stulls and head boards, side- 
lagging being used to prevent runs of filling 
into adjacent workings. 

I'lg 40S shows timbering at the Pro- 
VRiETAiiY MINE, Hrokcii Hill, N 8 W, where 
this method has had a limited use. 10 by 
10-in struts S, running along the sides of 
crosscut, are supported by corbels on the 
posts, the back is earned by lagging on 
cros.s-pieces />, diagonals E are put in w’hero 
reciuiied by pressure. Set'< are about 6 ft 
apart, their size dejH'iuls on character of 
ground and length of timl)er available. 
Al-KUit 1)7% of the timber used is recovered 


built up through the filling as stoping pro- 



HOR'Z 8E0 XY 

Fig 407 


on opening a new slice. The tapered shape of posts and the hole // (for inserting a 
piece of drill steeb aid in withdrawing them; or a chain and lever may be used (240). 

Breaking ground. First openings in lowest slice of a lift are driven like drifts (Art 20); 
adjacent crosscuts cost less, as ore is free on at least one side. Upper slices are broken 

cheaply, as the ore is always free on the bottom. 
At Uaiiezas del Pahto mine, 8pain (248), contract 
price for mining the lowest slice averaged 50^i per 
ton, for second slice, 25ff. 

Mining topmost slice under overlying filled stopes 
ixxiuires care. Plank or lagging may be laid on floors 
of crosscuts in Ixittom slice, to prevent runs of filling 
when stopo comes up from below; sometimes filling 
Fig 408. Crosscut 'Hnibering, becomes so compact that this is unnecessary. Top 

ro on 1 , N S W crosscuts may lx‘ spiled under loose filling. 

Level interval. The maximum is usually 65 to 70 ft (246). Filling can not be packed 
absolutely tight into crosscuts, and each layer settles somew’hat under weight of the back. 
SuccesHivo subsidences cause ore aliove to crush, and increase difficulty and cost of mining 
upper slices, this effect increases with height of lift and weakness of ore. 



At rn\riN MINK, Mich, where this method was formerly 
uMcd, settlements of 10 ft in a 100-ft lift are said to have 
occurred (247). At Cahezas del Pasto mine, Spain, the 
fillmg was coarse quartsite, quarried on surface, and so firm 
that no subsidence of surface was noticed (24S). In some 
places sulieidonce occurs because the top slices of lifts are 
incompletely filled. 

Several variationi are possible. Haulage drifts D (Fig 
407) need not be on footwall, but may be in any part of 
deposit or in wall rock. Cioascuts A, B, C, may run in any 
desired direction through deposit; large horses of waste may 
be left in place. Fig 409 shows application to an irregular 



Fig 409 
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massive deposit, opened by shaft S. Usually first work on a level is to outline orebody with a 
closed drift A ; then haulage drifts and crosscuts B can be placed in best position ; one arrangement 
of crosscuts for slicing is indicated by dotted lines. At least one main waste raise R is desirable. 
For further detail and other variations, see Bib (240, 245-249). 


b. Slices Taken in Descending Order 

Practice at Tiro General mine, Charcas, Mex, illustrates this variation of crosscut 
method. Data from H. Willey (241) in 1930. Ores are complex sulphides with varying 
amounts of sphalerite, argentiferous galena, and chalcopyrite. Principal orebody occurs 
in fissure vein dipping about 70®. Sloping widths are from a few ft to 90 ft, aver about 
30 ft. Both walls generally weak, and ore badly fractured. Top-slicing (Ait 72) was 
not adopted because of necessity of maintaining upper levels. Development consists of 
footwall drifts at 100-ft vert intervals, and 10-12 ft outside of vein, connected by 2-conipt 
footwall raises 100 ft apart, and not less than 6 ft outside of vein; footwall drifts and 
raises are made to conform to vein irregularities by driving pilot drifts in the vein, with 
crosscuts 100 ft apart. Raises are timbered with 2 independent sets of cribbing of 10-in 



round timber, with 3-in plank lining, leaving clear openings 3.5 ft square; in damp places, 
tkis timber is creosoted. Sill floor is developed by s<iuare-setting with 8-in round tim- 
ber, 5 ft c-c. No sills are placed under the posts, but sills of two 3 by lO-m pine planks, 
best not less than 10 ft long and overlapping not less than 2 ft at joints, are laid from fo<jt 
to hanging wall l>etween the rows of ix)st8, resting evenly on broken ore tamped under 
them. Space between sills is then leveled with broken ore, on which a floor of 2-in plank 
in 5-ft lengths is laid, their ends resting on the sills; gaps between posts arc cov'orod with 
short pieces. Square-sets are back-filled to within 2 sets of working face. Slicino. To 
start the first slice, a 6.5 by 5-ft crosscut is driven from the ore pass 12 ft v'ert !x*low sill 
floor, penetrating about 6 ft into v^ein (Fig 410). From its end, narrow footwall drifts 
run 50 ft in both directions, taking the 12 ft of ore up to the sill floor, vert 10-in posts 
6 ft c-c being used to catch up the sills al:>ove; these posts are 11 ft long, largo end up and 
squared, with head-blocks 10 by 10 or 8 by 8-in, posts are wedged at Ixittom, which need 
not be squared, and set without sills or footboards. If footwall is slippery, the drift may 
be driven farther out in the vein; or if vein is so wide as to require more than usual time 
to complete a slice, the drift may be timbered with battered posts and caps, sahmged lakT. 
These sub-level footwall drifts are no larger than absolutely necessary, as they have to 
remain open until slice is finished. From one end of sub-level drift, a crosscut nms towards 
hanging wall, catching up the overhead sills with 11-ft posts and 10-in headblocks, 5 ft c~c. 
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As this crosscut nears completion, a second and adjoining crosscut is begun. The 10-ft 
space thus opened is floored with sills and plank as on the sill floor. Between the last 
2 sets in the sub-level drift, 6 ft above the floor, a crosscut is driven into the footwall; 
from its inner end an inclined raise is put 


up to the side of footwall drift on main 
level, cribbed with 8-in round timber and 
lagged to give 2 independent chutes 3 ft 7 in 
by 2 ft 8 in clear; one is a manway, other 
a waste pass. Waste from this work is 
piled to depth of 6 ft on floor, supported 
at sides by 2-in bamboo poles (cheapest 
available material) laid against the posts. 
Successive 5-ft segments across the ore- 
body then follow similarly. When ono 
segment has Ixjcn filled to 6 ft, back-filling 
to full height begins at hanging-wall end; 
space of one set nearest footwall is left 
open for handling waste in barrows to 
remainder of slice, this passageway being 
filled last when slice is finished. Meantime, 
similar extraction and filling has begun at 
other end of 100-ft block ; ono end of next 
lower slice can thus be started before upper 
slice IS finished. Fig 411 shows stages of 
sloping 

Success of this method is due largely to 
avoidance of pennanently oi)en passage- 
ways through filling; uiufonn transfer of 
pressure to filling is also aided by deliberate 
luck of vert almeinent of posts and ab- 
sence of sills or stringers under them. 
Simplicity and routine operations are 
favorable featuies Nshere lalx)r is unskilled. 
Xearly all timlx'r is lost, but is less in 
amount than by sfiuare-setting. (’ompared 
with former square-setting, saving m cost 




Waste Ore pass ^Vastc 


pet ton by slicing method is c'^timated as 
follow’s In new oie labor, 10. exido- 
si\es, O.Sff, timlx*r, 41. If^; total .saving, 
.V2.r>f^. In old workings, labor, 10.2ff, ex- 
plosives, 1.1^; timlxjr, 27^; total saving, 
3S.3e. 

Output per man-shift is al)Out the same 
( 1 44 ton in new' ore, 1 34 bin in old w'ork- 
ings) as w'lth stpiare-setting. Avei output 



02 shift.s per week) from a l(K)-ft block 
ivs about 1 (KXl tons per mo. Recovery is 
praetieally l(K)%, compared with 95% from 
.s(iuaie-sctting. 

c. Summary, Crosscut Method 

Crosscut niethml allows safe and com- 



plete extraction of large, weak orebodiea LEGEND 

of almost any shaiie, without serious surface Unbroken ore 

subsideneo. Cost of development is high, Filled uuiolght ol 6 £b 

owing to the small level interval and fro- EggBigs Back nil compietecl 

(iviont necessity for driving haulageways Fig411. Tiro General Mine. Charcas, Mex (241). 

and waste raises in country rook. Cost of Plan of stops floor, showing 5 stages of mining 

shoveoling larg amounts of ore and filling is 

unfavorable to use of this method in the U S. Timber consumption is low, if ore will stand 
over hark of a crosscut until it is filled; even in weaker ore, less timber is used than in 
top-slicing (Art 70-74) or filled square-aet^s (Art 46) , which are alternative methods afford- 
ing complete extraction; caving methods are preferable if surface need not be supported. 





10-262 


FILLED 8TOPES 


Crosscut method is sometimes advantageous for mining level-pillars in bad ground over 
filled flat-back stopes. At Rio Tinto, old pillar and chamber workings (Art 42) were re- 
mined by this method (649) 


66- FILLED RILL STOPES OR INCLINED CUT-AND-FELL STOPES 

General data are given in Art 38 (Fig 222, 223) . Filling is run into a rill stope through 
the raise from which it was opened, which enters the stope at its highest point. Filling is 
distributed largely by gravity. By inclining the stope backs at the angle of repose of 
filling, the surface of the filling will be parallel to back of stope (Fig 412), and therefore 
convenient for supporting men and walls; a sloping surface of fill also aids in moving 
broken ore to chutes. 

In narrow stopes, little or no shoveling may be required for handling filling or ore. In 
wide stopes, filling builds up cone-shaped under the raise and must be moved to sides 


of stope by shoveling or mechanical scraping; 
similarly, broken ore must be moved from 
sides of wide stopes to chutes. See examples 
below for modes of reducing shoveling in 
wide stopes. For field of use, see below; 
also under Comparison with flat-back stopes. 
Art 66. 



Fig 412. Starting Rill Stopes, Kalgoorlle 



SEC IN PLANE OF VEIN 
Fig 413. Rill Stopes, Kalgoorlie 


Elalgoorlie, Australia (251, 267, 258, 140). This is an old but rlassic example of this method. 
Filled nil stopes were used in narrow, vein-like deposits of gold tclluride ores, occurring as lenticular 
shoots of quarts or mineralized country rock, chiefly in amphibolite Rchi.st, .Metho<l was not applica- 
ble on dips flatter than 35*^, usual dips were steep Development Ideal plan to run levels 
200 ft apart, connected by winzes W (Fig 413) at intervals of 150 to 200 ft. winzes were sunk on 
hanging wall to minimize handling of filling. A flat cutting-out stope, 7 ft high, was taken Levels 
were timbered with stulls for widths to 14 ft; for greater widths, with saddle-back stulls (Art 3S). 
Stulls were 5 ft apart, and lagged with 4-in poles covered with old filter cloth, pieces of cyanide cases, 
etc, to retain fine filling. Chutes were started about .>0 ft apart, at points A, midway between 
winzes PL, and at quarter points M (Fig 412;. Stoping and filling (Fig 412, 413). Slope of 
stope face was about 37®, and nil cut was generally adopted (Fig 223, Art 38). Stopes 10 to 14 ft 
high were first opened at foot of winzes W, Broken ore was loaded into cars in level, through spaces 
made by taking up 1 or 2 lagging poles, and waste was dumped in through winze from level above. 
Subsequent inclined slices were 8 to 11 ft thick, operations of stoping, cleaning up broken ore, and 
filling alternated. Tops of chutes M were kept level with filling. When adjacent stopes finally 
intersected above points A (Fig 412), chutes M were abandoned and all broken ore was handled 
through chutes P (Fig 413). Chutes were 4 by 4 ft clear, usually cribbed with 7-m round timber, 
occasional manways were provided by building 2-compartnient chutes. Cribbed chutes were also 
carried up on line of original winzes W, if these were used for running filling to lift below. Sand 
(mill tailing), used for filling, was stacked on surface until moisture content was less than 25‘/? ; if 
wetter it tended to clog winies. Belt conveyers were often used to distribute filling, a.s at C (Fig 413> ; 
then only one winze needed to reach the surface. Even with winzes on the hanging w all, some filling 
always had to be shoveled in stopes to edge of rill. In rich ore, plank floors were laid on faces of 
fill to avoid loss of fines and help ore to slide to chutes, old filter cloths were sometimes laid under 
the floors. Floors were usually omitted, involving the removal of a few inches of filling with the 
ore from each slice (83). Stopes near top of lift could not be filled through original wiiizee PL; aux- 
iliary raises R (Fig 413) were put up to handle filling. 

Park City Consol Mines Co, Park City, Utah. Data from G. M. Wiles (244) in 1936. 
Fissure veins in quartzite carry high-grade silver ore, with small amounts of Au, Pb, and 
Zn. Vein gangue is largely massive and sugar quartz, or uncemented conglomerate-like 
rock. Walls vary in strength from blooky quartzite to a shattered gravel-like material. 
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Double 2 laRglDff 


S^^Bridge set 

S^^Blocks-]- ] 


Cap 8''x 8"x Fool to hangine: 


Dips, 60®-76®. Vert shaft was sunk to 400 level; from which 2 inclines follow separate 
veins to 900- and 1 000*ft levels respectively (1936). Level interval, 100 ft. Original 
sloping was by shrinkage (Art 68) ; change to inclined cut-and-fill was made because of 
serious dilution and loss of ore in shrinkage mining. 

Open stulled slopes are occasionally used in narrow 
veins. Drifts under slopes are timbered as in Fig 414; 
timbers, set in hitches, permit recovery of level pillar 
below without disturbing the drift. Inclined cut-and- 
fill slopes are opened by driving, at 100-ft centers, 

3-compt raises, middle compt being a manway. Chute- 
pockets in drift sets are 15 ft c-c. Stoping cuts start 
from raises and are carried on a slope of 60° (Fig 415). 

Drilling is with hand-rotated stopers; holes are usually 
short, but may be 8 ft deep where walls are firm. 

Explosive, 30% gelatin dynamite. Before starting new 
cuts, waste is run into stope to within about 2 ft of 
back; 2-in flooring is laid on the waste before breaking 
new cut. Height of cut is 6-12 ft, depending on strength 
of walls. On completing a cut, floors are swept and 
taken up before another run of waste is added. Stop- 
ing labor 18 about 1.44 nian-hr per ton; explosive 
consumption, 0.55 lb per ton. 

Wright-Hargreaves mine, Kirkland Lake, Ont. 

Data from L. B. Smith (176) in 1934. Forgeol features 
and other data, see Art 39. Inclined cut-and-fill meth- 
od has been used on both North and South veins. 

Level interval, 130 ft. Raises R (Fig 416) are 300 ft 

apart. Backs of drifts are first taken down, and sill timbers placed (Art 39). Chute- 
pockets P aie 15 ft apart. Stoping starts on each side of raises, face is m steps 8 ft high 
and 10-12 ft long, giving general slope of alxiut 40°. Waste filling is brought to within 4 


Sill 8"x 8"x Foot to hanging 


Fig 414 Gangway Timbering, Park 
City Consol Mine, Park City, Utah 







or 6 ft of edge of cut. Flooring of half-rounds is laid on the fill. Miner starts on lowest 
bench, takes 2 rounds ahead and moves up to next bench. When raise is reached, the cut ia 
complete; broken ore is then drawn and roof scaled. ^ Flooring is lifted and stored on stalls 

1—20 
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Longit Sec In Plane of Vein 



Vert Cross Sec 

Fig 416, Filled Rill Slope, Wnght-Hargreavea Mme, Kirkland Lake, Ontario 



close under the back, until ready to be relaid on new fill. When cuts from adjacent raises 
meet, manway M is maintained, with a chute on each side. When the slope breaks into 



Fig 417. Ideal Longit Sec of Rill Slopes, Victoria 
Mine, Britannia Beach, B C (498) 


the level above, stulis are used to 8ui> 
port haulage-way timl)ers, normal 
haulage continues on level bioken into. 
Method of sloping has been found safe, 
rapid, and economical. 

Victoria mine, Biitanma Beach, 
B C. Data from C. V. Biennan (498) 
in 1935. Fissure veins carrying chalco- 
pynte occur in highly fractured 
volcanics. Ore and walls aie gener- 
ally weak; square-set mining is used 
chiefly, but many nanow veins are 
adaptable to inclined cut-and-fill Dis- 
tinctive feature is mode of breaking 
ground; holes are drilled towarci 
chutes, at angle of 20° below horiz 
(Fig 417). Cubbed chutes and man- 
ways are of 10 by 10-in timlK'r. Fig 
418 shows sill timbering. For de- 
scriptions of this and other methods 
(chiefly shrinkage) at Britannia Beach, 
see Bib (502, 592). 

Butte district, Mont. Data from 
H. L. Bicknell, W. B. Daly and others, 
1921-1923 (534). For ore character- 
istics, see Art 46. Normal level inter- 
val is 200 ft; when ore body is wide 
and near shaft, 100 ft. Filled rill 
stopes used in narrow veins, where 
ore and walls require no immediate 
support. Fig 419 shows mode of 
starting a rill face by taking 3 succes- 


sive 8-ft slices X, Y and 2, each starting at the raise and advancing toward middle 
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chuto (Fig 420). Slices are 6, 4 and 2 sets long respectively. Ore from these is handled 
through stop boards laid on caps of sill sets. Then sheeting S (Fig 419) of 4 by 10-in 
plank is placed 30 in above sill set caps and supported by 10 by 10-in posts, caps, and 
stringers; this piotects sill timbers from wt 


of the fill, and permits repairs without inter- 
fering with tramming. Lagging is nailed to 
stope side of raise, a bulkhead is put in raise 
near peak of stope, and waste is run into stope 
to within about 5 ft of the back. Fig 420 
shows a stope fully opened, with the middle 
chute built up; two methods of breaking 
ground are indicated. Fill is covered with 
2-in plank laid on cross pieces of 2-in lagging 
before blasting. Ore is sorted on grizzlies 
over the chutes; for details see Art 90. 
When upper ends of rill stope reach to within 
6 sets of level alxive, the remaining V is 
usually mined as a square-set rill stope (Art 
46). Square-sets stand on sills laid across 
the stope; sills are embedded in the waste, 
and held from sliding down the sloping face 



by girtwise braces and blocking to the walls. Fig 418. Typical Sill Timbering, Victoria 
By similar methods a stope can be changed Mine, Britannia Beach, B C 

at any elevation into a square-set nil stope, 

if weak ore or walls are encountered. The level-pillar, 5 sets high, at top of stope is 
mined by ordinary square setting. 


Parral, Chihuahua, Mex Data from H. Hubbell (104) m 10.36 Lead-zinc ore occurs in 
fissure veins in andesite. idth of ore, 10-12.5 ft. Shrinkage is used where possible, but inclined cut- 

and-fill where ore is wide and walls are 
bad. Fig 421 shows novel application 
of latter method. Chute raises 15 meters 
apart are driven from drift m ore near 
hanging wall, or from crosscuts, as in 
Fig 421; ore is silled out above level, 
leaving a pillar 3.5 meters thick. First 
cut IS 8 ft high; second, 6-8 ft; ore is 
scraped to chutes. Fill raises JR, 30 ft 
apart, are driven from back of cut to 
level above, being located midway across 
the stope width or near hanging w’all, A 
foot wall drift D is driven on the level 2-3 
meters in footwall and footwall raises F 
from this drift connect the levels at 
30-meter intervals, midway between the 
fill raises. From raises F, branch chute- 
raises B are driven to the stope, start- 
ing just above back of footwall drift. 
After fill has been run into the initial 
stope cut, lines of square-sets are started 
on the fill opposite each chute raise 
from the footwall drift. Each line of 
square-sets forms a trench, the top of 
which is alw’ays at bottom of the nils. 
Ore broken from faces of inclined slices 
Fig 410. Opening a Rill Stope, Butte Distr, runs to the trenches, where it is diverted 

Mont (534) to footw’al! chutes. Grizzlies at top of 

the trenches restrict the size of boulders 
delivered to chutes. As stope advances upw^ard, the initial footwall chutes are replaced by others 
driven successively at higher points from main footwall raises, as in Fig 421, Sec C~C. 

Campbell orebody, Phelps Dodge Corp, Warren, Ariz. Data from H. M. Lavender 
(91) in 1930, and from Robert I^enon of Co’s Copfior Queen Branch in 1938. Orebody 
is a massivo-sulphldc roplaconiont deposit in limestone; ore minerals, chiefly chalcopyrit© 
and bornito; gangiio, limestone, silica, and pyrito. On 1 600-, 1 700-, and 1 SOO-levels, 
orebody is about 500 ft long; width, 60-250 ft; continuous from 1 400- to below 2 300-level. 
Dip is generally steep, but varies locally from 25® to 00®. Footwall usually well defined; 
hanging wall, subject to greater irregularity, varies from an economic limit of low-copper 
content to a sharply defined limit conforming with local bedding planes. Grade of ore is 
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relatively high and calls for mining method giving high extraction. Homogeneous 
nature of deposit obviates need of sorting. Both ore and walls are strong. The hard 
ore requires heavy blasting, to avoid making too many boulders. DBVBiiOPMBNT. There 
are 2 vert hoisting shafts, and 2 ventilation upcasts. Level interval is about 100 ft; 
alternate levels are equipped for trolley haulage. Haulage-level drifts and crosscuts, 

6 by 8 ft to 7 by 9 ft, have 18-in gage track of 25-lb rail, with curves of 22.5 to 30-ft radius. 
Intermediate-level drifts and cross- 
cuts, formerly 5 by 7 ft, are now 0 
by 8 ft, with 16-lb rail. Level de- 
velopment depends on size, shape, 
and dip of orebody, in accordance 
with stoping plans. General plan 
OF BTOPiNG. Orebody is divided 
along the strike into stoping and 
pillar sections; the former mined by 
inclined cut-and-fill ; pillars usually 
recovered by Mitchell slicing (Art 
65). Until recently, the orebody was 

divided into 2 adjoining stope sec- A- Former system of scctlonalizlng, with 

tions, each 46—60 ft wide, separated tvio typos of stope development 

from the next 2 sections by a 45-ft 
pillar (Fig 422 A), the Mitchell slices 
ill pillar mining running strikewise. 

More recently, orebody is divided 
longit into alternate stope and pillar 
sections of 36 -48 ft (6-8 sets) and 18 
or 30 ft, respectively (Fig 422 B); 

18-ft pillars are mined by full-width 
slices as far as practicable; 30-ft pil- 
lars are to be split by a row of 
“single-leads” (square sets), the 
resulting 12-ft pillars mined by 
Mitchell bhces. Stopes arc usually B* Present system of sectionallzlng, with 

mined in lifts of 200 ft, from one development for sloping 

haulage level to next above, with 402 Systems of Dividing Orebody into Stope and 

pillars one above another. Stopcs Pillar Sections, Campbell Orebody, Warren, Ariz 

are mined as single sections from 

wall to w^all, where width of ore does not exceed about 75 ft. Where, as above the 
1 600-level, width of orebody is greater (to 250 ft), stopes are sectionalized crosswise, the 
sections separated by a vert plane running strikewise. 

Double-lead stoping. This method, employed prior to the more general use of scrapers, 
required more timbering than prCvSent method to avoid hand shoveling to chutes. From a hanging- 
vall drift, eroshputs were driven along the outside of the 2 section lines forming the strikewise stope 
limits (.Fir 423) These crosscuts were then enlarged for standard sets (“stringer sets”). Posts were 

9 ft 2 m long, their face^ being 30 in from center line of track. Bottoms of posts were 6 in below 
rail. Crush blocks, 6 by 10 in and 20 in long, were placed on top of posts, and over these was laid a 

10 by 12-in cap-hke stringer, about 13 ft long, with the greater dimension vert. This gave a dis- 
tance of 9 ft 2 in from rail to stringer. Sets were 6 ft c-c, with chutes in alternate sets. Silling 
started slightly above tops of stringers. During initial cutting-out between lead sets and shaping 
the back for initial fill, ore was allowed to pile up to form a natural slide toward each lead. The 
stope back wois arched transversely and inclined upward from hanging to footwall. Initial stoping 
included driving a fill raise along footwall and on center line of the stope section, the raise holing to 
the intermediate level above and often extending to next haulage level. Before the first fill, lead sets 
were started along the stope boundaries. Posts, 10 by lO-iii and 7 ft 4 in long, were placed along 
the outside of each row of sets; posts on the inside row were also 10 by 10 in, but 7 ft 7 in long. The 
difference of 3 in in length allowed for settlement in the row's next to the fill. Before filling, the stope 
bottom was covered with a mat of scrap timber, sometimes laid on sills. “Lead sets” were lagged on 
the fill side with split lagging 34 in apart, or 2 by 12-in planks edge to edge. An advantage of the 
latter was that the gob, in settling, tended to slide along the smooth surface and thus reduce vert 
pres on the sets. As the stope advanced upward, the lead sets served as chutes. Fig 423 shows a 
separate chute earned from hanging-wall drift to supplement the chutes formed by the lead sets. 
Grizzlies of 10 by 10-in timber, spaced 10 m apart, were placed across the lead sets at elevations 
corresponding approx with the intersection of sloping surface of the fill and the lead sets. With the 
filling of subseciuent cuts and raising the lead sets, these grizzlies, unless badly worn, were moved to 
the grizzly floor above. Occasional sets within the leads were left covered with worn grizzly timbers, 
or 4-in flooring, and broken ore was allowed to remain thereon to prevent a direct fall of ore through 
the sets, thereby reducing wear on the timbera. On completing a given cut, waste was dropped 
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through the fill raise and assumed its natural angle of repose (about 37®), the stope back approx fol- 
lowing this angle The fill was brought within 2-3 ft of the stope back and covered with 2 by 10-in 
or 2 by 12-m flooring laid on 2 by 10-in sills placed flush with surface of fill Flooring usually began 
10 ft above lower edge of fill and continued to the top Spillage of waste from flooring operations 
rolled to bottom or unfloored section, which was finally floored Cuts started at bottom of the 
inchne, were earned up as in Fig 423, they were about 12 ft high and drilled with mounted drifters 
Holes 7-8 ft deep were drilled parallel to the floor, with a burden of about 2 ft each Broken ore was 



Sec A-A, with portion of fill and ground Vert Sec, Parallel with Strike 


cut away at C 

Fig 423 Inclined Cut-and-fill Stope, showing former use of double-leads running parallel with 
Section Lines, Campbell Orebody, Warren, Anz 1.91) 

drawn concurrently with mining, but enough from each round was left temporarily to permit back 
to be reached for barring-down and setting-up for the next round This undrawn ore protected the 
flooring during blasting On completing a cut, the flooring was swept clean of fines, and taken up to 
be used again m the next cut Following filling, lead sets were raised and lagged, flooring was re-laid 
and the new cut started During rmning stages, boulders were “plugged” (block-holcd) with jack- 
hammers, usually on the mining floor, although, when necessary, on the gnzzlies. 

Single-lead stopes. Use of scrapers later permitted modification of the double-lead 
method Only one row of lead sets was used (Fig 424) The line of posts and caps 
was carried up along the opposite section line and lagged to form a gob fence, thus obvi- 
ating the need of more than one extraction crosscut In single-load stopes, the fill raise 
was driven along the section line opposite the lead sets As m Fig 424, the raise is outside 
the section line, for the purpose of serving both stope sections With this exception, the 
work m the single-lead stopes was done as in double-lead stopes 

Recent practice. The extraction crosscuts and transverse load sets have been elimi- 
nated Drifts are run along hanging-wall side of stope section, and from these a longit 
line of lead sets is carried up (Fig 425) Extraction drift is on hanging-wall side of the 
leads, so that the drift timbers have a protecting brow of solid ground, thus avoiding 
direct wt of the waste fill on stringers over the posts As in Fig 425, inclined cut-and-fill 
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mining is now used in most of a pillar section between 2 completed stopes, where the lead 
sets run strikewise. One side of the section is bounded by gob fencing; the other, by 
solid ground. Drift timbering is virtually the same as for extraction crosscuts in double- 
lead stoping; but posts are 9 ft 6 in long, instead of 9 ft 2 in, and stringers aver 15 ft long. 
Chutes are still built in alternate sets. Cutting-out starts by driving a heading, 10 by 
15 ft or more in cross-sec, to footwall limit of stope, which may be the footwall itself 
(Fig 425), or a vert section line previously established. After the heading reaches such 
limit, a fill raise is driven, unless already made by open sets left for this purpose in a 
previously mined footwall section. In Fig 425 a raise has been driven along footwall to 
the level above. Such a raise has no chute at the bottom, the broken ore being scraped 
away to allow access to the raise. On completing the fill raise and widening the heading 
to full stope width, the stope back is blasted and sloped upward toward footwall, prepara- 
tory to filling and establishment of an inclined floor and back. This preparatory mining 
is done by shrinkage. Ore broken in the heading, the raise, and making the initial cut, 
is scraped into one of the chutes by a power scraper set over the drift. When preparatory 
mining has advanced sufficiently, “single-leads sets’* and “gob-fence sets’* are started 
along the stope boundary lines. Standard 10 by 10-in square-sets are used for all single- 



leads; occasionally, 8 by 8-in timlx'r for the gob fence. All sets are cap-butting and 
framed to make sets 8.5 ft high and 6 ft by 6 ft c-c of posts. A novel feature is the use of 
12-ft caps, so that each rests on 3 posts instead of 2. These “double-caps’* give added 
strength and better alinement. A manway set is carried up with the single-leads, some- 
times inside the stope-section line, but generally outside, to provide a sound open set from 
which to begin mining the adjoining section. 

Before beginning filling, the stope bottom is covered with a mat of old timber, or 2-in 
flooring nailed to sills of doubled 2 by 12-in planks laid on the solid on 5- or 6-ft centers. 
Flooring is laid parallel to the direction in which the stope below will be mined, and covered 
with a mat of sciap timber laid parallel with flooring. Other timbering details, and the 
general procedure of mining and filling, are about the same as for double-lead stoping. 
Power scrapers are now standard equipment, their hoists being moved from floor to floor as 
stope advances (Fig 425). In employing strikewise leads, the entire row of leads may 
reach the hanging wall before the stope has progressed far upward. If so, another row 
of leads, nearer the footwall, is started on a bench cut into the waste fill, and is con- 
nected with original leads by an ore-slide steep enough to eliminate need for a scraper. 
Fig 426 shows timbering details for this case. A footwall section of a stope 48 ft wide has 
been previously mined, and mining the hanging-wall section is nearing completion. Two 
open sets in leads A of the old footwall section are being used as a fill hole for the new 
or hanging-wall section. The full height of section being mined is shown by height of lino 
of sets B (about 100 ft). The section above has been mined out, the flooring of upper 
section being shown at C. 
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In the new section, the ground conditions were heavier than normal, and doubled 
10 by 10-in stringers D were used over the drift posts. At an elev of about 40 ft, the 
economic hanging wall was reached. The original single-leads were cleaned down, 
lagged on inside, and waste-filled, except the manway set JE, outside the stope section, 
and 3 sets F inside the section, which were left open for an orepass to chutes below. A 
new row of leads was then started at (?, these being stood on 3 by 10-in sills laid on a 
bench cut into the waste fill. Two leads were used as ore-passes; the third, as a manway. 
The ore slide connecting the new single-leads with the original ones is at H; the manway, 
at J, The part of the stope between ore-slide and gob fence K was completely waste 
filled. Top row of sets in the newly placed leads were floored L, as a “rakeway." Ore 
mined above, gravitating to this rakeway, was scraped to the chute-sets. When the stope 
reaches a height where the crown of ore beneath the mined-out section above becomes 



Fig 427, Typical Sec showing Conversion from Horiz to Inclined Cut-and-fill, United Verde Mine, 

Jerome, Ariz 


thin, the stope is sectionalised into 10-12-ft slices at right-angles to the leads. The first 
slice is taken on the side nearest the fill hole, and the mat or flooring above is caught up 
with stulls and headboards as it is undermined. After this slice has been taken from 
hanging wall to the old section, the resulting hole is timbered off from the pillar by single- 
cap sets, and from the ore on the stope side by building a gob fence of lagged stulls, which 
are 8 by 8 or 10 by 10 in and 10-18 ft long. The tops of the stulls may be tied to deadmen 
in the fill of the completed slice, or to the single-cap sets opposite, by strands of old mine 
rope. The slice is filled as far as possible by dumping from the level and backfilled under 
the mat by hand. Successive slices are similarly taken until the entire crown has been 
removed and the section completely waste filled. 

Costs. IFlgures in Table 42 include only direct charges of labor, explosives, and timber 
for inclined cut-and-fill stoping. They do not reflect cost of mining by any other method, 
nor include any general charges. 


Table 42. Direct Costs per Ton, Inclined Cut-and-fill, Campbell Orebody 


Period 

General Conditions 

Labor 

Explos 

Timber 

Total 

1934-1937, incl 

Aver for 2 large stopes in virgin 
ground 

$0,457 

$0,120 

$0 158 

$0,735 

1936 and 1937 

Aver for 3 mediumnsized stopes, min- 
ing next to fill on one side 

$0,678 

$0. 140 

$0 206 

$1,024 

July, 1936-Apr, 1938, 
incl 

One medium-sized stope, coming up 
under timber mat .... 

$0 791 

$0,207 

$0 203 

$1 201 

First Quarter, 1937.. 

All inclined cut-and-fill stopes . . . 

$0 704 

$0 142 

$0 226 

$1 072 





SUMMAEY, FILLED STOPES 10-273 

United Verde mine, Jerome, Ariz. Data from J. B. Pullen, of United Verde Branch, 
Phelps Dodge Corp, in 1938. For description of orebody and of former mining by horia 
cut-and-fill, see Art 62. Underground mining was suspended from 1931 to 1937. When 
resumed, it was decided to adopt inclined cut-and-fill as principal method and to convert 
the former flat-backed stopes accordingly. The latter were 10-160 ft wide and to 200 ft 
long, but new stope sections are limited to a max of 60 by 100 ft in sulphide ores and 
30 by 60 ft in schist and porphyry ores. Fig 427 shows the longit sec of a typical sulphide 
stope in process of conversion. As flat-backed stopes had been mined and filled for several 
floors, old chutes had to be used to deliver ore to haulage level. For each inclined cut- 
and-fill section, there are at least 2 such chutes. Over them, square-sets are built across 
the width of stope to serve as extraction chutes, manways, and supply entrances. All 
other old chutes within the section were buikheaded, and filled from a raise to the level 
above. The stope back was then sloped upward from the line of square-sets to the fill raise 
at an angle of 37° (approx angle of repose of the waste filling). Then 8-ft successive cuts 
were made, from the square-sets toward the fill raise. Stopes are filled after each cut and 
floored with 2-in planks; square-sets, 6 ft sq and 8 ft high, of 10 by 10-in timber, follow 
each cut. Movement of broken ore to chutes and spreading of waste are aided by a 
scraper, the hoist of which is easily moved along the sets, for reaching the entire stope 
(see Sec 27) . Gob fences along pillar and section lines consist of a single line of square-set 
IX)8t8 and caps. 

Calamon mine, Posadas, Spain; data from C. P. C. Sullivan (255). A form of filled 
rill stope is used in a vein of silver-lead-zinc ore in schist; ore and hanging wall are weak 
and require close support. Aver stoping 
width, 6.5 ft; dip, about 80°. Levels, 98 ft 
apart, are connected by 2-compartment raises 
at intervals of 98 ft. In Fig 428, triangular 
areas DEF and GHI are first mined by driv- 
ing 3 superposed drifts A, B, and C, from 
raises R. The drifts, 8 ft high and the full 
width of stope, are timbered with close-lagged 
sets. Each drift is filled before starting the 
one above; much timber is recovered from 
fill when exposed by work above. Faces DE 
and GH usually slope 28°, which is less than 
angle of repose of filling. A chute gate is 
next erected at HE, and the ground above 
broken down to a height of 8 ft; an 8-ft slice S is then taken off face DE, the work 
resembling the driving of a flat raise; back and walls of shce are supported by lagged 
drift-sets. Slice S is filled after holing into raise R; during filling, the opposite slice T 
is mined. Rest of lift is similarly mined, chute HE being built up after each pair of slices 
S, T, etc, have been excavated. Broken ore is pulled down the floors of inclined slices 
with hoes. Filling for horiz slices A, B, and C must be distributed largely by hand. 
Raises R are abandoned as the stopes go up; temporary chute gates are built in them, as 
required, for distributing filling to inclined slices by a stream of water; filling is waste from 
old workings or mill tailing. 

The deposit was formerly mined by driving and filling horiz superposed drifts between 
raises (comjiare wdth Leaning stope sets, Art 56). The present method reduced timber 
consumption 50%, more than doubled output per man-day and reduced total costs about 
36%. For detail, see Bib (256). 

66. SUMMARY, FILLED STOPES 

General. Contemporaneous filling methods usually entail higher costs per ton of 
ore than shrinkage (Art 67-69) or opeii-stope mining (Art 35-43), but compete with the 
latter in certain circumstances. Filling is preferable if factors of safety or dilution 
demand prompt support of walls; it also affords better opportunity for occasional timber 
support of ore that is not very strong. In general, filling methods afford a higher degree 
of selectivity than shrinkage or open-stoping, and hence are better suited where ore is 
spotty or walls are irregular. Horiz cut-and-fill is advantageous where sorting is needed. 
In recent years a number of mines formerly using open-stopes or shrinkage have turned 
to filling methods, reflecting a tendency toward safer mining, and higher and cleaner 
extraction in the richer orobodies. 

Filled flat-back vs filled rill stopes. Safety. Principal danger in both types is from 
falls of ground. The sloping fill in rill stopes may cause rocks falling from walls or back 



Level 


HE 


SEC IN PLANE OF VEIN 

Fig 428. Rill Stope in Weak Ore, Calamon 
Mine, Spain 
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(or from surface of fill) to roll down the slope and injure men; this risk is increased where 
^ is covered with plank. As cribbed bulkheads are less easily built in rill than in flat- 
back stopes, they are avoided when possible; footing for them is less secure when built 
on inclined surface of waste, and they may be dislodged by moving broken oie or fill. 
On the other hand, the arching effect of rill stopes may reduce hazard from falling ground. 
Cost. When applicable, rill stoping is usually cheaper per ton than horiz stoping; 
gravity aids movement of both ore and filling; fewer chutes are required. These advan- 
tages in rill stopes are partly offset by better working conditions in horiz stopes; flat 
floor affords better footmg to men than inclined floor, thus facilitating handling drills, 
steel, and timber. Where weak ground requires close spacing of bulkheads, advantages 
of rill stopes may be lost. Flexibility. Opportunity for varying mining procedure is 
greater in flat-back stopes; area of stope may be extended or reduced at any horizon; 
prospect openings are easily run into walls, and waste from them used for filling, horses 
or low-grade ore can be left unmined; in rill stopes, faces must advance unifoiinly; their 
output usually ceases while filling; in a flat-back stope, mining may often proceed in one 
part while filling another. Sorting. Flat-back stopes offer better opportumty than rill 
stopes for eflac sorting. 
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67. GENERAL 

Definition. Shrinkage stopes are overhand stopes in which the broken ore accumulates 
until the stope is completed. As rock increases in bulk when broken, from 30% to 50% 
of the ore in a shrinkage stope must be drawn out as the stope advances, to leave a working 
space under the back. The remaining ore supports the miners and gives temporary 
support to walls; it is drawn when the stope is finished. Stopes may be left empty and 
allowed to cave, or may be filled with waste; latter procedure is called shrinkage stoping 

WITH DELAYED FILLING (Art 59). TormS BACK-STOPING and OVERHAND STOPING ON ORE 
were formerly used in some parts of U S to denote shrinkage stoping; other names are 
“lay system” (English) and “magazine mining” (Swedish). 

Field of use for shrinkage stopes is in steep-dipping deposits of strong ore with strong 
walls; for limitations of method, see Art 69, 

In narrow veins, this method allows practically complete extraction, though level- 
pillars must sometimes be abandoned to prevent premature caves. Masses or wide 
veins can rarely be completely mined by shrinkage methods; size of stopes is limited by 
the area of ore or wall rock which will safely stand unsupported. In large orebodies, 
permanent pillars may be left for support between adjacent stopes, as at Alaska Treadwell 
mine (Art 68) ; this is a form of pillar and chamber work (Art 42). Pillars may sometimes 
be blasted after completing shrinkage mining, but before final drawing of ore, in which 
case caving may also be involved (Creighton mine, Art 68). High-grade orebodies 

usually warrant filling of 

£ A shrinkage stopes and re- 

slicing (Art 55), or top- 
slicing (Art 72, 73). See 
also Combined methods 
(Art 83-87). 

General plan. Fig 429 
shows a stope in a narrow 
vein, opened from raise li 
as an ordinary overhand 
stope (Art 38). Ore from 
the cutting-out stope falls 
to the drift; that from 
succeeding back-stopea 
collects on top of level 
timbers, the excess duo to 
swell being withdrawn 
through chute-gates C (Art 90). Ventilation and access to stoiie are afforded by raise H 
and manways, M. Procedure in wide stopes is similar (see below, and Art 68). 
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Chutes for shrinkage stopes are sometimes built up at regular intervals like those in waste-filled 
stopea (Art 60) ; they are then used for passing excess ore to the level. As the fill of broken ore in 
such a stope is stable, a weak back may be supported on cribs, but this practice involves much shovel* 
ing, which is obviated in typical shrinkage stopes (Fig 429). Chutes may also be justified by the 
presence of high-grade ore, which can be sorted in stopes and kept separate for special treatment (see 
Sorting, below). Chutes are sometimes used to handle small patches of waste, which would other* 
wise mix with the ore. Shrinkage stopes with built-up chutes are relatively ummportant. 

Development for shrinkage stopes in narrow veins follows general lines laid down in 
Art 14. Level interval may be greater than in filled stopea (Art 59), because there are 
no chutes to maintain. Raises may be far apart, long stopes being opened from a single 
raise in the middle, or from a raise at each end. Blind oreshoots may even be mined 
without any raise to level above, ventilation and access being obtained through timbered 
manways at ends of stope. Development practice in wide orebodies is largely a question 
of arranging openings for drawing ore economically from the stopes (examples, Art 68). 

Shape of stope-face. Both wide and narrow shrinkage stopes commonly have a flat 
back, under which, in drawing excess broken ore, it is easier to maintain a working space 
of uniform height than where the back is inclined or irregular. The advantages of a level 
working floor (Art 66) also apply here. Fig 444 shows a stepped-face shrinkage stope. 

The shrinkage principle may also be applied in rill stopes of moderate width; these allow use of 
down holes, which alone should determine the angle of nil. Steep slopes, on which broken ore will 
roll, are a pronounced disadvantage in shrinkage stopea. Fig 430, from O. B. Ward (260), shows a 



Fig 430. Shrinkage Stope, Lake View Consols Mine, Kalgoorlie, Australia 


rill stope for steep-dipping ore^shoots up to 25 ft wide in Lake View Consols mine (for ore occurrence 
at Kalgoorlie, W Australia, see Art 66). Level interval is 200 ft; inchnation of the back is just 
sufficient (say 18® to 26®) for holes at top of stope to hold water. 

Breaking ground. Practice is the same as in other overhand stopea (Art 26 to 28; 
note Fig 172, and accompanying text, also remarks on blockholmg, Art 26; see Ariz 
Copper Co, Art 68). 

Arrangements for protecting levels and drawing ore under shrinkage stopes are more 
or loss interdependent; general considerations are: 

(a) Piotecfion for levels must be strong, to carry weight of broken ore, part of which 
is supported by footwall in inclined stopes and by friction Ijetween ore and walls in narrow 
vertical stopes, constant drawing of ore destroys any arching effect which might tend 
to make broken ore self-supporting, and may throw heavy shock loads on timber or other 
level protection. The w^alla may also exert hea\Tr lateral pressure when the ore is being 
drawn (20). 

(h) Method of protecting levels obviously depends on width of stope. In narrow 
deposits, simple or saddle-back stulls, stulls and posts, diift-sets, or level-pillars are 
adequate; choice is based on the same factors as for open stopes (Art 38); square- 
seta (Art 45) are often used for convenience instead of drift-sets. In wide stopea, 4 
arrangementa are common: (1) One or more timbered or dry-w'all gangwaya, like thoae 
uaed in filled stopea (Art 64), may be built on stope floor; for example, see Homestake 
mine (Art 68), also Bib (243). (2) Entire sill-floor may be timbered with square-sets; 

those sets needed for haulageways and chute-gates are kept open by lagging (see Cresson 
mine, Art i>8). (3) Floor of stope may be opened 10 to 20 ft above the level, leaving a 

level-pillar, through which chute kaisbs are made at frequent intervals to draw off ore; 
see Nevada-Massachusotts and Rosiclare mines, Art 68. (4) Floor of stope may be opened 
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on the level, with no attempt to maintain haulageways through broken ore; ore is drawn 
off by shovelers working in numerous crosscuts, which connect edges of stope with haul- 
ageways driven nearby in walls of deposit or in pillars between stopes (King mine, Art 68; 
also Fig 451). Choice of method is based on a comparison beween first cost of opening 
stopes and subsequent cost of handling broken ore; these costs vary with size and character 
of orebody, wages and efficiency of labor, and supply costs; no two mines present exactly 
the same problem. For variations, see Art 68. 

(c) The way in which ore breaks (or is broken) should be considered in planning for 
handling broken ore at the levels. Large slabs clog ordinary chute-raises and gates and 
require blasting to dislodge them; this work is costly and often damages chutes; if slabs 
are numerous, the delays soon destroy the advantages of chute-gates for cheap loading. 

Trouble from last-named source is rarely serious in narrow stopes in small mines; drill holes are 
shallow, and the few slabs produced may be cheaply blockholed or spalled in the stopes. In such 
mines ore must be broken fine, for handling in small cars or skips. Under these conditions broken ore 
may be drawn through simple chute-gates, the installation of which does not materially increase first 
oost of opening stopes. Such gates are usually for handling pieces of ore not larger than 8 or 10 in. 

In wide stopes of large mines, deep holes and heavy blasts are desirable to secure 
cheap breaking. Ores thus blasted rarely break fine, but contain slabs varying in number 
and size with structural characteristics of orebody. Cost of blockholing or spalling largo 
slabs to 8 or 10-in size is high; amount of labor and explosive required may equal or exceed 
that needed for initial breaking. There are special chutes and gates for handling large 
slabs; bulldozing chambers with grizzlies over levels facilitate breaking up boulders; 

see Art 90 and Bib (562). But, as such devices increase devel- 
opment costs, the ore tonnage to be handled through them 
must be commensurate with their first cost to justify their 
installation. The alternative of abandoning chute-gates and 
shoveling the ore into cars from stope floor eliminates clog- 
ging of chutes, and slabs need to be blockholed only to a size 
for handling by 2 men; in the U S, these advantages are 
usually overbalanced by cost of shoveling, and chute gates, 
etc, are in general use. For detail of various alternatives, 
see Examples of practice, Art 68. To prevent clogging, the 
minimum cross-section of chute-gates or of chute-raises should 
be at least 3 X max dimension of pieces of ore. At large mines, 
the crushers should be of ample size; crushing in large ma- 
chines is usually cheaper than blockhohng. Underground 
crushers are sometimes advantageous. 

(d) For convenience in mining level-pillars at top of 
stopes, haulageways are sometimes placed in the walls of the 
deposit (Fig 431). Stope is then opened from a stope-drift, as 
indicated by dotted lines; this device secures strong protection 
for levels, but is limited to deposits of moderate width; haulageways may be driven in 
walls on both sides of stope ( Ariz Copper Co, Art 68) . 

(e) Haulageways and chute-gates should be located with reference to effect produced 
on the surface of broken ore at top of stope by drawing off below. In vert stopes, 25 to 
30 ft wide, the best location for a single row of chute-gates is in middle of stope; if placed 
along one wall, the surface of broken ore above tends to pitch toward that wall and shovel- 
ing or staging is required to reach the stopie-back on that side for drilling. In inclined 
stopes, ore tends to draw down on hanging-wall side, regardless of j^osition of drawing 
points; some gates are placed on footwall, for drawing off ore there when stope is to be 
emptied. 

Chute-gates suitable for shrinkage stopes are described in Art 90. Distance between 
GATES should be small, to reduce amount of ore remaining between them when the stope 
is finally drawn, as empty stopes are often too dangerous for shovelers to enter. Close 
spacing also allows more even drawing of broken ore. Gates are usually 12 to 25 ft apart; 
use of A-shaped pillars (Fig 438) between gates allows larger intervals. Where levels are 
-stulled, ore remaining between gates may be recovered by cutting out lagging and dropping 
the ore on the level (260). 

Access to shrinkage stopes is as follows: (a) Timbered manways are built up through 
broken ore; timbered, in narrow stopes, with 2 rows of lagged stulls; cribbed manways 
are used in wider stopes. For greater security, manways are often at ends of stope; if 
elsewhere, cribbed manways should be midway between 2 chute gates, and preferably 
on footwall, where they are least affected by movement of broken ore during drawing. 
(6) Raises are driven in walls, or in pillars between stopes, and connected with stopes 



Fig 431. Cro88-sec (after 
Hoover) 
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at vertical intervals of 15 to 30 ft by short drifts. This is common in wide stopes and 
affords strong protection for traveling and air-ways (see examples, Art 68). (c) Raises* 

through back of stope to level above. Access is then usually supplementary to forms (a) or 
(6), primary purpose being that of ventilation. 

Sorting in shrinkage stopes is not ordinarily feasible. (For exceptions, see Cobalt, 
Ontario, and Kennecott mine. Art 68.) 

Support of back and walls. Shrinkage methods are primarily for use where the back 
will stand unsupported and walls will stand while stope is being emptied (Art 69). For 
support of the back in shrinkage stopes with chutes, see Chutes, p. 275. Loose slabs 
in stopes without chutes (Fig 429) may be supported temporarily by stulls, preferably 
tapered and set with their big ends up to facilitate recovery from above; this is prac- 
tically the only form of support feasible during stoping. Occasionally the back and walla 
of stopes of moderate width are timbered while ore is being drawn, to protect men in the 
stope or to prevent contamination of ore by slabs from walls (Ariz Copper Co, Art 68). 


H. H. Hodgkinaon states in this connection (261): Timbering consists of lagging supported by 
transverse sets or frames spaced 4.5 to 8 ft apart. Fig 432 shows a good set for a highly arched 
back, a hitch is required at each end of the hori* timber. Fig 433 shows 
support for a weak wall at A. Unsymmetrical sets of this kind are feasible 
where peak of arch is not in center of stope. Fig 434 shows a rafter set 
for a stope with a flat back and poor wall at B. Timbers should be framed 
to conform to shape of back, a space of at least 10 in being left above the 
sets, for placing lagging and blocking; more space adds expense for extra 
blocking. Arched backs in general throw less weight on timbers and 
allow more space between sets than flat backs. Fig 436 shows extension of 
same general plan to the complete timbering of walls; successive stulls, 
uprights- and lagging are placed as ore is drawn. (Such work is costly and 
rarely justified in shrinkage stopes. Author.) 





Fig 432 


Fig 434 


Pig 435 


W. W. Lynch states that at United Verde mine, Aris, shrinkage stoping was employed in 1927 
to mine a block about 100 ft long and 60 ft wide. After carrying stope to full height of 100 ft, the 
back tended to slough on exposure to air. Before final drawing of ore, the entire back was gunited 
after arching. Result was satisfactory m protecting men working at bottom of stope after drawing 
of ore and prior to filling. Procedure was one of expediency to meet an unforeseen condition. 


Waste filling is the only means of supporting permanently the walls of empty stopes. 
Filling is dumped in through numerous raises put up to level above through the level- 
pillar at top of stope. Delayed filling operations of this kind are always cheaper than 
contemporaneous filling (Art 60), because stopes are open and much of the filling runs 
into place by gra\nty; shoveling is required only at top of stope. In long stopes, the 
length of wall left unsupported during drawing may be reduced by drawing all the ore 
possible from each chute-gate in succession, starting at one end of stope. As room is 
obtained, filling is dumped into the empty end of stope from level abow: toe of fill 
advances as the toe of ore pile recedes towards the other end of stope. Attempts made to 
draw ore uniformly over entire area of stope, and dump wasto into the top at the same 
rate that ore is withdrawn, always result in loss of some ore and serious contamination 
with waste. See Ariz Copper Co, Art 68; Inspiration mine, Art 80; and Bib (262, 263). 

Further details of shrinkage stopes are given in Art 68, 84-87. 


68. EXAMPLES OF PRACTICE, SHRINKAGE STOPES 

Cobalt, Ontario (264, 265). District was formerly a famous silver producer. Native silver, with 
arsenides of Co and Ni, occurs in vert fissures in conglomerate, graywacke, and quartaite. Width of 
veins, rarely over 6 in; assays up to 3 000 oz Ag per ton were sometimes obtained; values often 
extended into wall rocks, forming 3 to 6 ft of milling ore on each side of vein. Entry was by vert 
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shafts, generally following the vein; level interval, 60 to 76 ft; shrinkage stopes were usual; a few 
' veins were mined in open stulled stopes (Art 39). Practice at Buffalo minb was typical of shrinkage 
methods with flat-back stopes. The hard, compact ore was broken with 5-ft uppers, placed fairly 
close together to avoid need for spalling or blockholing. Before sloping began, 6 by 7-ft drifts were 
driven to the limits of ore; levels were timbered with lagged stulls after the cutting-out and first back 
stope had enlarged the drift to a height of 13 to 15 ft. Ore from these openings collected in drift and 
supported miners while drilling holes for a second back stope. Chute-gates were 20 ft apart, and a 
cribbed manway was built at each end of stope. About 33% of ore broken was drawn during stoping, 
a 6-ft open space being kept under the back. In stoping, low-grade ore on one side of vein was first 
blasted. The high-grade streak was then broken with light shots, the ore being sorted, sacked, and 
sent direct to smelter. The remaining low-grade ore on opposite side was then broken (compare with 
Besuing, Art 61). At some mines no sorting was done in stopes. Fig 436 is a section through 2 levels 
of CoNiAOAS MINS, showing method of dealing with oreshoots with so flat a pitch that ore would not 



run along the floor by gravity. Chute-raises A, with funneled tops, were put up from the level 
through barren material, they permitted control of the surface of broken ore during stoping and of 
the final withdrawal of ore. 

Hollinger mine, Porcupine, Canada. Data from A. W. Young (306) in 1035. Gold 
ore occurs in vert or steeply-dipping quartz-pyiite veins, along fractures in altered and 
distorted igneous and sedimentary rocks, in which greenstone, porphyry, and “pillow” 
lava predominate. Wall rock is usually schistose with its pianos loiighly parallel to 
strike of veins. Vein widths vary widely; juncture of several veins sometimes makes an 
orebody 75 ft wide. Chief mining method is cut-and-fill (Art 62); m 1934, shrinkage 
stoping produced 27.4% of the total. As such, shrinkage is usually limited to veins 
thinner than 8 ft, and having strong walls, though the first few cuts of cut-and-fill stopes 
in wider veins are often made by shrinkage. Development is by several vert shafts; 
level interval was 100 ft in upper part of mine, but lower levels are spaced 150 ft. 
General plan comprises a main haulage drift on each level, roughly parallel to strike of 
veins, but not in ore. Crosscuts are 350-400 ft apart. Drifts aie turned off in ore at 
intersections of the crosscuts with the numerous veins. Shrinkage storing. Preparation 
consists of silling out vein to full width of oie and to 17 ft above rail. Sill timbering 
usually consists of 12 by 18-in stulls, 7 ft c-c, set in hitches and at slight angle to horiz ; stulls 
are reinforced by one or more 9-in min-diam round posts. Where vein is too low-grade 
to be workable at the level, but good ore is known to exist above, raises are driven from the 
drift to bottom of this ore before stoping starts, (^hute pockets are in alternate sets, 
intermediate sets being lagged with 5-in poles. Stoping is in horiz slices 6-7 ft high. Holes 
8 ft deep, burden of 18 in, are drilled at 70°-80'’ from horiz with wet stopers. Drillers 
work on contract and aver about 10 holes per shift. Contract rates vary according to 
width of vein and are graded in a manner that discourages miners from overbreaking. 
As stope advances upward, a stulled or cribbed manway is cairied at one end. After stope 
reaches a height of about 50 ft, a raise is driven to level above for ventilation and service. 
Level pillars are left at top of stope, their depth depending on width of ore and nature of 
ground. Stope is scaled down during final drawing of ore, and weak walls are supported by 
stulls. On completing drawing ore, stope is filled to within 6-8 ft of back. Costs. Following 
data apply to year 1934 and are aver for all shrinkage mining of that year: tons ore broken 
per hole, 2.55; direct stoping labor cost per ton broken: breaking, $0,423; timbering, 
$0,085; filling, $0,068; scaling, $0,137; stope development, $0,032; total labor, $0,745; 
explosives, $0,160; total direct labor and explosives, $0,905. 

Wright-Hargreaves mine, Kirkland Lake, Ont. Data from L. B. Smith (176) in 1934. 
Gold ore occurs in fissure veins in porphyry. For geol details see Art 39. Shrinkage 
stoping is used occasionally where ore is 6 ft wide or more, and walls are strong. Level 
interval, 150 ft; drifts are in ore. Stoping starts by taking down back of drift to height 
of 15-16 ft above rails. After broken ore is removed by shoveling, haulageway is estab- 
lished by use of stulls (Fig 429 C). Stulls are 6 ft c-c, and set at right-angles to dip except 
where vein is vert; in latter case stulls are given sufficient pitch to hold firmly. Chutes 
are built in alternate sets, or 10 ft c-c. Manways are at 90-ft centers. In stopes under 
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10 ft wide, manways are of 2 lines of lagged stulls. If width exceeds 10 ft, cribbed man- 
ways are built against the footwall and fastened to it by eye-bolts and a piece of 16-lb rail 
(Fig 437). Stopes are flat-back, with breasts 
8 ft high; drilling is by mounted hammer 
drills; holes flat and 6-7 ft deep. Stopes 
are worked through to level above without 
leaving sill pillars; stulls used instead. 

After stope is drawn, it is filled with waste. 

Nevada-Massachusetts Co, Mill City, 

Nev. Data from O. F. Heizer (196) in 
1930. Tungsten ore with about 1% WO3 
occurs chiefly in thin limestone beds dip- 
ping 70°-75®. Most productive bed aver- 
ages 4.5 ft wide; walls stand with moderate 
amount of support and ore breaks well. 

Development. Two main veins are devel- 
oped by inclined shafts, 730 and 800 ft 
deep in 1924. Levels are 100 ft apart; 
drifts untimbered. Stopinq. All mining is 
by shrinkage stoping without filling except 
that waste from development is dumped 
into empty stopes. After exposing ore by 
drifting, a ventilation raise, which is also 
a manway, is driven to level above. Mean- 
time, chute raises are driven to height of 
6 ft above back of drift, and belled out to 
connect with each other. Chute spacing is 
20 ft if ore IS dry and draws easily; other- 
wise the interval is 15 ft. Manways are at 
80-ft intervals with 20-ft chute spacing; 
with 15-ft spacing, manways are 75 ft apart. 

Stope back is advanced as in Fig 438, one 
miner starting at ventilation raise and an- 
other at the manway. Holes are horiz if 
ground is hard, otherwise vert, by hand-rotated stopera. As stope advances, excess broken 
ore is drawn, to leave about 6 ft between top of ore pile and back of stope. Weak spots in 



Longit Sec Cross-Sec A-A 

Fig 438, Shrinkage Stope in Nevada-Massachusetts Mine, Mill City, Nev 


hanging wall are supported by stulls or pillars of ore. If grade of ore is low, pillars are 
loft permanently; otherwise they are blasted out after stope is completed. Floor pillars, 



Fig 437. Cribbed Manway pinned to Wall by 
Kye-bolt and Rail, W iight-Hargreaves Mine, 
Kirkland Lake, Ont 
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6 ft tWok, are finally removed by underhand mining. In 1928, average output per 
man-shift chargeable to imderground work was 2.62 tons. 

Rosklare, 111 Data from E. C. Reeder (197) in 1930. Shrinkage method is used in mining fluor- 
spar. Mineralised fault fissures occur in horis or flat-dipping beds of limestone, sandstone, and shale. 
Veins, nearly vert, aver about 12 ft wide; max width is about 34 ft, and 18-20-ft widths are oom- 



[^ 254 - 25 H- 25 t) Level to shaft 

Fig 439. Shrinkage Stope in Wider Veins, Rosiclare, 111 (197) 

mon. In mine described, deposit is 1 900 ft long; developed by vert shaft starting in footwall about 
iongit center of deposit. Levels are opened at 100-f t vert intervals by cross- 
cuts from shaft and dnfts m vein. For the wider veins, chute raises are 25 ft apart and driven high 
enough for » sub-drift to be driven for connecting tops of raises; sub-drifts are slabbed to full width 
Of vein (fig 439). In narrow veins, sloping starts just above dnft timbers, as in Fig 440. Slopes vary 



Fig 440. Shrinkage Stope, Narrow Veins, Rosiclare, 111 (197) 

from 100 to several hundred ft long. The stope back is carried in benches, usually drilled with 
uppers; sometimes, 12 to 15-ft flat holes. Top of ore pile is kept 6-7 ft below back. The thickness of 
level pillar is computed on basis of 1 ft for each foot in width of stope, up to a depth of 15 ft which 
se^es for stope widths to 34 ft. These pillars are finally mined and dropped into the empty stone 
below. Production per man-shift in 1930 averaged 2 93 tons for all men underground. 

Arizona Copper Co, Metcalf, Ariz (152). Methods once used at King and Coronado 
mines, studied together, illustrate advancement in shrinkage practice. Fig 441 shows 
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method applied at King mine to orebodies 500 to 700 ft long, with max width of 30 ft, 
occurring in a fault fissure in porphyry; walls were strong and well defined; dip, about 70®. 
On each level, haulageways were driven in walls, the vein was crosscut at 25-ft intervals, 
and the entire sill floor of shoot excavated as a breast stope (Art 30), the ore being shoveled 
into cars. Stope was then carried up as 
a flat-back shrinkage stope, 33% of 
broken ore being drawn through crosscuts 
by shoveling. Access to stope was through 
raises, at 100-ft intervals, to level above. 

Back-stopes were 10 to 15 ft high, miners 
working towards each other from adjacent 
raises; at some point the belly of ore 
between 2 parties generally broke off, and 
the block was blockholed if necessary. 

Occasionally, parts of vein were too weak 
to allow safe overhand stoping. Then 2 
raises, between which soft ore occurred, 
were connected by a drift 20 to 30 ft . ^ CRoss-sec a b 

above the back. Ore in the pillar so Shrinkage Stope, King Mine, Metcalf, 

formed was broken by holes m floor of 

drift, beginning midway between raises and retreating towards them ; similar underhand 
methods were employed on approaching an upper level. 

Above method was later modified to allow use of chutes for loading cars. Fig 442 


imixiii 




i OF LEVEL CROSS-SEC A B 

Shrinkage Stope, King Mine, Metcalf, 



tONQIT SEC C 0 CROSS-SEC A B 

Fig 442. Shrinkage Stope, Coronado Mine, Metcalf, Aria 

shows its application at Coronado mine, for an oreshoot 1 750 ft long, with a vert dip 
and aver width of 35 ft. Walls and ore were stiong, ore broke large and could not be run 
direct to cars without much blockholing in chutes. Stopes were 150 ft long, separated by 

30-ft pillars; raises in centers of pillars, and con- 
nected with stopes at vert intervals of 25 ft, furnished 
ventilation and access. Chute-raises were 25-ft apart, 
those from hanging-wall drift being half-way between 
those from footwall drift. Floor of stope was opened 
15 to 20 ft above level. Over each chute was a 
grizzly, on which shovelers broke up large pieces. 
Fig 443 shows another method permitting gravity 
loading of cars, and giving opportunity for breaking 
boulders without blasting in chutes. A level 2 sets 
high in middle of vein was square-set ted. Inclined 
funnel-shaped raises, alternating to right and left from 
the sides of upper sets, communicated with the stope 
floor 20 ft above level. Ore collected on lagging of 
lower sets, where it was spalled or blockholed, and 
loaded into cars. Cost of preparatory work was 
less in this system than in that shown in Fig 442, 
but final drawing of stope was subject to more delays. “Stopes at the top of orebody can 
generally be carried to cap rock, and then be drawn quickly without difficulty. Danger 
of_an air blast from sudden caving of an empty stope makes subsequent filling always 
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desirable ” In one place, an attempt was made to cave overlying waste on a heavy mat 
of timber laid on the broken ore, and then to draw the ore below, but if the mat descended 
more than 30 ft, it broke up enough to cause a serious admixture of waste In deeper 
parts of oreshoots, shrinkage stopes were stopped 25 to 30 below bottom of the overlying 
stope, the ore was drawn quickly, and the stope filled with waste In weak ground, 
back of stope was arched and timbered before ore was drawn (Art 67) Level-pillars 
were mined with square-sets started on top of waste fill, then the pillars between stopes 
were top-shced (Art 70 et seq) 

Morns Lloyd mine, Marquette Range, Mich (184) Shrinkage stopes were used for mining a 
deposit of strong siliceous hematite, 500 ft long by 25 to 75 ft wide, dip, 70* to 85®, hanging wall 
gave some trouble from falling slabs Level interval, 150 ft, mam haulage drifts were driven near 
footwall and timbered with 3-piece sets Deposit was crosscut at 100-ft intervals, to determine 
width and grade, m wider portions, a second drift was driven later near hanging wall Max stope 
width, 40 ft, greater widths were mined in 2 stopes parallel to walls, with a pillar between, or in a 
series of transverse stopes with pillars Levels were connected by untimbered raises 100 ft apart, 



Fig 444 Shrinkage Stoping, Morns Lloyd Mine, Marquette Range, Mich 


which ventilated and gave access to stopes Chute-raises, put up at 20-ft intervals to a height of 10 ft 
above back of level, were timbered with 3-in plank and protected with 40-lb rails from injury by 
blasting Tops of raises were connected by a sub-drift 16 ft above the level, stope was then widened to 
full size, tops of raises were funnel ed out and stope ^vas earned up as a stepped-face sbnnkage stope 
(Fig 444), 30% of the ore was drawn during mimng Ore was broken with 2 slope drills per 50-ft 
length of face, 1 laborer per 100 ft of stope blockholed and sledged large lumps On completion of 
stope, ore was drawn as evenly as possible from chutes, as this seemed to reduce blocking 

Replogle mine, Wharton, N J Lenses of magnetite m gneiss dip 65® and pitch 18° Shrinkage 
slopes are made full width of ore (over 100 ft in places) by 400 ft long, transverse vert pillars 50-80 
ft thick are left between stopes A sub-dnft is driven close to footwall, leaving a 10-ft pillar over 
main level Bulldozing chambers with chute gates below are put m at 40-ft intervals on the sub- 
level, gnzzlies are of 105-Ib nils, with 10 76-in openings Raises are driven from each bulldozing 
chamber to the hanging wall at an angle of about 40° Stope floor is opened from the raises in form 
of a senes of transverse V-shaped ndges Access to stope is through manways in the transverse end 
pillars Data from A H Hubbell in 1920 (582) 

Mt Hope mine, N J Data from J R Sweet (529) in 1932 Magnetite occuis m 
tabular orebodies dipping 60°-80°, and pitching 14° from hoiiz Stoping widths, from a 
few feet to 40 ft Height of orebodies along dip is 150-400 ft, length exceeds 7 500 ft 
In mam body the ore is hard and tough, standing unsupported over at least 40-ft widths 
Wall rock is hard, granitoid gneiss Main 1 000-ft shaft, inclined at 64°, was started in 
footwall, but cut through orebody below 250 ft Former plan of development was by 
levels at intervals up to 260 ft More recent practice is to dri\ e inclines along pitch of ore- 
body and 25-30 ft beneath it, thus permitting high extraction without undue development 
cost Stoping blocks are usually 340 ft long Stopes are bounded by inclined pillars 30-40 ft 
wide (Fig 445) Access to stope is by manway raise to top of ore through center of pillar, 
and connected by short drifts to parallel raises forming a cut-off line between stope and 
pillars Inclining of pillars permits low-cost driving of raises Recent practice (1932) 
IS to provide each stope with 4 chutes, 81 ft apart Chute raises are l^elled out to make 
room for grizzly chambers From ends of grizzlies, undercutting raises are driven along 
strike at 45°, as m Fig 445, leaving pillars over the grizzlies Access to grizzlies is through 
a sub-inclme in the hanging wall, parallel to mam incline and connected to grizzlies by 
short crosscuts Stope face finally becomes flat-backed Benches are usually advanced 
from each end toward the middle Height of benches is 6-15 ft, generally inversely to 
ore -width They are broken with 14-ft flat holes, drilled by jackhammer fitted with 
stoper leg and lying honz on a 12 by 2-m plank, 12-16 ft long, the outer end of which rests 
on a rung of a ladder leaning against the back Foot of drill extension leg is held m place 
by an eye pm mserted in 0 5-m holes bored along center line of plank, the pm being moved 
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forward as required. This novel drilling method is effective Burden on holes, 3-6 ft. 
iSxplosive 18 40% dynamite The 14-ft holes are loaded by first tamping in 12-15 cart- 
ridges, and distributing the remainder along full length of hole by alternating sticks of 
dynamite and wood Some blockholmg is done in the stope, the rest on gnzzhes This 
mining method does not permit economic recovery of pillars, 90% extraction is expected 
Following stoping data are for year 1930 tons broken per machine-shift, 82.53, tons per 
man-shift chargeable to stoping, 57 59 , av tons per man-shift underground, 7 09 , av tons 
per man-shift on property, 4 52, tons broken per ft of hole, 2 58, powder per ton broken, 
0 384 lb For methods at other magnetite mines m same district, see Bib (494, 633) 
Walker mine, Walkermme, Plumas Co, Calif (subsidiary of Anaconda Copper Mining 
Co) Following data, from J F Dugan, Gen Supt Mines, Int Smelt and Ref Co, cover 
practice in 1939 Orebodies are fissure veins of quartz, carrying copper sulphides asso- 
ciated with pyrite, pyrrhotite, and magnetite Veins are 600-1 400 ft long, 10-60 ft wide, 
and dip 30°-85°, both walls are metamorphosed sediments and igneous flows. 



Fig 445 Shrinkage Stope Development and Mining, Mt Hope Mine, Mt Hope, N J (529) 
Numbers m circles indicate successive development steps 


Mine IS opened by a 2-mile adit on 700-ft level, 2 inclined shafts to 1 000-ft level and 
one to 1 200-ft level The 700 and 1 000 are haulage levels, fiom whuh slopes are started 
(Fig 440) A sulvlov el A is di iv en 30 ft above haulage lev el IS, and two 6 by 10-ft ore chutes 
C arc raised 50 ft apart to bulldozing chambers D, conneited with the sub-level by cross- 
cuts E Top of (‘aeh laise is coveied by 90-lb grizzly rails with 10-in openings Aboye, 
and with enough blow to keep the grizzly from flooding, shoit finger raises F aie milled 
out into a stope Pillar raises G are diiv'en to level abov’^e at 150-ft mteivals, and from 
them are sv*r\ice diifts H every 30 ft v'eit, starting 50 ft above sub-level Thus, stopes 
110 ft long are separated by 40-ft pillars, which are robl')cd by drilling from the service 
drifts Depending on character of ground, pillai -raise centei lines may be shortened or 
lengthened 50 ft, cutting out or adding one chute This would leav'e stopes 60 or 160 ft 
long, separated by 40-ft pillars Through the level-pillars are mill holes from tops of 
finished stopes to the level above These are covered wuth grizzly rails and then other 
stopes are opened directly abov^e Level interval is 100-3(X) ft vert, depending on the 
ground, and lifts of as many levels as desired may be opened from one haulage level. 
Pillar robbing starts at the far end of top level, retreating towaid the shaft 

In the Piute orebody, the vein below the 700 adit is flatter than 45° and most broken 
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ore must be scraped to the level (Fig 447). Large chute mouths 0 are 70 ft apart, with a 
7 by 18-ft raise P driven from every third chute to level above. Service drifts Q are 
driven every 30 ft vert, starting 35 ft above the track, and then the raise is enlarged as a 
stope. Service, air, and water pipes supply 3 stopes and are brought through the raise 



Hor Sec X-X 

Fig 446. Shrinkage Stoping, Walker Mine (ideal sections) 


from level above. Pillars are robbed from the service drifts. This method is locally 
called “semi-shrinkage” stoping. Most stope drilling is done with 3.6-in Leyners, 
mounted on 4-in bars and arms, but heavy rotating stopers are used in raises and narrower 
stopes. Bits are detachable; hot-milled, and tempered in an elec furnace. Aver break 
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per machine-shift is 29 tons, with 1.9 sticks of powder per ton; 46% Gelemite is used to 
blast simultaneously large numbers of 6-12-ft holes. 

Application of shrinkage sloping to large deposits is shown by following examples. 
Excepting Creighton and Homestake, the mines described have low-grade orebodies and 
methods used are designed to give cheap handling, large output per man stoping, and to 
require little timber; all essential for cheap mining. The method are similar, but differ 



Fig 447. “Semi-shrinkage” Stoping, Walker Mine (ideal sections) 


in percentage of orebody extracted, methods and control of ore breaking, and the handling 
of large slabs that must be broken. Some of these examples might be classed under Com- 
bined Methods, Art 83; some have been wrongly classed in Bib (630) as Caving Methods, 
because the modes of breaking ground may involve caving part of the stope backs. 

Cresson mine, Cripple Cr, Colo. Data from R. L. Herrick (161) in 1911. Country 
rock is granite; gold telluride ores occur either in massive shoots in fissured zones, or in 
replacement veins in well defined sheeted zones alongside of or near basic dikes. 
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Fig 448 and 449 show method of mining an oreshoot on 600-ft level, which was 280 ft 
high and 60 by 120 ft in horiz sec. On each level, a breast stope (Art 30), 10 ft high, was 
carried over whole area of shoot, in which square-sets were erected, as in Fig 448, which 
also shows track layout and chute-gates. Open square-sets, which were inadequate to 
support the broken ore after stope had reached some height, were strengthened by lagging 
the sides of certain sets and then filling them with ore by shooting down the lagging 
overhead; sets behind chute-gates were left open for access in making repairs. Level 
timbering and tracks were all recovered after stopes were drawn, starting at one end of 
stope and retreating toward the other. Flat-back shrinkage stopes were used. As soon 
as any part of the back reached a point 8 ft below floor of level above, it was caught up on 
cribs, wedged tight and in places filled with ore. Level-pillars were mined as in Fig 449; 
work began by drilling holes in back around a crib in middle of stope; the crib was then 
removed and the holes blasted, making an opening about 12 ft diam into the stope above. 
Work then stopped for several days to allow loosened rock to work and drop; then the 
back around the opening was attacked. Cribs were close enough together to allow all 


holes to be drilled under their protection. After ^ 
center opening had reached a diam of 30 ft, the ^ 
remaining pillar sagged and its wt was supported ^ 
entirely by the cribs; this wt and the resulting in- ^ 
cipient fractures materially reduced consumption ^ 
of explosive for mining rest of pillar. This method is ^ 
stated to be safe and to effect considerable economy p 
in labor and dynamite, as compared with the drill- p 
ing of holes from below over the entire pillar and p 
shooting them simultaneously. In one place a con- p 
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Fig 448. CresBon Mine, Plan of 000-ft Level (Fig 449) 


VERT CROS8-8EC 

Fig 449. Shrinkage Stopes, Cresson 
Mine 


tinuous shrinkage stope was carried to a height of 320 ft. This saved cost of mining levci- 
pillars which, as the ground was fairly soft and required thick pillars, would have had to 
be mined by square-setting. Ore was drawn from this stope on several levels thioiigh 
chute raises from workings driven in the walls. 

Kennecott mines, Kennecott, Alaska. Data from S. Birch in 1924 (548). Property 
is now worked out. High-grade copper sulphide replacements are in limestone. Dip is 
usually steep. Width of orebodies was fiom a few ft to over 100 it; length 150 to over 
1 000 ft. In some places entire width was high-grade ore, with only a little low-grade. 
In others high-grade was in streaks 1-10 ft wide, separated by poorer ore. Shrinkage 
sloping was the usual method; a novel feature was the “double” mining practiced when 
the high-grade portion of orebody was wide enough. As much as possible of the high-grade 
was mined first by shrinkage stop© and the broken ore was drawn. Surrounding low-giade 
ore was then mined by ordinary shrinkage stope; if lenses of high-grade occuned in this 
second stope, they were broken with the mill ore. Care was taken not to overlook ore 
that made along bedding planes, or on faults or cross fissures away fiom main body. 
Generally, as a stope was drawn, it was safe to follow and recover ore m the walls that 
might have been missed in stoping. Recovery of level-pillars was usually delayed, so that 
drifts could be maintained for mining oreshoots that often came from below into what was 
thought to be barren ground. Waste from development was dumped into old stopes. 
Where possible, development drifts were kept in high-grade ore. Chute raises 25-35 ft 
apart and 29-25 ft high were put up from the level; they were connected, leaving V-shapod 
pillars over the level. If ore in a drift became lean, the stoiie above was carried ahead from 
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the last chute raise to determine the direction in which the drift should be driven. Where 
ore was wide, 2 or more parallel drifts were driven on the level 

Alaska Treadwell mine, Douglas Island, Alaska, now flooded and abandoned, was 
formerly an outstanding example of large-scale shrinkage mining in U S, and many details 
of present practice elsewhere have been developed from work done there Ore was low- 
grade, gold quartz, in a mineralized dike of irregular shape, 0-420 ft wide, dip, 50°-65®. 
Limits of ore were commercial rather than structural, aver assay as mined, $2-$3 per 
ton Ore was strong, footwall weak, but supported by leaving on it a strip of unmined 
ore, hanging wall hard and strong Profitable mining was done in transverse shrinkage 
stopes, separated by vert pillars 100 ft apart c-c and 18-25 ft thick, which were con- 
tinuous through successive lifts and left as permanent support for the walls, horiz pillars 
were left below alternate levels Level interval, 200 ft. Stopes weie opened 18 ft above 
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Fig 450 Shrinkage Stope, liomestake Mine, So Dak (former method) 


levels from tops of inclined chute laises driven 15-30 ft apart along underlying drifts 
and crosscuts About 20% of orebody was left m iib pillars For full detail, see Bib 
(105, 273) 

Homestake mine, Lead, S Dak (104, 271, 272, 199) Production has been practically 
continuous since 1878 The mine is notable for large-scale shrinkage mining applied to 
massive orebodies Orebodies carrying moderate gold v alues occur as huge lenses in an 
intensely folded formation of chloiitic schist within a series of garnet-mica schists, quartz- 
ites, and slates Individual “ledges” are 50-150 ft thick, but squeezing and folding in 
places have resulted in orelxidies over 300 ft wide, dips, generally steep Ore is hard, 
tough, and extremely abrasive, breaking in largo pieces unless drill holes are spaced 
closely Tendency to break largo inspired in early days a method of shrinkage in which 
all ore gravitated to sill floor and was mucked into cars A J M Ross states that under 
this system one “blockholer” was usually required to drill and break largo boulders for 
every 2 muckers Fig 450 shows general stoping method piior to 1917, as applied to ore 
Wider than 80 ft Transverse stopes were carried 60 ft wide, separated by 42-ft pillars 
Level interval was 100-150 ft Mam haulagoways H were driven in footwall about 20 ft 
from ore Ciosscuts were on center lines of pillars Short drifts T (“break-throughs”) 
ran each way at 30-ft mteivals from crosscuts to pillar lines Sill floor was then breasted 
out 8-10 ft high. Where deposit was very wide, a timbered gangway X was erected 
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near hanging wall. At end of break-throughs, shoveling platforms with sheet- 
steel covering were built, height being that of a mine car. Stope was then carried up as a 

flat-back shrinkage stope, leaving 



Fig 451. Plan of Sill-floor Operations in Wide Ore, 
Homestake Mine, Lead, So Dak 


an arched level-pillar above, about 
20 ft thick at crown. Entrance to 
stopes was through raises to level 
above or through manways R. 
Final drawing of ore began at one 
end of stope. As shoveling plat- 
forms became useless, they were 
removed and track was extended 
into stope (asatG). Filling with 
waste closely followed final draw- 
ing. Before filling, floor was cov- 
ered with a timber mat and sides 
of pillars were lagged to aid sub- 
sequent recovery of level and vert 
pillars by square-setting. Recent 
PRACTICE. Data from A. J. M. 
Ross (199) in 1931. Distance 
between levels is 100 ft above 
1 100 ft, and 150 ft below that 
level. Standard plan of develop- 
ment (Fig 451) is to drive a hang- 
ing-wall drift D far enough from 
ore to make almost certain that at 
least 30 ft of barren ground is 
between the drift and ore. Cross- 
cuts X are driven through ore 
into the footwall at 102-ft inter- 
vals, or on center lines of stope 
pillars, and connected within the 
footwall to form a footwall drift E. 


Drifts F, along both walls, are also driven from these crosscuts. After the crosscuts are 
connected by the drifts, sill floors are cut out on lines given by surveyors for stopes 60 ft 
wide and pillars 42 ft thick. Fig 451 is a plan of sill floor development in wide orebody. 
After cutting sill floor, stope back 


is raised and arched in the shape 
of the ore pile that would be left 
after the chutes have drawn all 
that is possible. Broken ore is 
shoveled out and a timbered gang- 
way G (“chute line”) is built along 
each pillar line. Chute pockets 
are built within the sets for later 
use in draw ing shrinkage ore. The 
stope floor between chute lines is 
covered wdth timber mat, and 
waste fill IS run in through inclined 
raises 72 (Fig 452). Shrinkage min- 
ing now starts and continues to 
within about 25 ft of level above. 
Access to stope is gained through 
drifts from pillar raises. Ground 
is broken with flat holes, and 
benches are kept shallow to avoid 
burying large pieces. All block- 
holing is done on top of ore pile. 
After final drawing of ore, stope 
is filled as soon as possible. Crown 
(level-pillar) is removed by square- 
setting. Fig 453 shows cross-sec 



Fig 452. Longit Sec showing Principal Stoping Method, 
Homestake Mine, Lead, So Dak 


through stope in narrower ledges. Where width is less than 60 ft, stopes are carried 


longit, some measuring 100 ft along walls. Dividing pillars are then 25 ft thick and 


one chute line, along footwall, suffices. 
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Creighton mine, Ont. Data from O. Hall and R. D. Parker (216) in 1930. Large 
lenticular deposits, chiefly of massive chalcopyrite and nickeliferous pyrrhotite, occur in 


shear zones in norite and granite at 
or near contact; norite is on hang- 
ing-wall side. Aver dip of main ore- 
body, 45°; of others, 35°-60°. Ore- 
bodies reach 1 000 ft in length; width 
to max of 300 ft. Entry is by 
inclined shafts in footwall. Level 
interval 120 It in upper workings, 
180 ft in lower. For many years, 
mining was principally by shrinkage 
method; more recently, by cut-aiid- 
fill and square-sets. For shrinkage 
mining, level development consisted 
of a footwall drift from which cross- 
cuts were turned at 75-ft intervals 
along center lines of pillars. 

In WIDE OREBODIES stopCS 50 ft 
wide extended across orebody from 
foot to hanging and were separated 
by 25-ft pillars. Intermediate cross- 
cuts were sometimes run under center 
lines of stopos to permit closer chute 
spacing (Fig 454). Footwall raises 
along contact and on center lines of 
pillars served for manways and ven- 
tilation. Other raises within footwall 
were ore and waste passes (Fig 455) ; 
ore passes delivered from the levels 
to underground crushei s above skip 
pockets. Inclined chute raises, 15 ft 
apart on alternate sides of main 
crosscut, reached cutting-out floor of 
stope along pillar lines (Fig 454). If 
intermediate crosscuts were driven, 
there were also chute raises along 



Fig 453. Crofis-8cc through Stope in Narrow Ledge, 
Homestake Mine, Lead, So Dak 


center line of stope. Floor cutting, 25 ft above level, started by driving headings along 
pillar lines to connect chute raises. Headings weie then slabbed on sides away from 
pillars and breast stoping continued until floor was completed. Stope was then carried 

by flat-back shrinkage stoping to 
within about 25 ft of level above. 
Floor pillar (crown) was broken 
through at hanging wall and mined 
by retreating toward footwall, 
using deep vert holes. Recovery 
of vert pillars consisted of driving 
raises 30 ft apart along center lines 
of pillars to within 10 ft of level 
above. At intervals in each raise, 
drift rounds were taken toward 
stopes, and along length of pillar to 
honeycomb it. Large sections of 
pillars, or whole pillars, weie then 
drilled and blasted electrically (Fig 
456), Breaking vert pillars and 
final drawing of ore retreated 
from hanging wall and far ends of 
a level. Hanging wall caved in 
Fig 454. Longit Sec showing CroRscut and Chute-raise large blocks and followed down on 

Arrangement, Creighton Mine, Ont broken ore in drawing. Chutes 



were drawn until waste appeared. 

In NARROW OREBODIES, shrinkage stopes w'cre carried longit and crosscuts from footwall 
drift were omitted. Length of stopos was limited by leaving 30-ft rib pillars at intervals, 
as required. Footwall raises served same purpose as outlined for wide orebodies. 
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B^atson mine, Kennecott Copper Corp, Latouche, Alaska. (All mining' at this property was 
abandoned in 1930). Data furnished in 1927 by J. L, Fozard, F. M. Radel and J. A. Richards, who 












Horiz Sec 


Fig 456. Sec through Pillar, showing Raises and 
Drill Holes, Creighton Mine, Ont 



devised the mining method. Orebody is a low-grade lenticular deposit of disseminated chalcopyrite 
in graywacke, containing mineralized bands of chert and slate; length of lens, 600 ft; max width, 
260 ft; ore aver, 1.6% Cu. Hanging wall is a fault dipping 40®-60®; there is 1-10 ft of gouge, associ- 
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ated with a massive pyrrhotite body, 1--12 ft thick. Footwall is a commercial one; it roughly paral- 
lels the hanging. Qensbal plan. Prior to 1920, mining was mostly opencut. Some underground 
mining was done in transverse flat-back shrinkage stopes; max safe width of such stopes was found to 
be 20 ft; production in them averaged 20 tons per machine drill -shift. Chief requirements for profit- 
able mining of lower lifts; large output, safety; cheap break- 
ing (large tonnage per drill-shift) ; controlled breaking, to 
minimize dilution by waste; prompt support of walls; cheap 
handling. The method adopted (locally called the Beatson 
method) was suggested by results from enlarging raises. It 




Fig 4.59 Beatson Mine, Alaska. 
(Vert sec XX, Fig 457) 


comprised a senes of 70-ft transverse shrinkage stopes, separated by 30-ft rib pillars, ore was 
broken by blxsting in deep holes drilled from raises put up through the area to be stuped, so that 
miners need not work in a slope after it was undercut. Pillars were partly mined and partly caved; 
broken ore was drawn through bulldozing chambers into chute raises. Development Entry was 
by a vert shaft in the hanging wall, about 1 200 ft from the orebody, an 8 by 7-ft crosscut was driven 
through the orebody on each le\el, level interval, 200 ft. Fig 4.57-460 show development prepara- 
tory to sloping. Haulage drift D was parallel to 
footwall and about 40 ft from it , ciosscuts C were 
driven to hanging wall at 100-ft intervals, these 
con.stituted the mam haulage openings and were 
equipped for motor haulage. An intermediate 
lev el ("grizzly lev el") w as opened .50 ft abov e mam 
level, this comprised drift G, about ,50 ft from 
footwall, w'lth crosscuts 11, 100 ft apart on center 
lines of slopes, drifts K, 23 ft long, giving access 
to grizzlies ^bulldozing chambeis) J, and drift L, 
connecting with crasscut M, which w'as on center 
line of the pillar and contained 2 grizzlies X 
Grizzlies </ were 40 ft apart along the strike and 60 
ft apart arras.*? the depo.sit, starting 1.5-20 ft from 
footwall, thi.s arrangement proved satKsfactory for 
a 70-ft stupe, wliere tlie ore was 100-250 ft wide 
(Fig 458). From the haulage crosscuts C’, .5 by 5-ft 
chute raises R wore put up to the giizzlies (Fig 
459), us the raises branched, each chute gate (> 
served a pair of grizzlies J Chute gates P (Fig 4.57) 
were connected by raises S (Fig 459) with grizzhas 
.V and served t o draw the pillar ore. Dev elopuient 
was completed by driving tlie 5 by 5-ft undercut- 
ting raises T (Fig 458) from ends of grizzly cham- 
bers *7, and connecting them abov'e, 5 by 5-ft mining raises IF were then put up to level above. In 
the example shown, mining raises were 45 ft apart, starting 15 ft from footwall, spacing was varied to 
suit character of ground and w’ldth of stupe. Fig 460 shows .similar openings driv^en from grizzly 
chambeis X (Fig 457) on center lines of pillars. Stuping. Slope floor was first cut out 5 ft high; 
work started from the undercutting raises; drilling with slope drills. After undercutting was fin- 
ished, miners did not work in the slope again; all drilling and blasting was done in the mining raises, 
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to which access was gained from level above. Fig 461 shows mode of breaking ground. Drilling was 
done with heavy jackhammers. Starting 16—23 ft above the stope back, 6—8 holes, about 8 ft deep, 
were drilled downward from sides and corners of the raise; holes were pointed to bottom on the 
boundaries of a 15-ft square, with the raise in center. They broke a chamber A, which gave room 
for handling steel up to 20 ft long; the ledges L formed supports for a plank platform from which 
subsequent drilling was done. About 20 holes, 12-20 ft deep, were drilled from each chamber (Fig 
461); they were located to break to the pillai lines and cover an area about 30 ft by 35 ft. About 
10 ft of ground was left between bottoms of holes drilled from adjacent raises; this ground usually 
caved, but might be drilled if necessary. Fach round drilled from a raise required about 12 man- 
shifts by 1 man and 2-4 man-shifts for springing and blasting Stope backs were kept as nearly horiz 
as possible; broken ore was kept close to stope back to support the walls, drilling did not need to be 
completed in all the chambers on a given horizon before any were blasted. The mining raises had 

water and air lines from the level 
above; also a ladder and chute 
slide, in which a small skip for 
steel and supplies was operated 
by a “tugger” hoist on the level. 
Mining pillars did not begin 
until adjoining s topes were com- 
pleted. A pillar was undercut 
like a stope; then a strip of ore 
was mined along the footwall by 
drilling from the raise (Fig 461) 
as in stopes. Most of upper part 
of pillar caved, more mining 
raises might be put up in pillars 
if necessary. Bulldozing cham- 
bers J (Fig 457) were 24 ft long, 
5 ft wide and 7 ft high; grizzlies 
had 11-m openings. Drawing. 
Stope and pillar ore were drawn 
simultaneously and as evenly as 
possible to prevent waste dilu- 
tion, drawing retreated from 
the end stopes on a level. Ad- 
vantages OF THIS METHOD of 
breaking ground compared with 
ordinary practice in flat-back 
shrinkage stopies' (a) Since dan- 
ger from falls from stope back 
is eliminated, it permits wider 
stopes and a greater ratio between stope and pillar widths. (6) Drilling is efficient, all holes are 
wet. (f) Many delays eliminated, as, setting up and tearing down, barring down backs, packing 
steel, breakage of hose, (d) Uninterrupted drilling for 6 out of 7 or 8 shifts increases footage 
drilled per shift and hence output per man-shift, (e) Drawing broken ore does not interfere with 
drilling. (/) Any large movement of ground shows itself in the mining raises. Table 43 gives 
OPERATING DATA. See also Bib (198). 


Table 43. Operating Data, Beatson Mine (a) 



Stope 

Pillar ’ 

Total and aver 

Machine-drill shifts. . 

7 814 

I 047 

8 861 

Tons ore per machine-drill shift 

172 

218 

188 

Labor shifts 

12 733 

2 606 

15 339 

Tons ore per labor shift in stope 

IIO 

131 

1 13 

Bulldozing shifts 

14 507 

3 603 

18 no 

Tons ore per bulldozing shift 

59 

70 

61 

Pounds powder per ton ore, drilling 

0 27 

0 16 

0 24 

Pounds powder per ton ore, bulldozing . 

0 18 

0 16 

0 17 


(a) Based on mining 1 672 888 tons by Beatson method, to Jan 1, 1926. 


Alaska Juneau mine, Juneau, Alaska. Data from P. R. Bradley (684) in 1929, and 
L. H. Metzgar (504) in 1932. Mining here might be classified as caving, but shrinkage 
principles are also involved. It represents efficient underground mining of gold ore averag- 
ing only about 90^ per ton. Values occur in quartz stringers and gash veins in slate con- 
taining numerous dikes and sills of metagabbro. Limits of ore are commercial; values 
are distributed irregularly in 4 ill-defined bands aggregating 755 ft wide, which, with inter- 
vening country rock, occupy an area 1 300-1 600 ft wide by 2 400 ft long. A cross fault 
divides the mine into 2 parts, and a strike fault dipping 55°-60® practically marks the 
footwall of the ore being mined. Presence of sulphides in the ore indicates values and 



stage) 
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makes sorting possible. Development. Topography is very rough; entry is by main 
haulage adit (No 4 level) about 2 miles long and 950 ft below surface in the main orebody. 
Levels above, at 250-ft vert intervals, are connected with haulage adit by ore-transfer 
raises (Fig 462) . Bulldozing chambers may be on main or sub-levels. Stopinq. Stope 
preparation consists of driving branch raises from ore transfers, to connect with bull- 



dozing level at 75-ft intervals along strike and 100-ft intervals across strike. Thus, 
grizzlies are set at corners of a rectangle and serve a stope “cut-out” 130 ft along strike 
and 180 ft across it. Grizzlies with 25-in openings are of 15-in I-beams or H-beams, with 
1-in wearing plates and separated by wooden spacing-blocks; they are set on slope of 
1 25 in per ft. After placing grizzly, a 7 by 8-ft raise (“dra whole”) is driven from upper 
end of grizzly at angle of 38° (Fig 
403). After extending raise 18 ft, 4 
branch laisos (“cut-out raises”) (Fig 
464, A) are driven on a slope of 38°, 
diverging at 90° from each other. 

Two branches extend to limits of the 
area to be undermined. The others 
connect with corresponding raises from 
adjoining grizzlies. Thus, the “cut- 
out” is outlined both across and along 
strike by a set of raises having form 
of a largo letter (Fig 464, B). Cut- 
ting-out begins just above each draw- 
hole and proceeds at a slope of 38° 
until the resultant 4 adjacent funnels 
meet at “peak” and outer limits of 
“cut-out” are reached. Cut-out 
miners work on contract basis at 
35-38^ per sq ft (1932), measured on 
the 38° slope; height of cut, 7 ft. 

Mounted drifters are used, miner 
averaging 8 7-ft holes per shift; 45 
sq ft per machine-shift is aver break. 

During cutting-out, stope-raises (Fig 
462), about 100 ft apart, are driven 
to level above. Upper level then 
serves as supply level and moans of 

access to “powder drifts” below. When stope area is completely undercut, mining 
proceeds by large-scale blasting. Powder drifts (Fig 462, 464), 4 by 3 ft cross-sec, 
are driven radially from stope raises and loaded with enough powder to break down into 




Fig 463. 


Bulldozing Chamber and Grizzly, Alaska 
Juneau Mine 
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Table 44. Alaska Juneau Mine. Data for 1928, Units of Labor, Poner and Explosives 


Labor (man-hr per ton of ore) 

Under- 

ground 

crew 

Development 

0 030 

Stopmg 

0 001 

Bulldozing 

0 064 

Tramming 

0 064 

Total 

0 159 

Tons per man-^hift 

50 10 


All labor 
charged 
to mining 


0 048 
0 003 
0 083 
0 132 
0 266 
30 fO 


U ndcr- 
ground 

1 , crew 

Hixplosives (Ib per ton of ore) 


Development 0 06 

Stopmg 0 05 

Bulldozing .. . Q 29 

^ ^ ..^40 

Power, kw-hr per ton . | 
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of powder vary according to experience. Fig 465 shows typical powder-drift layout and 
distribution of charge. Explosive is 40% ammonia dynamite; it is fired by Cordeau- 
Bickford fuse, which is detonated by No 8 caps and two 30-ft lengths of safety fuse 
Through 1928, aver break in powder-drift blasts was 20 tons of ore per lb of explosive; for 
secondary breaking, powder consumption is 1 lb per 4.2 tons of ore. As stope progresses 
upward, the area is increased; pow- 
der drifts are driven alongside open- 
ing to enlarge stope and to induce 
caving. Grizzlies below are worked 
actively, so that ore broken by 
powder-drift blasts will fall consider- 
able distance and break further by 
impact on ore pile. Mining con- 
tinues thus until back attains such 
height and area that caving without 
blasting begins (Fig 464 D). Table 
44 summarizes costs for 1928. Of 
total cost, development accounted 
for 20.6%, and mining, 79.4%. 

Alaska Gastineau mine, Juneau, 

Alaska. Operations ceased in 1921 
Data, relating to former mining, from 
G. T. Jackson in 1920 (530). Orebody is 
an extension of the adjoining Alaska 
Juneau, described above The ore bands 
are in schist as well as m slate and 
mctagabbro, near a contact with green- 
stone. There is a well marked shear 
zone along footwall, particularly m 
slate Dip, about 60 °. General plvn. 

Mining was by large shrinkage stopes 
separated by permanent rib pillars. 

Stopes were first undercut In schist 
areas, ordinary flat-back shrinkage 
stopes were carried all ore broken by 
drilling and blasting. In slate areas, 
narrow flat-back stopes were carried up 
the footwall and across ends of stope, 
rest of the back caved by its own weight. 

P. R. Bradley (508) states that the 
method assumed continuous and uni- 
form ore bands and that caving could 
be confined to a single band. Neither 
assumption was correct, and the com- 
bined effect of irregularly distributed 
values and dilution from waste pro- 
duced ore too low in grade to mill 
profitably. Development From a vert 
shaft there was an adit liaulage tunnel about 2 miles long Level interval, 200 ft; there were 2 main 
ore pas.ses in footwall connecting w'lth the adit Fig 466 shows the development for opening a stope; 
manway rai.ses R, cross-sec 5 by 8 ft, were in the footwall opposite center lines of rib-pillars: short 
drifts 1), driven to the pillar lines, gave access later to the stopes Main levels were in footwall: chute 
raises, 35 ft apart Bulldozing chambers were reached through small vert raises and crosscuts indi- 
cated by dotted lines at H these openings were half-way between 2 chute raises and connected to 
bulldozing chambers by short drifts. Tops of chute raises were connected on footwall by small raises 
run upward at 40°. Some chute raises, continued across the orebody on a 40° angle, were points of 
attack for cutting out the stopes, they w’cre sampled to determine stope width, A small raise was 
driven at each end of stope to connect with first breakthrough from manway raise. Stopes m slate 
were 200 300 ft long, m schist, to 40(1 ft, rib pillars, 40 ft thick; width of stopes, 40-120 ft. Cut- 
ting-out stope was about 7 ft high In slate, stope floor was cut out about 20 ft narrower than w'idth 
of ore shown by assays in the raises, machine.s started at each end of stope and took a cut 7 ft high 
by 12 ft wide along footw'all (Fig 466) ; then the same size cut w’as taken across each end of stope. 
These cuts weakened the ore so that it began to cave ov’er the rest of the back Men wmrked in the 
footwall cut while caving went on. very few accidents from falls of ground occuned. Successive 
cuts w'ere taken until the back was 40-50 ft below a worked-out stope above, then work ceased and 
the stope caved through to level above In schist, ore did not cave readily or caved in blocks too 
large to handle Slices about 7 ft high were blasted from the back, starting at footwall and working 
toward hanging. Backs w'ere safe to work under if care was taken to keep them perpendicular to dip. 
About 125 tons of oie were broken per machine-shift m slate and 45 tons in schist; costs for labor, 
explosives, supplies, and general expense in slate stopes were about half those m schist. Aver costs 

per ton) for 1915-1918, inclusive, during which period about 6 500 000 tons were delivered to mill 
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were: ore breaking, 16.17; buUdoaing, 7.46; tramming, 6.66; ore ways and obutea, 1.01; ore trans* 
portation, 3.56; preparing stopes, 8.0; development, 5.0, total, 47.86^. 

Limeatone quaineg. For application of shrinkage stoping underground, see Bib (562, 563). 


FootwaH cut advancing 


^Ore ready to cave 
behind footwalt cut 


C&vrng of orebody at right angies 
to stratification takes place 
following cut along 
footwall and pillars ^ 



Suceessive cuts along 
footwall and pillars 


Tramming levd-^ 


Fig 466. Alaska Gastineau Mine (530) 


69. SUMMARY, SHRINKAGE STOPES 

Limitations. Application of shrinkage methods is limited by their rigid requirements 
as to dip, shape, strength, and character of oiebody and its walls. These are desirable 
methods, because simple, requiring httle timber and practically no shoveling in stopes, 
features which tend towards low costs. Under proper conditions, shrinkage stopes may 
be used in either narrow or wide veins; as au.xiliaries to other methods they are also used in 
large, massive orebodies (Art 83-88). In some districts in Canada, as Kirkland Lake, 
Porcupine, and Sudbury, there has been a recent tendency to change from shrinkage to 
more selective forms of mining, involving higher costs per ton, but possibly lower costs 
per unit of metal produced. Statements in Art 69 concern only shrinkage stopes without 
chutes (ore-passes) ; their application to those with chutes is obvious if read in connection 
with the limitations of that form of stope (Art 67). Following discussion is based largely 
on a summary by H. C. Hoover (20). 

Requirements for successful application of shrinkage methods: (a) Dip of stoiie walls 
should generally exceed 60®, for ore to settle freely; tendency of broken ore to draw down 
first on hanging-wall side decreases as dip steepens, (h) Orebody should be regular in 
shape, otherwise loose ore will lodge on footwall. Empty or partly drawn stopes aie often 
too dangerous for shovelers to enter. Walls of narrow stopes may be timbered during 
drawing (Art 67), but this is costly and suggests possibility of using open stulled stopes 
(Art 38, 39). Irregular oreshoots are difficult to mine in shrinkage stopes, even if in 
steep-dipping veins with regular walls; sudden flattening of a shoot necessitates either a 
sub-level or else long chute-raises through unpayable ground (see Coniagas mine. Fig 436, 
Art 68). Regular and fairly continuous orebodies are essential, because shrinkage stoping 
must be carried on considerably in advance of output requirements, (c) In overhand 
shrinkage stopes, ore should be strong enough to stand over back of stope, occasional slabs 
being stulled. Possible width of stope in a given orebody may l>e increased by working 
underhand, as in Beatson method or at Alaska Juneau (Art 68), where miners do not work 
in stopes after finishing undercutting. Conversely, weaker ores may V>e mined in stopes 
of given width by underhand than by overhand. But consistently weak ore cannot be 
mined in shrinkage stopes. (d) Ideally, the ore should be of uniform value; at least 
payable throughout. Except in narrow stopes, patches of waste can not be loft unbroken, 
and sorting in stopes is rarely feasibly (note exceptional conditions at Cobalt, and at 
Kennecott mines, Art 68). (e) Walls i^ould stand without crushing or spalling off into 

the broken ore when stopes are drawn. Friction between ore and walls during drawing 
increases any natural tendency of walls to slab off; the hanging wall es^^ecially should be 
strong. (/) Prospecting openings can not be run in the walls of shrinkage stopes, hence 
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limits of orebody should be well defined, (g) Physical or mineralogical peculiarities of ore 
may prohibit shrinkage stoping, for example: Some broken ores tend to “pack'^ in stopes, 
and must be blasted out; ordinarily this occurs only when stopes are left undrawn for a 
considerable time; frequent drawing prevents packing. Packing may be due to pressure 
or to cementing action of mine waters on pyritic ores; it may be controlled if size of stopes 
and plan of work can be regulated for drawing stopes promptly. Pyritic ores may oxidize 
so rapidly that heating occurs in shrinkage stopes; danger of fire may preclude use of 
shrinkage in such cases. More often, oxidation is less rapid, but may affect recovery in 
flotation process. 

Advantages of shrinkage stopes: (a) Cost of development is usually low. (b) No 
shoveling or tramming is required in working space at top of stope; if ore can be drawn 
through chute-gates, there is no shovehng (see Art 67 for conditions justifying shoveling 
in drawing off ore), (c) Little timber is used; staging for miners and shoveling plats 
are unnecessary; timber for manways is recovered when stope is drawm. (d) Ventilation 
can usually be maintained at little expense, (e) Compared with filled stopes, shrinkage 
stopes sometimes wholly save cost of filling; filling an empty stope in one operation is 
always cheaper than contemporaneous filling. Shrinkage stopes avoid loss of fines in 
filling, and cost of ore-passes, and of shoveling ore to them. (/) In narrow veins, shrinkage 
stopes compete with stulled stopes (Art 38, 39), and are preferable for wide veins and 
heavy walls. They fuinish firm working floor for miners; timber staging may reduce 
effic by causing feeling of insecurity. (See Art 43 for comparison with sub-level stoping.) 
(g) Shrinkage stopes afford large reserve of broken ore, but see disadvantage (d) below. 

Disadvantages of shrinkage stopes: (a) If chute-gates are used, fine breaking is 
requiied; some large pieces may 1x5 buried in broken ore, and make trouble in chute-raises 
and gates. For alternative mode of dealing with this problem see Arrangements for 
protecting levels, Art 67. (b) Some spalling of waste from walls into ore always occurs; 

a given amount reduces aver value of broken ore more in narrow than in wide stopes. 
Much ore is lost if walls crush, (c) Ore can not be selected from different stope faces, 
for maintaining a uniform grade, (d) Oi'e left m stopes until they are finished ties up a 
considerable investment for labor, explosives, etc, to break it, and added working capital 
is necessary. At a given mine, tonnage of broken ore eventually reaches a fairly constant 
max. Interest on money required to break this tonnage is an operating charge against 
shrinkage methods; it represents cost of utilizing broken ore for support. H. C. Hoover 
cites an example where, on 250 000 tons annual production, the interest (5%) on capital 
represented by broken ore amounts to 7^ per ton treated (20). A large reserve of broken 
ore is advantageous in insuring a regular output; but, only the ore in completed stopes is 
available for this purpose. In the few Lake Superior iron mines using shrinkage stopes, 
this storage feature may 1x3 availed of to save cost of stock-piling and reloading 60%-70% 
of the ore mined while navigation i.s clo.sed. (e) Shrinkage systems are not flexible. 
When once started, they aie difficult to alter, owing to lack of frequent raises; especially 
true if filling is the only alternative. Change of method may be required by change in 
dip, or in character of ore or walls in depth. (/) tValls of shrinkage stopes, unless very 
strong, can be re-atoped for lower-grade ore only when stopes are filled promptly and 
filling is left undisturbed; walls often crush when filling is drawn for use in lower stopes. 


CAVING METHODS 


Caving methods, strictly, are those in which ore is first undercut and then broken 
down by its own weight, or by weight of overlying rock, or by a combination of both. 
But, as a result of custom, operations involving caving of the material overlying an ore- 
body, as a systematic and essential part of the work, are also classed as caving methods, 
though practically all the ore is broken by drilling and blasting. Three distinct methods, 
SUB-I.EVEI. CAVING, BLOCK-CAVING, and TOP-SLICING, result from this classification, each 
having many modifications. For comparison, see Art 82 and 83 

70. TOP-SLICING 

General. Top-slicing practice in the U S was developed from the “North of England 
Caving Method,” used in certain English iron mines. Term top-slicing is sometimes 
erroneously applied (270) to sub-level caving (Art 75). Descriptive terms “Top- 
slicing and Cover-caving” and “Top-slicing and Partial Ore-caving” (286) have been 
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proposed to describe the two methods accurately, but have not been generally used. Top 
slicing method is also called simply “Slicing.’* 

Field of use is in wide veins, masses, or thick beds of weak ore, where clean mining anc 
high extraction are desired and where the overlying surface need not be supported; for iti 
limitations and conditions, see Art 74. 

General plan. Ore is mined in horiz floors or slices, taken in descending order fron 
top of the deposit. Each floor is mined in small sections, the roof of each being allowed oi 
forced to cave before an adjacent one is attacked. Work on each floor retreats from limiti 
of ore toward points of entry; all ore is broken by blasting. The principle is illustrated b] 



HORIZ SEC WV 



VERT LONGIT SEC PQ VERT CROSS-SEC XY 


Fig 467. Top-slicing, Lake Angeline Mine, Mich 

Fig 467, showing top-slicing at Lake Angeline mine, Mich, 1894; J. P. Channing describe 
it as follows (287) . 

Ore was soft hematite, averaging about 75 ft wide and overlain by glacial drift. First level wi 
opened 75 ft below top of orebody by driving a drift D about midway between walls; 2-compartmen 
cribbed raises R were put up to the overburden at 100-ft intervals From top of each raise a 7 by 8- 
drift A was driven 60 ft each way, meeting caved ground, as shown, or a drift from the next raia 
Drifts were timbered with 3-piece sets and were advanced by spiling, where necessary, as under loof 
overburden at top of deposit. Shcing began by driving 7 by 8-ft crosscuts C to the walls, at poin 
half-way between raises or at ends of drifts alongside caved ground, as shown. Crosscuts were tin 
bered with 3-piece sets of 6 to 10-in round timber, spaced 2 to 4 ft apart. Ore was shoveled into ca 
holding 1 600 lb and trammed to chute compartment of raise. When a crosscut was finished, i 
floor was covered with split lagging F, laid close together on 3 8-in round stringers. The crosscut se 
were then blasted down, allowing overburden to drop. Contiguous crosscuts were driven and cav( 
in succession, working back toward each raise until a slice 8 or 9 ft high had been removed from tc 
of orebody. Other slices of same height were successively mined below the first. After taking sever 
slices, the work assumed the form shown by Fig 467 A mass of twnsted timber M, the mat, collec 
at the top. Its thickness increasing as work descends. The mat forms an artificial roof between o 
and overburden; its subsidence may be controlled and it is easily picked up on timbers of the sli 
below it. Slicing usually begins on a new floor as soon as it will not interfere with work on floi 
above, and before the latter is finished; this maintains steady output Simultaneous work ( 
several floors is shown in Fig 489 and 491, Art 72. Openings like drifts (A, Fig 467), driven on ea< 
floor as a preliminary to actual slicing, are called sub-levels. They are designated by numbe 
No 1 being highest on each lift Term slice means a horiz layer of the orebody; also an openii 
driven for removing blocks of ore outlined by sub-level development. Thus, crosscuts C, Fig 46 
are slices; exact meaning of the word depends upon the context. 

Modifications. All top-slicing resembles in general Fig 467, but details vary widely 
different orebodies. Variations in timbering of slices give rise to terms drift-blioin 
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PROP-suciNO, and square-set slicing, denoting work in which slices are timbered with 
drift-sets, stulls, and square-sets respectively. Drift-slices may be driven 2 or 3 sets wide, 
or square-set slices may be 2 sets wide and 2-4 sets high, if conditions allow. Such excava- 
tions are called rooms, this work being sometimes termed “top-slicing by rooms” to dis- 
tinguish it from “top-slicing by drifts” (or crosscuts), as in Fig 467 (286). Other modi- 
fications are to secure cheaper loading; thus, effic use of mechanical loaders (usually 
scrapers) in slices modifies the layout of raises and slices. In some cases, slices are made 
with sloping floors, for loading by gravity; called inclined top-slicing (Art 73). Art 
71-73 show details of modifications of top-slicing. 

Development. Entry. Shafts must be located where they will not be affected 
by caving. If the position of property lines compels sinking in ground overlying the ore- 
body, pillars of ore must be left for shaft protection, and these are not minable unless 
they can be reached from adjoining property. On Mesabi Range, Minn, auxiliary shafts 
for handling timber are sunk at points over the orebody, the shaft pillars being mined last; 
even then, much ore may be lost through wearing away of the outside of pillars as the 
mat descends around them. Level interval. Table 45 summarizes practice at mines 
described in Art 71-73 ; levels are usually 50 to 100 ft apart. The intervals must be smaller 
in wide deposits and in heavy soft ore than in narrow orebodies or stronger ore. In 
most ores soft enough for top-slicing the maintenance cost for levels and raises is an 
appreciable expense tending toward a small level interval; cost of hoisting slice timbers 
in raises also increases with height of lift. In some districts, a balance is struck between 
these costs and that of driving and equipping haulage levels, as follows: Levels for 
mechanical haulage are spaced 100 to 300 ft apart vertically, or, where conditions allow, 
only one such level is driven at bottom of deposit. Intermediate hand-tramming levels 
are then opened as required, 35 to 50 ft apart vertically; they are often connected wdth a 
shaft in the country rock, through which timbers are lowered. Lateral development. 
Levels may consist of a single drift (Fig 467), but in orebodies of large horiz section a 
rectangular system of drifts and crosscuts is often driven, arranged to allow proper spacing 
of raises for handling ore from slices. Layout of intermediate levels, w*here used, follows 
the latter plan, tramming distances being then determined by location of raises con- 
necting with main level, even in wide orebodies short trams can be secured with relatively 
few raises put up from a haulage level consisting of 1 or 2 drifts (Fig 491) ; similar factors 
determine the most effic layout wdiere loading in slices is done with scrapers (Fig 486). 
Raises should be so located as to strike an economic balance between cost of handling 
ore in slices and cost of development; close spacing cheapens the former but increases 
the latter. Table 45 indicates that the commonest raise interval is 50 ft, but this does 
not indicate the distance that ore is trammed or “slushed,” or scraped and trammed 
in slices, unless taken in connection w'lth area of orebody and design of raises. Raises 
often provide the only means of entrance and of handling timber to slices, and then must 
have 2 compartments. Si b-levels. Where slices are 11-12 ft high or more and ore is 
strong enough, sub-levels may be driven as untimbered drifts, say 6 ft high, instead of 
full height of slice, as in Fig 4G7. This increases speed of sub-level development; the 
sub-level is then enlarged at entrance of each slice, just before starting the latter. Usually 
sub-levels opened long before they are needed are costly to maintain, as caving of the mat 
on the overlying slice throws great pressure upon them. See Fig 489 for one method 
allowing simultaneous woik on several floors, wuthout opening sub-levels until caved 
ground alx)ve has come to rest. Development plans should be as simple as possible. 

Breaking ground in drift-slicing is a form of breast-stoping (Art 30). In high square- 
set slit'es, some ore is broken overhand. For examples, see Fig 475, 477, 478, 490. 

Timbering in slices supports comparatively small areas of mat for only a short time, 
hence light timbers of poor grade are adequate; to cheapen costs, round timber is used 
wherever possible. 

Three-piece drift-sets with vert posts and simple framing are most used for slices, 
because : (a) they are generally strong enough ; (5) floors laid without sills are easily picked 
up on the caps in the underlying slice; (c) in working alongside of caved ground, posts of 
sets are lagged along the solid side before the slice is caved, to keep back the gob. Square- 
sets have the same advantages, but require more timber. They are used in ground too 
heavy for drift-sets, or in high slices where single drift-sets would require posts of unman- 
ageable length and superposed drift-sets would not support the side pressure of caved 
ground. Props (vert stulls) are employed w'here floors are laid on sills, the latter taking 
the place of the cap of a drift-set. Props are also used in slicing under rock capping at 
top of an orebody, and under peculiar conditions in Minnesota iron mines (Art 71). 
For light pressures and under a thick mat, “tee-pieces” (i e, stulls Vith head boards of 
two 2 by 12-in plank, 4-5 ft long) form cheap and satisfactory supports for plank floors 
laid without sills (66). See Art 71-73 for details of timbering. 
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Table 45. Top-slicing Details 


Mine or district 

Interval in ft between 

Method 

of 

timbering 

slices 

Height 

of 

slices, 

ft 

Width 

of 

slices, 

ft 

De- 

tails 

in 

Art 

No 

Haul- 

age 

levels 

Inter- 

mediate 

levels 

Raises 

Mesabi Range, thick ore- 








bodies. . . ... 

(a) 

(c) 

50 (i) 

ds (a) 

12-18 

8-10 

71 

Mesabi, thin bodies, Hib- 








bing-Chisholm Dist . . 


in) 

(n) 

ds 

3-18 

10 

; 71 

Utica (hand) 


26 

50 

ds 

11-12 


71 

Caspian 

50-75 (i) 

; in) 

40 

ds 

10 

a 

71 

Menominee Range, Iron 









150 

75 

60-100 

ds 

12.5-14.5 


71 

Marquette Range 

100-125 

in) 

50-65 

ds 

13-14 

9 

71 

Negaanee 

100 

in) 

60 

ds 

11 


71 

Blueberry 

too 

1 (m> 

too 

i ds 

11 

! 9 

71 

Armour No2 



30 

da 

10 


71 

Low Moor 


(n) 

50 

ds 

12 

12 

71 

Morenci 

id) 

50-100 

25-40 

da 

7-15 (e) 

6-10 

72 

Copper Queen 



50 

SQ ik) 

11 

7 

72 

Miami 

’iso’ 

50 ’ 

50 

da & bh 

10 

7-12 

72 

Judge 

200 

i 33 

50 

atr 

7 

3-20 (/) 

72 

United Verde 

150 

(r?) 

35 

pr 

1 1 

35 

72 

Oceanic 

50-70 

in) 

35-40 

pr (h) 

8-10 

15-40 

72 

Calumet & Ana 

100(g) 

' in) 

45 

pr (h) 

8-10.5 

5-6 

73 

Coronado 


55(0 

50 

pr (h) 

II 

10 

73 

Humboldt ... 

55 

(n) 

15 

pr (h) 

10 

10 

1 73 


(a) See Art 71. (6) For parallel slicing, may be greater for radial slicing, (c) Not required 

until thickness of orebody approaches 100 ft, when 1 intermediate may be driven, for greater thick- 
nesses, spacing of intermediates averages 60 ft. (d) See Art 72. (e) Economic height 11 ft. 

(/) Aver 10 ft. (g) Max. (h) Sills are laid under floors and caught up on props in slice below 
(i) Approx. (A;) Sub-gangway method. (1) Or other multiple of 11 ft. (n) Not used, ds « drift 
sets, 3-piece. sq =* square-sets, bh = bulkheads, str ~ stringer sets, pr => props or stulls. 

Note. — Before using this table consult details of W'ork in Art 71-73. 

Floors may be of lagging or plank. Plank is best, because it may be laid with tight 
joints to keep out fine waste ; it is also easier to lay and to block up from below than round 
lagging. Usually, one layer of 2 by 10 or 2 by 12 plank, in 10 to 16-ft lengths, makes a 
good floor; double layers may be needed in a few slices at top of orebody, on Mesabi 
Range, single layers of ^/s-in resawed or 1-in hardwood boards have been found adequate, 
wire fencing laid on poles is now in common use (see Art 71). 

Sills under plank floors are generally omitted in horiz slices, but are used in inclined slicing. Art 
73. On the Mesabi, 3-in poles 8-16 ft long are sometimes laid 1-2 ft apart to help support the boards 
when they become the back of the shce below. To avoid breakage, the plank should lie directly on 
ore, hence sills must either be sunk in the floor or embedded in a layer of broken ore supporting the 
plank. Cutting grooves for sills is slow and costly, and, as it is practically impossible to have slices on 
successive sub-levels directly under one another, there may be trouble in picking up sills from below. 
Sills allow use of props instead of drift-sets in slices, but this is not a compensating advantage, as Jt 
saves little timber. Occasional omission of floors on certain sub-levels is possible only under a thick 
mat, and is not feasible in high-grade ore. It was successful at Miami; at Cananea it increased costs 
in spite of saving timber. 

Handling timber. In top-slicing, as in Fig 467, all timber for slices must be hoisted 
up the ladderways of raises; column-mounted, air-operated hoists (tuggers) may be used; 
where scrapers are used for moving ore, scraper hoists often serve also for hoisting timber. 
See Mesabi practice and that of Iron River Distr, Menominee Range (Art 71) for modes 
of arranging work so that timbers may be dropped to sub-levels. 

Blasting down timbers in slices to force mat to cave is done by simultaneous firing of 
small charges of dynamite in holes bored in the posts. Holes are usually near the middle 
of posits, and are 4 to 6 in deep; in large-scale work, much time can be saved by having 
1 or 2 men bore all holes with air-driven augers. Half a stick of dynamite or less is used per 
post; it is often unnecessary to blast all the posts m a slice. 

8ome engineers hold that mat settles in better shape if the supporting timbers are allowed to 
fail by pressure than if they are blasted down; some blasting is almost always required. Top-slicing 
is possible only when the mat oaves promptly and rests solidly on top of slice; this condition is apt 
to be met when posts in slices are shot down. For handling small areas of mat which “hang up,“ see 
Morenci-Metcalf district. Art 72. 
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Recovery of timber is rarely attempted in top-siieini;, largely because cheap timber is used, which 
will not stand removal and reuse. But^ possibilities oi salvage are indicated by following statement 
from P. B. Scotland, Gen Supt Ariz Copper Co, Morenci, in 1914, 

“In mining coal by long wall method (Art 108), 25 to 60% of the stulla supporting the roof are 
recovered. When mat becomes thicker in our top-slice stopes, a similar saving might be made. At 
present, the mat is often pienetrated and broken by vertical stulls, which would not occur if they 
were remove<i. In longwall working, it is . . more economical to timber closely and make large 
recovery of stulls than to reduce the number of supports and lose all of them.” 

Height of slices, (a) Height of drift-slices and of those where sills of the floor above 
are picked up on stulls is limited by max length of post that can be handled; this is de- 
termined partly by size of openings through which timbers must pass and partly by com- 
parative costs of handling and erecting timbers of different lengths. Usual height of 
drift-slices is 10 to 12 ft (Table 45), which represents an economic mean of all the factors. 
Art 71 gives examples of high drift- and prop-slices, and reasons for their use. (6) In very 
heavy ground, height of slice is generally reduced to avoid need for heavier posts, which 
cost more to handle and often more per bd ft than the 6 to 10-in diam commonly used. 
Long posts also tend to fail by “swinging” under heavy pressure, (c) Mode of timbering 
influences possible height of slices. Square-set slices may be several floors high; slices 
17 to 20 ft high are sometimes timbered with 2 superposed tiers of drift-sets. Lateral 
pressure from caved ground limits use and height of such slices (278). (d) Higher slices 

are possible under a thick strong mat than under a poor one. Low sbces are often taken 
at top of orebody until mat is well formed, then the height is increased to its economic 
maximum, (e) Character of ore may limit height of slice. At Miami (Art 72), ore 
sloughed off the top of faces higher than 10 ft faster than it could be mucked out and the 
bottom shot; this caused mat to cave prematurely (285). (/) Height of slices should be the 
economic max, to reduce the number of sub-levels and amount of flooring timber. 

Hand loading. In horiz top-slicing, all ore broken in slices is shoveled. This is a 
disadvantage of the method and shoveling plats should be used. Ore is shoveled direct to 
raises or into barrows or small cars. Direct shoveling is cheapest, but requires raises 
spaced 25-30 ft apart throughout the oiebody. Factors involved in choice between 
barrows and cars, for transport to raises, arc illustrated by the following extreme examples; 

At Bingham, Utah, ground was very heavy, slices were narrow and timbers required 
much reinforcement. Barrow's holding 350 lb were used on sub-levels. 1 000-lb cars were 
found unsatisfactory; they could not make the short turns required, nor reach far corners 
of stopes, nor pass distorted timbers in narrow runways. It was found that leads for 
barrow work should not exc(‘od 75 ft (06). Before the general use of radial slicing and 
scrapers on Mosabi llaugo, Minn (\rt 71), ore was handled m cars at much lower cost 
than in barrows; sub-levels were straight and usually stood without timbering; slices 
w'ere wide and laid out systematically; tramming distances on sub-levels reached 300 ft. 

Mechanical loading (See 27). Scrapers or other mechanical loaders usually reduce 
cost of handling ore broken in slices. Scraping is usually called slushinq in Lake 
Superior district when done with a single-dnun hoist. Ore may be scraped directly into 
raises (Fig 481), or up a slide into cars for tramming to raises (Fig 409), or there may be 
2 scraping operations- (a) to get the ore out of the slice; (6) to scrape it to a raise (see 
Coppei Queen mine, Art 72; Utica Extension mme, Art 71). In Lake Superior iron dis- 
tricts, oio in slic<'8 is iiow’ handled almost entirely by scrapers with double-drum hoists. 

Gravity loading. In high square-set slices, ore from upper floors is handled through 
chute-gates (P^ig 479). In inclined top-slicing methods (Art 73) the floors of slices are 
driven on an upward slope of 30°~33°; causing bioken ore to slide out of the slice into 
fuiineled chute raises, or into a nai row' square-set or shrinkage stope opened as part of the 
development preparatory to slicing. 

Ore-storage. Chute-compartments of raises provide for this, -w'hich aids in maintain- 
ing steady output. Storage capac decreases as slicing approaches a level. Close coopera- 
tion betw-een miners and trammers on levels is then necessary to avoid delays. “Hanging 
chutes” sometimes provide storage, while slicing on lowest sub-level of a lift (Art 90). 

Sorting. Waste unavoidably broken is throwm back and becomes a part of the mat; 
top-slicing is not adapted to ores requiring systematic underground sorting. 

Formation of mat. Slicing may begin directly at the top of orebodies overlain by 
SOFT GROUND, Using spiling, w'here necessary, to advance sub-levels or shces. In heavy 
ground, this work is slow and costly, and causes unavoidable mixture of ore and waste. 
An alternative, which may be cheaper in spite of the ore sacrificed, is to start slicing 5 or 
10 ft >>elow top of orebody. Pillars thus left cave on the floors in highest sub-level, and 
aid in holding back fine waste during first stages of work. 

Top-slicing is used also for mining orebodies ox'erlain by a rock capping; contacts 
between ore and capping are often irregular. It is then essential that the capping shall 
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cave and not hang up over large areas, which may give way suddenly with disastrous 
results; a flat surface under which to begin slicing is also necessary. Hence, irregular 
tops of orebodies are usually mined as open square-set stopes (Art 45). Following are 
examples of practice (see also Mesabi square-set slicing. Art 71). 

At Detroit Copper Co’s mines, Morenci, Ariz (Art 72), tops of highest raises were con- 
nected by drifts and crosscuts, from which an open square-set stope, usually 10 to 20 ft 
high, was carried to capping. Stringers of ore extending into capping were followed by 
raises, which also weakened the back. Stope floor was covered with 2 layers of 2-in 
plank, at right-angles to each other. Deep uppers were drilled at short intervals in 
back of stope; holes were also drilled in posts of square-sets; all holes blasted simul- 
taneously (279). 

At Ariz Copper Co’s mines, tops of orebodies were mined by open stopes, square-set 
stopes, or sub-level caving (Art 75) . A double floor of 2-in plank was laid ; overburden was 
caved either to surface or sufficiently high to make it safe to work under the mat (178). 

At Cananea, Mex, tops of orebodies were mined with square-sets. Flooring was of 
2-in plank laid on 5 by lO-in sills, 10 ft long. Capping sometimes stood long enough to 
allow salvage of some timber. When capping hung up, sets were not blasted down, but 
filled with waste to form a cushion above the mat on which large slabs might fall without 
endangering work in slices below (282) . 

In this work a continuous square-set stope over whole area of orebody is unnecessary. 
As 1 or 2 floors of caved sets sufficiently protect the slices, stopes of this height are opened 
at different elevations in different parts of the deposit, as requiied by irregularities in 
lower surface of capping. This avoids high square-set stopes of large area, and does not 
interfere with slicing. Where contact between ore and capping is regular, simpler methods 
of starting a mat are feasible. If capping is very soft, slicing begins at top of orebody, 
usually with double floors in first few sub-levels to build up mat quickly. In harder 
ground, a breast stope 8 or 10 ft high is carried across top of deposit, with stiills and head- 
boards to support the back. After laying a floor, the timbers are shot down. Foregoing 
operations are also preliminary to other caving methods in which weight of caved ground 
above the workings is an essential. 

Ventilation is generally poor in top-slicing unless fans are used. Slices often form 
“dead ends”; decaying timbers in mat give off heat and some CO. For example of arti- 
ficial ventilation, see Miami, Art 72, where the installation of blowers caused marked 
increase in effic of labor (285). 

Percentage extraction by top-slicing is high; usually only 5-10% of total ore is lost. 
Further details are given in Art 71-73. 


71. TOP-SLICING IN IRON MINES 

Mesabi Range, Minn, thicker deposits. In essentials, the following data on top-slicing 
(contributed anonymously in 1938 by one of the Mesabi mining companies) apply to, and 
are typical of, any underground mine on the Mesabi Range, wffien the oiebody is thicker 
than can be mined by one slice. Dulling and blasting are done in timbeied slice-drifts, 
extending to the predetermined limit of the orebody, and retreating toward main haulage 
drifts. 

Conditions affecting choice of method. Orebodies of the Mesabi Range are flat-lying 
deposits in shallow troughs, of great lateral extent as compared to depth; usually overlain 
by slate, taconite (ferruginous chert) and glacial drift, in places, by glacial drift alone. 
The orebodies are generally less than 200 ft thick, max 400 ft. Overburden varies from a 
few ft to over 300 ft. Underground mining is adopted when open-pit methods are not 
physically or economically applicable. Such factors as form and dip of orebodies, varia- 
tions in strength of ore and wall rock with depth, and structural irregularities, as faults, 
slips, fissures and fracture zones, have little influence in the choice of mining methods, 
as they are of minor importance on the Mesabi Range. 

Main development. Shaft location. When the size, shape, and depth of an ore- 
body to be mined underground has been determined, the shaft is located in rock near 
deepest part of orebody, so that as much ore as possible will be tributary to it, and the 
deposit will be completely drained by it. Shaft pillars in ore are avoided; possible dis- 
turbance by subsidence receives careful attention. On surface, consideration must be 
given to topography, adequate space for plant, timber storage, stockpile ground, railway 
connections; also to adjoining operations, present or future. Main haulage level. 
In many Mesabi Range mines, it is possible to develop the mine with only 1 main haulage 
level, which is located in ore, on or near the bottom rock. If the tonnage is large and a 
long life assured, economy of upkeep and repairs favors the driving of main drifts in the 
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bottom rock If the orebody is 100 ft or more thick, 1 or more tramming levels are driven 
to avoid choking of ore m long chutes, and facilitate movement of timber and supphes 
The plan of the main level conforms with the shape of orebody and contour of bottom rock 
A system of parallel drifts in direction of the long axis of the orebody, connected at mtervals 
by cross drifts, is desirable because it promotes ventilation, more rapid drainage, permits 
a greater number of chutes, and the routing of traffic m one direction The mam haulage 
drifts are usually 8 by 8 ft (inside) if timbered, or 9 ft wide and 8 ft high m rock In 
timbered drifts, sets are 5 ft c-c, the back lagged with round 3~6-m timber, sides are lagged 
when necessarv These diifts are generally on a 0 5% grade, in favor of load 

Sub-level development The top sub-level is located to provide a height of ore of 
12-14 ft alx>ve its floor Vert cribbed raises, 6 by 5 ft if to serve as chutes, are driven 
on one side of mam haulage 
drifts, are usually 50 ft apart, 
and are carried to top of the 
ore From these raises, 8 by 
8-ft crosscuts, usually timbered, 
are driven at right-angles to 
main-level drifts, at the elov of 
the sub-level, until the extreme 
edge of the orebody or property 
lino IS reached If the bottom 
rock IS encountered, the diifts 
are continued at a higher elev, 
involving a tiansfer of ore from 
beyond the rise At inter\ als, 
the sub-level drifts are con- 
nected by crosscuts, for ven- 
tilation 

Mimng by parallel slicing. 

Slice-drifts are started at the 
far end of each crosscut from 
the chutes, by blasting out the 
full height of oio and electing 
an “opening” 3-pie(0 set of 
timber (No 1, Fig 468) Caps 
arc lengthwise of the crosscut, 
and the slice-drifts are driven 
at right-angles Set No 2 is 
next placed as opening set for 
the second slice Sets 3-9, on 
approx 6-ft centers, are then 
mined, the breast of the slico- 
diift now licing within 2 sets of 
the corresponding sub-level 
diift to be drnen fiorn the ad- 
joining ciosscut Sets 10-1 P, 
and 17-20 are then removed, 
m order The loom thus opened ^'8 <68 Details of Top-slieing, Mcsabi Range, Minn 
IS now 2 sets wude and, if undei 

a loose back, it caiiies consideiable weight If so, poles are laid on the floor in 
longit rows at 24-in centers, and covered with 42-in diamond-mesh wire fencing Sides 
of the rooms next to solid ore are also covered wuth fencing, stapled to the posts The 
inside posts and caps aie then blasted out, allowing the room to fill with waste fiom above 
The fencing prevents intermingling of waste and ore, and piotects the miner when working 
underneath or alongside the caved room If the back is of sand and gravel, as wire 
fencing will not prevent contamination, 3/3- to ^/g-in hardwood boards are used, some- 
times with wire mesh to reinforce the boards This operation is repeated until entire 
sub-level is mined Meantime, the second sub-level, 12-14 ft bclow% is developed so that 
mining can begin there uncler the cave when the work above has retreated far enough to 
mine safely The order of removing the slices, as descrilied, may be varied to meet local 
conditions If the ground above is heavy, the order m the second slice-drift might be 
No 15, 16, 14-11, leaving No 10 to support the entiance until 19 and 20 are removed 
In very heavy ground, a idice-drift is dropped as soon as completed The upper surface of 
the orebody is often very uneven Should the ore extend higher above the sub-level than 
can be mined by 1 slice, a second slice-drift superimposed upon the first is driven, dropping 
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the ore down to the floor of the first (X, Fig 468). Near the boundaries, some ore usually 
remains between the sub-level floor and the bottom rock; as its thickness is not great 
enough for slicing from the sub below, this ore is recovered by stoping up the bottom 
before caving (F, Fig 468). 



Slice Drift 

Fig 469. Slice-drift, Scraper-loading to Car 


Loading and transport. Formerly the ore was loaded by hand shoveling into barrows 
or cars. Now, scrapers are generally used. If distance to chute is great, sub-level cars 
are loaded as in Fig 469; otherwise, the ore is mechanically scraped to chute (Art 91). 

Elec haulage is geneial on main 
levels. 

Mining by radial slicing. The 

adoption of power loaders has 
caused a change, under certain 
conditions, from the usual methods 
of top slicing to “radial” slicing. 
Scraping to cars or chutes with 
single-dium air hoists, as eaily 
practiced in parallel slicing, re- 
quired snatch blocks to turn cor- 
ners, or else the movement of ore 
in 2 or more operations. The fiist 
step towards radial slicing was the 
use of more chutes, 20 33 ft apart 
(Fig 481). This permitted a direct 
pull from the slice-drift at right- 
angles to the chute and fiom drifts 
radiating from cither side; and 
also the blasting of ore in the first 
2 sets directly into the chute. 
With the adoption of double-drum 
elec hoists, returning the scraper 
to the working face mechanically, 
the length of slice-drifts was in- 
creased to as much as 100 ft, 60-70 
ft being common, and close spac- 
ing of chutes bec.ame unnecessary. 
By starting a new slice-drift from 
the side of a completed slice, and 
lengthening the caps as the dis- 
tance from the chute inci eases, a 
fan-shaped area is mined with the 
chute at its apex. Advantages of 
radial over parallel slicing are : (a) 
high production per miner; (6) 
unnecessary to maintain a cross- 
reduced. wear on ropes and snatch-blocks; (d) hoist 
Fig 470 shows successive stages in 
There is no standard 



Fig 470. Radial Slicing, Mesabi Range, showing 
Successive Stages of Removal 


cut for a considerable time; (c) 
operator has full view of scraper most of the time, 
mining by radial slices; Fig 471, 472 show variations in method, 
plan, because after preliminary development the mode of attack depends largely upon 
character of the ground, and weight and movement of the cave above. 
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Timber. Top-slicing requires relatively cheap timber and lagging, such as round 


on. Caps are 8-10 ft long and 10 in min diam; 
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green timber with the bark left 
posts up to 18 ft, 7-m top diam. 

Lagging in main drifts is 6-8 ft 
long, with 3-in top, live tamarack 
being best; in the slices, split cedar 
with 3.5-in min diam. Timber 
consumption per ton of ore depends 
on : the sub-level interval, whether 
bottom and sides of slices are 
covered by boards or wire fencing, 
and height, width, and spacing of 
sets in slice-drifts. Aver consump- 
tion in the mines of one large 
Mesabi company is approx 3.50 
bd ft of round timber and 0.0046 
cord of 6-ft lagging per ton of ore. 

Explosive is a semi-gelatin 45%- 
60% dynamite; consumption is 
about 0.5 lb per ton of ore. Out- 
put PER MAN-SHIFT Underground is 
from 8.25 tons in multi-sub-level 
operations to 13 tons in thin one- 
slice mines. 

Mesabi Range, Minn, thin deposits. Data from J. V. Claypool in 1937 (267) and 
1938 refer to shcing of deposits averaging about 16 ft thick in the Hibbing-Chisholm 

district. Capping is usually a bed- 
ded, ferruginous, slaty paint rock. 
Total overburden is 70-240 ft deep, 
of which glacial drift may compose 
70-100 ft. Nature of capping is 
such that mining becomes danger- 
ous unless done under skilled super- 
vision and in accord with practice 
based on exi>erience. Orebody is 
divided into slicing panels (“pillars”) 
100 ft wide, through the center of 
each of which an 8 by 10- or 10 by 
10-ft timbered drift A (Fig 473), pre- 
ferably at right-angles to haulage 
drift, extends to the ore limit, a dis- 
tance of 400-700 ft. Slicing starts at the outer end and runs 50 ft each way from the entry 
drift, v^lices are 10 ft wide and from 3 ft high on boundaries (“shorelines”) to 18 ft in 
the main orebody. Drift sets are 6 ft 4 in c-c, with round tamarack sprags of 3 to 6-in 


Fig 471. Radial Slicing, Mesabi Range, showing 
Vaiiations in Plan 



Fig 472. 


Radial Slicing, Mesabi Range, showing 
Variations in Plan 



Fig 473. Parallel Slicing, Hibbing-Chisholm Distr, Minn. If 6-c is a shore line, the 2 caps a 
and all posts except those along b-d and d-e are blasted; if 6-c is a face of minable ore, this side 
also is wire-fenced and its posts are not blasted 
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diam. For safety, timbeb used is of good quality. Posts are of green Norway, jack, or 
white pine, with 7-12-in top diam; caps, of same material, are 10-14-in. Caps were 
formerly 8 ft long, but experience show^ that 10-ft caps afford better control of caving. 
Back poles are of live tamarack, 8 and 10 ft long and 3-5 in at small diam. Split lagging, 
of live white-cedar, is 7 ft long, with min diam of 3.5 in. For lagging above the back poles, 
B/g-in hardwood boards are used. When starting slicing in a new “pillar” of solid ground, 
a room 3 slices wide and 100 ft long can usually be opened before the wt warrants blasting 
down. A room should show considerable press before attempting to cave it. When a 
room is ready for caving, its sides and ends next to unmined ore are covered from top to 
bottom with 42-in diamond-mesh fencing. Strips of fencing overlap a little, so that 
openings do not occur when press is exerted b3^ debris following blasting of the timber. 
After a room has been fenced, the inside posts (all except those against solid ore) and the 
caps o of the 2 opening sets in the outermost slice are bored and blasted. Best results 
are when posts and caps of the 2 opening sets, next to the room entrance, are fired first. 
After caving the initial 3-slice room in a given “pillar,” the following rooms are only 
1 slice in width. Wt and diagonal press arc usually troublesome in the second and third 
slice of a group, as the capping is strong enough to hold together until the third slice is 
blasted down; it then shears off and comes down completely. Retreat in one pillar usually 
precedes that in the adjoining pillar by 3 or 4 slices, or more if the back is hard to control. 
Slicing stops at 50 ft from haulage drift, after which the pillars of that drift are similarly 
sliced, retreating towards the shaft. Transfer of ore from the breast into chutes (as required 
when irregular bottom makes a footwall haulage drift desirable), or into cars for transport 
to shaft, is done with power scrapers. Slices are well lighted with 100-w flood lamps, so 
that miners can see the back at all times from a safe distance. Output per man-shift 
underground averages 13 long tons. Explosive, 60% semi-gelatin, 0.5 lb per ton. Timber, 
2,5 bd ft per ton. 

Miscellaneous data on Mesabi practice. Following notes are based on data published in 1912, 
1913, and 1924, by C. E. van llarneveld (35, 482), W. Bayliss, E D McNeil, and J. S. Lutes (275) , 

L. D. Davenport (276), A. L. 
Gerry (277). The descriptions 
apply chiefly to hand loading, 
now largely displaced by power 
scrapers, but are suggestive in 
showing variations in slicing de- 
tails used to meet special con- 
ditions Drift-slicing a.t ed<je 
OR “shore line” of deposit Fig 
474 shows method, 3 by 3-ft tf»t 
raises R were first put up .'>0 ft 
apart, to determine height of ore 
over the sub-level. At where 
ore was about 7 ft high, crosscut 
DE was driven, 7 ft wide and full 
height of ore, first slice EF was 
then taken. Crosscut and slicee 
were timbered with 3-piece sets, 
with 7-ft caps and vert posts of a 
length to suit height of ore Slice 
BF was advanced until ore became 
Fig 474. Starting Slices at Edge of Deposit, Mesabi too thin to work, posUs of last sets 

were usually 24 to 30 in. Other 
slices were driven alongside (see dotted lines). Ore was shoveled or wheeled to a car m crosscut DE. 
As the rock at shore line usually rose at a steep angle, it did not pay to turn the track into the 
slice. For this kind of work, sets are best placed with their caps along the sides of DE, instead of 
across it (Fig 475). Though slicing could have been started directly from the sub-level drift, a dis- 
tinct gain resulted fiom driving a preliminary crosscut, and slicing up the slope of the bottom 
rock; ore came down grade, posts of slice-sets were of about equal length, and the whole layout was 
more flexible. When ground in slices became heavy, the timbers w’ere shot down and new slices 
started alongside; all ground to right of DE was thus mined and caved. 

Square-set slicing. Top of orebody is usually rolling, height of crests frequently reaching 30 or 
40 ft. Square-set slicing has been used in such cases, especially when the area was small. Raises 
could be put up, and another sub-level opened for mining in 2 drift-slices, but this involves costly 
development, difficult ventilation, and delay in ore production Square-set slicing was done in 
rooms 2 or 3 sets wide and 2 to 4 sets high; completed rooms were boarded up and caved as in drift- 
slicing. The method was elastic. Fig 474 shows typical conditions; the roll at Q was 26 ft high, and 
would be sliced from existing sub-level. The change from dnft-slicing would begin w’here ore was about 
17 ft high. The first square-set slice was taken in the solid, leaving 1 set of ore standing between it and 
last caved drift-slice, to insure that the square-sets were in line and at right-angles to sub-level drift. 
This slice* 2 sets high, was timbered as it advanced; the pillar between it and the drift-shoe was then 
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mined, the order of removing sets depending on weight of ground. In succeeding square-set rooms, 
the first slice was taken alongside the cave, the caps connecting with the timbers on wall of previous 
room. Chisholm set (Fig 334, Art 49) illustrates size and type of squarenset used. Fig 476 shows a 
room next to the cave; ground was first excavated for set A, which was firmly blocked; top was 
lagged, except a space 18 in wide across the set, which was covered with 
cross-boards, and served as a chute-gate for loading ore broken above. 

Ground over A was then broken into with a hole as in Fig 477, and exca- 
vation was squared up to take set B\ set C was then raised, broken ore 





VERT SEC EF 

VERT SEC CO 

Fig 475. Breaking Ground in Drift-slicing, Mesabi 



Fig 476 Square-sei 
Slicing, Mesabi 


falling to lagging on set A. Other sets were placed over C until top of ore was reached, back of 
highest set was blocked and lagged, side lagging was rarely necessary. Set D was mined next (Fig 
478); its top was covered with lagging and short boards, but the lagging ran at right-angles to that 



Fig 177 First Hole 
for li Set, I'lg 470 



Fig 478 First Hole for 
D Set, Fig 470 



Fig 479 Chute for Square- 
set SUcing, Mesabi 


on set -1, so that the long dimension of chute opening w'ould be parallel to the track turning from A 
info D Sets E and F were then niitied, from sets H and (' Work was resumed on sill-fioor in set (?, 
and continued until a slice 1 set wide had been mined along the cave side of room, set // and those 
o\er it were taken last Second slice was taken in same way, 
starting with set A' (Fig 470) , giound in sets o\er A', D\ O', 
etc, was attacked from open sets over A, O, G, etc. Track 
was run into the tirst .‘slice onl} , ore from upper sets of second 
slice was handled to cars through rough chute-gates (Fig 
470). Usual length of room.s wa.s ."A 07 ft, which took 7 sets, 
including set m sub-le^el iliift, caps of odd length were ased 
at entis of connecting room.s. Square-set slices rarely exceeded 
4 sets high; if higher, the side pressuie from caved ground 
made it difficult to prevent timbers from swinging. On 
finushing a room, all lagging was dropped to sill-floor, and 
used for boarding up posts along the solid side and end (Fig 
480). In upi>ei sets, posts next to ore wcie boarded with honz 
l-iu boards, and the loom floor covered with the same. Holes 
were then drilled in some of the timbers and charged, en- 
tiance to room w’as boarded up and timbers were shot dowm. 

Rooms might be blasted with or without system, Fig 480 
shows a systematic method, timbers marked by arrows w'ere 
blasted; caps and pasts at A, li, and C were expected to act 
as projis and allow room to cave without disturbing timliera 
against solid ore. JSome foremen shot down posts next to 
cave, 1 or 2 center posts and a few caps, claiming it caused 
better settling and left timlier in better shape for working 
adjacent slice. Some timbers on the ore side of room often 
fell when the cave occurred: they w'cre replaced as ground 
was timbered in taking the slice alongside. 

Prop-slicing. In extensive areas where ore was overlain 
by considerable thickness of firm taconite, slice at top of 
deposit has been taken out w’lth props spaced as required; 
max length of prop, 20 ft. ISome orebodies 5-18 ft thick 
lay between 2 layers of taconite, the roof layer being 40-50 
ft thick, very hard and tough and caving only when a large 
area was mined out. Such ground was developed by a mam haulage road, from which drifts were 
run 60 ft apart to the "shore line"; pillars were then mined m 10-ft slices. Drifts were timbered with 



Fig 480. Boarding-up Rooms and 
Blasting Tiinben, Mesabi Square- 
set Slicing 
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VERTICAL SECTION A-A 

Drift Slicing, Scraper 
(diagrammatic) 


li 


Chute raise 
CO^Tiansjfer scraper hoist 


Timber drift 


3-pieoe sets; slioes, with 10 to IS-in props, placed 3-6 ft apart on cave side of slice. Where height of 

ore exceeded 12 ft, 1 floor of square-eets was elected 
and 2 props were set on each. cap. This form of 
propHBhce is an open, stnlled stope; it gave cheap 
ore and left large rooms which were not caved un- 
less loof required it; the roof came in large blocks 
when it caved. 

Scraping into raises. Early development 
plans, for hand loading into cars, required long 
trams on sub-levela. Better adjustment between 
these and haulage by elec loco or mule on mam 
level was secured by type of development in Fig 
481. At intervals of 50-100 ft along mam drifts, 
crosscuts are driven to reach all ore above by vert 
raises. Raises from crosscuts are 25-35 ft apart, 
and connected by crosscuts on each sub-level. 
In parallel slicing, slices extend both ways from 
raises to lines midway to adjacent sub-level cross- 
cuts Scraper handling has replaced hand loading 
Each raise serves shces 1, 2, 3. Top of raise is 
funneled toward slice 3 (T, Sec Ad, Fig 481), and 
the corners of slice 2 are removed near crosscut 
to allow ore from slice 3 to be scraped into the 
raise. After slice 2 is mined, the raise is funneled 
Loading towards slice 1, as at F. Single-drum hoists were 
formerly used, with 25- to 35-ft hauls to raise. 

With double-drum hoists, shces 50 ft long on each 
wide of raise are common; these hoists, with radial slicing, made close spacing of raises unnecessary 
Adaptation of power scrapers (Sec 27) to development plans, originally laid out for hand load- 
ing, has been done in 2 ways: 

(a) ore is scraped up slides 
at entrances of slices and 
into cars (Fig 469) trammed 
by hand to raises; (6) ore is 
scraped out of slices to the 
entry or “transfer” drift, 
and thence to the raises by 
another scraper. Fig 482 
shows general plan of such 
an installation, where aver 
length of transfer drifts is 
340 ft (268). For further 
details of this installation, 
see Art 91. 

Utica mine. Eastern Me- 
eabi Range. Data from C. E, 
van Bameveld m 1924 (482). 

Orebody was a bed of hema- 
tite. 10-46 ft thick; dip, 
slight; capping, paint rock 
and taconite. Fig 483 shows 
development and illustrates 
difficulty of applying top- 
slicing in thin orebodies with 
flat dip; sec “Requirement 
(/),” Art 74. 

Mine was opened by a 
vert shaft F, placed to cut 
the deepest ore near property 
line. Main level comprised 2 
haulage drifts F, //, con- 
nected at intervals by loops 
L. Drift F followed or cut 
into foot- wall; drift H was 
kept as near hanging wall 
as depth of ore permitted. 

Raises R were 50 ft apart 
along main drifts. Sub-level 
interval, 13 ft; sub-level de- 
velopment comprised a aeries 
of parallel crosscuts from Fig 482. 
the raises, connected by 
timber drifts T (Sec A A, Fig 

483). To meet problem of handling ore to the shaft from top sub-level (52 ft), the 26-ft sub-level 
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Use of Scrapers in Top-slicing, Utica Ext Mine, Mesabi 
Range, Minn 
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was dev sloped as an intermediate motor- 
haulage level, consisting of 2 drifts />, E, 
connected by crosscut X with a transfer chute 
C leading to a shaft pocket on main level. 
Raises B were put up 50 ft apart from drifts 
D, E, and from them crosscuts were driven to 
limits of ore on the 39-ft and 62-ft sub-levels. 
Sub-level .crosscuts were timbered with 6-ft 
posts and 7-ft cape. Development on lower 
sub-levels was not undertaken' far in advance 
of the time when it was needed. Slicing 
began at top of orebody, as indicated at S. 
Drift-slices timbered with 11 to 12-ft posts and 
8-ft caps were run half way to adjoining cross- 
cuts. Entire breast was drilled and blasted 
at one time. Before caving, poles 16 ft long 
were laid lengthwise on floor of shoe and 
covered with boards laid crosswise. In work- 
ing under hanging wall, some areas required 
slices 2 sets high. Timber consumption per 
ton of ore; lumber, 1 413 lin ft; poles, 1 868 
ft; plank, 2 963 ft; lagging, 0 00278 cord. 
Development as in Fig 483 was planned for 
hand-loading; length of slices could have been 
increased for scraper work. Some ore was 
scraped into cars with slip scrapers and single- 
drum hoists, sometimes low headroom under 



Fig 483. Top-slicing, Utica Mine, Minn (diagram- 
matic) 



Plan of 7th Sub Level 


hanging wall interfered with 
free dumping of scraper and 
increased loading time. 

Iron River District, 

Menominee Range. Data 
contributed in 1938 by C. 
D. Bailey, District Engr, 
Pickands Mather & Co. Fig 
484 shows present methods 
of top-slicing. Ore is mas- 
sive hematite; it stands un- 
supported in most sub-level 
drifts and raises, though 
some of the.so and parts of 
the main levels require 
tunbering. Orebodies being 
top-sliced either extend up 
to the overlying sand or 
have weak hanging wall. 
Development. Entry is 
by vert shafts; usually of 3 
compts, for 2 ore skips in 
balance and a man cage. 



Vert SecA-B 

Fig 484 . Top-slicing, Iron River Distr, Menominee Range 


Main haulage levels are 150 
ft apart. When a new level 
is opened, it is customary 
to drive the intermediate 
sub-level (Fig 484) at such 
elev as to halve the length 
of the main raises. The 
suWevel interval is 12.5 ft, 
increased to 14.5 ft when 
possible. Single rai.ses are 
used as ore passes, with 
additional ones for ladder 
rixids, timber ways or 
handling machinery. The 
raises are rarely cribbed. 
Main ore raises are 60- 
100 ft apart. Mining. 
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Where orebodies are wide enough, a “square’* system of slicing is used. The ore is 
dropped down one or more sub-levels through small raises, to a transfer drift where 
it is scraped into a main raise. The slices are parallel and 60-100 ft long. Irregular 
remnants of ore are mined by radial slicing. Slices are timbered with 3-piece hardwood 
sets, of 10-ft posts with 8-10-in caps; 12-ft posts are used where the mining height is 14.5 
ft. Forepoles and lagging are used for holding the back. When a slice is advanced 5 ft, 
floor is covered with 1-in boards 16 ft long, overlapping floor in 2 preceding sections and 
making a triple layer under entire slice. Timber, lagging, and boards are trucked in on the 
abandoned haulage level, and thrown down to the sub-level where they are to be used. Wet 
jackhammers, with 7/g-in hex steel, are used in the harder ground; dry auger machines in 
soft ore. Hoe-type scrapers, operated by double-drum a-c motor hoists, move broken ore 
into the raises. Each power scraper has 2 extension elec light cords, and permanent 
lights are installed in levels and raises. When starting a new place, 2 slices are driven 
before blasting them down, but when slicing alongside a cave, each slice is blasted when 
finished. This is done by shooting each post on the caved side of the slice in 2 places. 
Miners are paid by contract, on basis of number of cars of ore produced, or number of 
feet of development driven; the pay is never less than the district flat rate. Forced 
ventilation is required. In addition, 2-hp a-c fans, with ventubing, are used for each slice. 
The ore is drawn from main ore raises into 3-ton rocker-dump cars, hauled by d-c trolley 
locos to the hoisting shaft. Air gates prevent sticky ore from sliding into the shaft 
after the skip has left the station. Where mam ore raises are wet, ore is scraped from 
bottom of the raise into the cars to minimize the danger from rushes of soft ore and water. 
General operating data (aver for district). Production per miner, 22-25 tons per 
day. Explosive, 0.6 lb per ton; boards, 1.87 bd ft per ton; timber and lagging (variable), 
3.7 lin ft per ton aver. 


Caspian mine, Menominee Range, Mich. Data from W. A. McEachern in 191 1 (288) . Early work 
at this mine is of interest in showing application of top-slicing under difficult conditions. Orcbody 
was massive hematite, overlain by 130 ft of drift containing much water Entry was by vert shafts 


No 2 Shaft 



VERT SEC X Y 


sunk 111 walls. First level was 25 to 30 ft below 
overburden, level interval waa 50 to 76 ft, 
lateral development on each level comprised a 
crosscut from shaft, and a drift along deposit 
from which crosscuts were run to walls at 50-ft 
intervals. Ore at top of deposit could not he 
mined until overlying sand had been drained, 
which was done as follows 48 small raises were 
put up from 1st level tsub-level C, Fig 485), at 
different points. In each raise a 12-ft test hole 
was drilled ahead, then a round of 6-ft holes 
was blasted, 1 round wa.s blasted after teat hole 
reached sand, leaving 5 to 6 ft of ore at top of 
raise, 3 more holes were drilled through this 
pillar to hasten drainage, which took over a 
year. Prior to and during drainage operations, 
production was begun by opening shrinkage 



slopes between 2nd and 3rd levels, ore was 
strong enough to stand in slopes 25 ft wide, 100 
ft long and 50 ft high, with 2r>-ft pillars. Slic- 
ing (Fig 485). (Viblied, 2-coinpartment raises 
li were put up fiom sul>-Ievel (\ about 40 ft 
apart. Sub-level .1 was opened about 5 ft below 
top of ore by drn mg drifts and ciosscuts, as 
show'n on plan of sub-level B. Crosscut E was 
driven to No 2 shaft for ventilation and han- 
dling timber. blocks between crosscuts were 
mined in drift-slices, 8 ft wide by 10 ft lugh, 
retreating from walls toward central drift. No 
attempt was made to recover the 5 ft of ore left 
over sub-level A ; it aided timbers in forming a 
mat to prevent sand from mixing with ore. 
Central drift and crosscut to shaft were kept 
open for transport of timber to the 2 succeed- 


Fig 485. Top-slicing, Caspian Mine, ^licb i^^K sub-levels, by leaving 10-ft pillars on each 


^ side. Lower sub-levels were similarly mined. As 

pillars between shrinkage stopes were sliced, ore was drawn from stopes to let mat settle evenly. 
Method resembles “panel slicing’’ at Morenci (Art 72). Scrapers of reversible hoe type (Sec 27) 
were introduced here in 1922 for loading ore in slices. During last 6 months of 1923, output per 
man-shift scraping averaged 12.63 tons, for 18 826 tons of ore; aver output per man-shift in 
hand-loading 94 900 tons during same period was 7.41 tons (482). 
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Marquette Range, Mich. Data contributed in 1938 by Carl Brewer, Chief Engr, 
Cleveland-Cliffs Iron Co. Orebodies of soft hematite occur generally in flat-dipping (15°) 
troughs; width to 1 000 ft; thickness, 20-50 ft along the edges, to 300 ft in the center; 



Fig 486. Top-slicing in Ncgaimce Distr, Marquette Range, Mich. Typical Plan. Small numbers 
indicate sequence of slices. Hatched areas are caved 

length, 2 000 ft or more. The troughs are of 2 characters: (a) synclines intersected longi- 
tudinally by vert intrusive dikes; (6) V-shapod troughs between nearly vert dikes and 
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jQatter footwaJia. Pootwalls are slate or jasper. Hanging-wall cappings are usually 
a leached ore formation (jasper) which, on caving, breaks jnto gravelly aggregate, requiring 
careful mining to prevent contamination of ore. Development. Entry is by vert 
shafts in footwall, with main levels 100-200 ft apart (usually, 100-125 ft). Orebodies 
are developed by crosscuts X, Fig 486, spaced 150-170 ft apart, driven from a footwall 
drift D, and connected by a similar drift in or near the hanging wall. These crosscuts 
are parallel on all levels, but those on consecutive levels are offset horiz about 30 ft, so 
that the bottoms of raises on a lower level will lie about 30 ft to one side of crosscut on the 
next level above. The orebody is thus divided into blocks, parallel with crosscuts, approx 
150 ft wide, and reaching across the entire deposit. Blocks are mined in steps, beginning 
at hanging wall and working towards footwall. The mining of these blocks is kept not 
more than 2 subs apart in elev. Inclined (65°-70°) 2-compt cribbed raises /2, 4 ft 2 in 
sq inside, are spaced 50-65 ft (usually, 55 ft) along crosscuts for sub-level development. 
Ore compts are lined with 2-in hardwood plank to prevent excessive wear. Position of 
crosscuts and raises provides pillars approx 55 by 150 ft to be mined from each raise on 
each sub-level. Under heavy press, this arrangement is better than a closer spacing of 
raises. Mining. Sub-level interval is 13-14 ft. Blocks are mined by radial slicing, 
advancing in only one direction where possible. First development on a sub-level is to 
make connection between raises for ventilation and safety. Mining on an individual 
sub-level is usually done simultaneously at all raises along any one crosscut. Not more 
than 2 slices are allowed to remain open before being blasted. Before caving the back, 
the floor of each slice is covered with 10-ft poles of 3-in or larger diam, about 1 ft apart 
and nailed to 3 underlying cross-pieces. Under a new hanging, floor poles are laid side 
by side and covered closely with one or more layers of lagging with 4-ft wire fencing on 
top. Where now hanging does not cave readily after blasting the slices, small raises are 
put up at one side, long holes are drilled into the back, and shot to break down enough 
covering for safe mining underneath. Sub-level slices take all ore up to floor poles of the 
overlying sub, which are then blocked above sets of 9-ft caps and legs, 5 ft apart. Legs 
have batter of 2-2.5 in per ft. Sides and back are closely lagged. Miners work in pairs 
on contract basis, usually making 1 complete cycle of drilling, blasting, mucking, and 
timbering in an 8-hr shift, mining 20-30 tons per man-shift The flat footwall causes an 
exceptional amount of main-level drifting and raising in rock, but the method is usually 
preferable, since sub-level transfers are unsatisfactory where excessive wt may cause 
openings to fail before all overlying ore is extracted. All mucking is done with 42-m box 
scrapers, operated by 15- to 25-hp, elec, double-drum hoists. Main-level haulage is 
done with 6- to 10-ton elec locos, pulling 6-8 4-ton rocker-body cats. Excessive wt of 
ground due to raving usually makes it necessary to retimber raises and main-lovcl cross- 
cuts once or tw’ice during their life. At Negaunee mine in 1937, timber consumption 
averaged 1.2 bd ft per ton. 

Blueberry mine, Marquette Range, Mich. Data from R. S. Archibald and L. S. 
Chabot, Jr, in 1935 (269). Hematite ore is a secondary concentration in a brerciatod zone 
of iron-bearing sediments. Aver w'ldth of ore, about 50 ft; length, 2 000 ft. Dip, fiem 
75° to nearly vert. All development openings require timl^ering. Mine is si^rved by a 
6-compt vert shaft in slate footwall; depth, 1 100 ft (1935). Main levels arc 100 ft apait; 

an intermediate sub-level pioved 
unneces.sary and a source of trouble; 
haulage drift, s are in oiebody; diift 
sets hav'c 9-ft caps and posts, latter 
set with battei of 1 in per ft Two- 
corn pt, cribbed raises, 4 ft 4 in 
inside timbers, are at lOO-ft inter- 
vals, closer spacing having proved 
unsuitable. Radial top-slicing is 

Fig 487. Badial Top-slioiag, Blueberry Mine, Mich principal method of mining. 

Miners work on contract; a erevv 
of 2 men do all work in a block. A block extends 50 ft longit on each side of raise and full 
width of ore, making block 100 ft long and about 50 ft wide, in which the longest slice will 
not exceed 1(X) ft. Slices are 1 1 ft high, timbered with lagged sets 6 ft apart; cafis and posts, 
of 8 to 10-in green hardwood, are 9 ft long. Forepoling is used in advancing slices in loose 
ground. Slicing starts from a raise by ciossciitting to one wall. On completing a slice, it is 
floored with 9. 5-ft 3 to 4-in tamarack poles, spiked to cross piec€\s; bottom and solid side are 
then covered with wire netting. Posts are bored and blasted down befon* next slice is 
driven; the ground is too heavy to allow 2 adjoining slices to remain open. Slicing 
proceeds radially from raise (Fig 487). Broken ore is handled to raise by 42-in 
scrapers. 
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Inland Steel Co, Cuyuna Range. In Armour No 2 mine, Crosby, Minn, idle since 1932, 
a deposit of hematite was formerly mined by top-slicing. Development was similar to 
Fig 481; sub-level interval, 10 ft. Crosscuts were spaced 70-ft centers, with raises 30-ft 
centers. As Cuyuna ore is harder than Mesabi, hand-loading was preferred for handling 
broken ore containing much material over 4-in size, elsewhere loading was done with 
single-drum hoist and slip scrapers. In older development, raises were 70 ft apart and 
scrapers were used to load cars trammed to raises. H. T. Middlebrook, in 1938, states 
that most recent practice on Cuyuna Range adopts radial slicing and use of double-drum 
hoists with box scrapers. Aver output per shift per miner working in shces ranges from 
16 to 20 tons. 

Low Moor mines, Va. Data from C. Dixon in 1912 (291). Shallow, veinlike deposits of soft 
brown hematite were top-sliced, irregular and sudden changes in both dip and strike are common. 
Country rocks are soft and cave readily. 

Fig 488 shows work in a deposit about 
12 ft wide. Entry was by shaft in foot- 
wall or by adits. A mam level was 
driven 7 ft high in the clear and 6 ft 
wide at top; timbered with S-piecesets, 

4 ft apart. Lagging was required on 
top of sets and usually on sides. Cribbed, 

2-conipt raises W'erc driven on footwall 
at oO-ft intervals; 1 raise was holed 
through to surface as quickly as pos- 
sible Sub-levels were driven from raises 
at 12-ft intervals , they averaged 1 ft 
less in dimension all around than mam 
level Slicing (locally, robbing) started 
on the top sub-level, when it reached 
the ore limit; back and sides of sub- 
level were shot do^vn and sets with 12-ft 
posts erected. As work retreated, floor 
was covered with 8-ft lagging laid on 
cross-sills of round Umber 12 ft long, 
spaied 4 to 6 ft apart Sets were blasted 
down after a section 50 to 75 ft long had. 
been robbed, then robbing could begm 
at end of next lower sub-level; sills 
were picked up on 12-£t posts in sub- 
level below-. Drilling was done with 
2 25-in piston-dnlls. Sub-levels were 
so crooked that barrows had to be used 
to transport ore to raises This method, 
w Inch extracts about 95' c of orebody, 

18 npeii to the objection that all sub-levels must be driven to boundaries before robbing begins, 
and much retimbenng is necessary for their maintenance. 
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Morenci-Metcalf district, Anz. The properties mentioned here are now owned by the 
Phelps Dodge Corp; the work described slopped about 1923. Data from P. B. Scotland 
(152, 178), J. R. McLean (279), W. L. Tovote (280), and notes by L. Johnson in 1915. 
OREnoniEs, usually carrying 2-4% Cu, are disseminated deposits in porphyry or fissure 
veins in granite. Top-shcing was formerly u.sed for shoots of soft ore, some of them 
very large, thus, the Humboldt orebodios were 80 by 600 ft and 200 by 700 ft in horiz 
sec I)iH.seminatod deposits are overlain by leached porphyry capping; oreshoots rarely 
exceed 300 ft in vert dimension. Development. A haulage-dnft for electric or mule 
haulage was driven near bottom of shoot, intermediate hand-tramming levels were opened 
above as required at vert intervals of 50-100 ft (Fig 491). Raises connecting with main 
Icvi I were spaced to limit tramming distance to 150 ft. Tramming levels consisted of a 
rectangular system of drifts and crosscuts which proved shape of deposit and allowed 
raises to bo spaced over whole area on corners of rectangles iKsually 25 by 30 or 40 ft. 
This might be done by raising at 25-ft intervals along crosscuts 30 ft apart, or, where 
deposit was wide, by parallel drifts 30-40 ft apart with raises along them. Raises had 
a 4 by 4 or 5 by 5-ft chute compartment and 1.5-ft ladderway; they were spaced so that 
ore could be shoveled direct to rhute.s, and alined accurately to obviate necessity for con- 
stant surveying in slices. Inclined slicing was also used (Art 73). 

Slicing. Irrefpilar tops of oreshoots were square-setted (Art 70). Height of sk’cee, 7 to 16 ft; 
economic height, 11 ft. Slices were timbered with 3-piece, unframed sets. Anz Copper Co used round 
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caps and poets, both 10 ft long and 7.5 to 9.5-in diam; Detroit Copper Co used similar posts, with 
an 8 by 8-in cap 6 ft long; slice-sets were about 5 ft apart. Raises at end of oreshoot were connected 
by a crosscut L, timbered with slice-sets (Fig 489). Drifts K, connecting with adjacent raises, might 
be as in Fig 489, or else earned full height of slice and timbered with sets to support mat; they pro- 
vided exits in case of a sudden cave. Ore on right side of L was then mined; the direction of slice- 
drifts here would depend largely on shape and extent of this area. When this work was completed, 
slicing began at left of crosscut L, and was carried to other end of deposit; the face was advanced by 
slicing 6 to 10 ft wide across orebody, as indicated by dotted hnes MN» Sec EF shows appear- 



VERT SEC A u 490. Breaking Ground in 

Fig 489. Top-slicing, Morenci-Metcalf Distr, Ariz Slices, Detroit Copper Co, 

(diagrammatic) Morenci, Ariz 


ance of the work after a slice was well started. Working faces on adjacent sub-levels were usually 
kept at least 50 or 60 ft apart. Details varied widely. 

Fig 490 shows timbering and method of breaking ground at mines of Detroit Copper Co. Nor- 
mally a round of 10 holes, 5 5 to 6 ft deep, broke a block of ore 11 ft high, 6 ft wide, by about 5 ft deep 
All drilling was done with hammer drills Double floors of 2 by 12-in plank were laid on several 
sub-levels near top of orebody; a single floor was sufficient after a good mat was formed Floor- 
plank were 10 to 15 ft long, placed at right-angles to caps of slice-scts. Posts were blasted down as 



Fig 491. Top-slicing, Arizona Copper Co, Morenci, Ariz 


slice advanced, only enough space being kept open for shoveling to raises. Some barrow work was 
necessary in workings arranged as in Fig 489; to avoid this, Anz Copper Co used the following modi- 
fication: When the face had advanced so that direct shoveling was not feasible, miners were trans- 
ferred to the next raises, where a new breast was opened and worked back to old one. This obviated 
barrow work, if raises were spaced so that each served an area not exceeding 25 by 30 ft. If orebody 
widened it was followed into the walls by square-setting, and a mat formed over the new area like 
that at the top of the deposit. Patches of waste were broken, thrown back from breast and left on 
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fioor. If the mat caved close up to breast» a crosscut was driven parallel to the old face and about 
10 ft from it; when the new breast was under way, the 10-ft pillar was shot down and drawn. Should 
mat come down over a large area before floor was laid, or in case it hung up, the succeeding slice 
was started 15 ft below; 7 or 8 ft of this shce was mined and a floor laid; the overlying ore was broken 
with uppers, starting at end of area and retreating towards face of new slice, the broken ore from 
each round was shoveled away until waste appeared. The weight of mat in wide shoots was con- 
trolled by taking each slice in sections (Fig 491) ; slices were 30 to 40 ft wide, tramming levels, 65 ft 
apart. Slicing directly over a tramming level caused crosscuts and drifts there to crush, this was 
avoided by mining ore on and over the level in a slice of double height, timbered with 2 floors of 
square-sets. Following plan was used by Detroit Copper Co: Ends of 2 adjacent crosscuts on tram- 
ming level were connected by a breast stope, timbered with 1 
floor of square-sets, 2-3 seta wide. The back of ore remaining 
over the sets and below the mat was then blasted with long 
uppers, broken ore filled the sets and was shoveled out, allow- 
ing the mat to settle gradually on the set timbers. While one 
section was being shoveled out, another was opened and tim- ^ 
beied; posts of sets in first section were then shot down, 
and the procedure was repeated. Panel slicing. Fig 492 
shows a method devised by Arie Copper Co to eliminate the 
heavy expense of driving and maintaining raises 25 ft apart. 

On each slice a central main drift passed lengthwise through 
the oreshoot, and crosscuts were turned off at 40-ft intervals. 

The mam drift, and crosscuts for 20 ft on each side of it, 
were timbered with 3-piece sets, 6.5 ft high, elsewhere, 

crasscuts were opened to mat abo\e and timbered with slice- ^ V'WA V //^^ * 

sets. Slices 40 ft w'lde were then worked from the walls back X 

toward mam drift, leaving a central pillar 40 ft wide which i Wm MmPwf/MwM 

was sliced back from end of orebody after slices on each side ! '0//^ 

of it w'ere finished. Ore was shoveled into cars and trammed j \ 

to raises spaced at 80-ft intervals along mam drift and con- ' wM 

necting with haulage level below. \\ hile one floor or panel ’ ^ 

was being worked, the next, 11 ft below, was m preparation ; I S 

This system dispensed with need for tramming levels. Corn- ^ I 

Operating data. Ariz Copper Co. P. B. Scotland states ^ 
that timber consumption in top-slicing, including chutes, hauU«* Urd 

ladders and reinforcements, w'ns about 9 bd ft per ton of ore; > vert secw v 

most of it was round Texas pine and squared Oregon fir, but Pig 492 Panel Slicing, Arizona 


much cheap cull lumber was also iu»cd m top-slicmg (178). Copper Co (faces under attack 
Detroit Copper Co. J. R. Mcl^an gives following data for shown thus “") 

.Jan, 1914 (279): 124 088 bd ft of round and 322 661 bd ft of 

square timber were ased. Table 46 shows details Figures in Table 47 do not include 498 tons of 


Table 46. Timber Consumption, Top-slicing, Detroit Copper Co 



Tons of 

Round timber 

Sq tun- 

Total tim- 

Kind of work 

ore 

mined 

1 incar ft 
per ton 

Bd ft * 
per ton 

ber, bd ft 
per ton 

ber, bd ft 
per ton 

Top-slicing ... 

45 395 

0 5240 

2 4933 

5 5022 

7 9955 

S«juare-8Ctting . 

1 294 

0 6576 

3. 1236 

6.3833 

9 5069 

Development in mines. . . . 

I 353 

0 4205 1 

1.9974 i 

33.3924 

35 3898 

Outside development . . . 

498 

0 3373 i 

1 6024 

20.6104 

22.2128 

Hepairs, etc 


0 0146 

0.0693 

0. 1894 

0 2587 

'lotals and Hvernges 

48 540 

0 5382 

2 5564 

6 6473 

9 2037 


♦ On basis that I linear ft of timber 4.75 bd ft. 


Table 47. Duty of Underground Labor, Top-slicing, Detroit Copper Co 



Tot al 

Number of men 
vNorking 

Output, tons per 
shift 

Mine 

output, 

tons 

Total 

Sloping 

Per 

man 

Per man 
sloping 

Ryerson 

24 017 

305 

184 

3 03 

4.98 

Yankee 

8 394 

182 

87 

1 77 

3.26 

Copper Mountain 

Ari* Central . 

12 025 

3 606 

169 

80 

134 

44 

2 73 

1 72 

3.40 

3.14 

Totals and aver 

48 042 

736 

449 

2 54 

3 99 
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or« from outside properties. Shifts were nominally 8 hr, actually 7.5 hr; 26 working da 3 m per month. 
Output per man-shift underground and on surface, including outside properties, 1.85 tons. Dyna~ 

Table 48. Explosive Consumption, Detroit Copper Co 


Kind of work 

Tons ore 
mined 

Lb 

dynamite 
per ton 

Ft fuse 
per ton 

No caps 
per ton 

Slicing 

45 395 

0 435 

1 729 

0 361 

Square-setting 

1 294 

1 043 

3 091 

0 772 

Totals and aver 

46 689 ! 

0 451 

1 767 

0 372 

Development 

1 353 

4 820 

16 038 

4. 175 

Outside claims 

498 

24.299 

58 433 

12 319 

Totals and aver 

48 540 

0 818 

2 746 

0 601 


mite was of 1 7/8 and 1 Vs-m diam, 40% dynamite was used wherever possible; 60% was required 

to break some ground. Blasting m slices was done with 5-X 
caps and double taped fuse. Table 49 covers the mining of 
48 042 tons of ore at the 4 mines in Table 47. Mines were 
comparatively dry; there was little artificial ventilation; 
underground hoisting item includes cost of hoisting timbers 
from trammmg levels to shoes with small tugger hoists. 


Table 49. Distribution of Costs 
Top-slicing, Detroit Copper Co. 


Item 

Per cent of 
total cost 

Labor 

45. 19 

Supplies 

6 II 

Timber 

17 70 

Tool sharpening , . 

2.25 

Machine-drill reps 

2 97 

Ventilation 

0 52 

Und’g’d hoisting. ,. 

0.28 

Hand tramming. . 

2 64 

Mule tramming . . . 

5 45 

Hoisting 

5 85 

Und’g’d repairs. ... 

3 51 

Mine drainage .... 

0 70 

Miscellaneous 

6 83 


100 00 


not, slice 2 was started by raising fiom the sub-gangway, 
scraped into raise B, and from slices 
3, 4, etc, into the sub-gangway; then 
the hoist was turned 90° and the 
ore re-scraped to raise C. This was 
locally called the Scott system. . 

Slices were 7 ft wide by 11 ft high, 
timbered with 10 by 10-in square- ^ y_JJ. ‘‘ 

sets; caps 7 ft, girts 5 ft. Sets m 
sub-gangway were 3.5 ft c-c. Out- 
put per man-shift reached 10 tons 
where slices could be laid out 50 ft 
long, as in Fig 493, but decreased 
to 6.5 tons in shorter slices. 

Southeast Extension mine, Phelps 
Dodge Corp, Bisbee, Anz. Data 
from PI. M. Lavender in 1939. Top- 
slicing is used only in some small 
high-grade areas in this orebody 
that are not suited to block-caving. 

The ore is a secondarily enriched 
porphyry; soft and easy to drill; 
quite wet, but otherwise ideal for 
the method. The orebody had been 
developed for block-caving on the 
1 000, 1 100 and 1 200 levels and, 
wherever possible, this work was 
utilized in the top-slicing areas. 


Copper Queen mine, Bisbee, Ariz. Data from G. 
J. Young in 1926 (593), and C. E. van Barneveld, 1924 
(482) . Some areas were top-sliced and the ore scraped 
into a drift or ciosscut ( “sub-gang w'ay”), which con- 
nected raises on the floor below the slices (Fig 493). 
Development. Tw'o-compt raises from the levels 
were preferably on corneis of 50- ft squares and con- 
nected by sub-gangways. Slicing began at the ore 
limits, or next to caved ground. In Fig 493, the first 
slice, 1, would start from top of raise B; bioken ore 
was scraped directly to the raise by a hoe-type scraper 
operated by a double-drum hoist on floor of slice near 
the raise. In places, it might be possible to leave 
part of slice 1 open, while slice 2 was being taken, if 

be 


Ore from slice 2 might 





Fig 493. 


SECTION AA 

Top-slicing in Copper Queen Mine, as Modified 
for Scraper Loading 
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Fig 494 shows one section of the 1 000 level. Two 2-eompt raises A, from the 1 200 
main haulage level, were extended to the 1 000 level. Connections were made between 
the raises, and to existing work on the level, for ventilation, supplies, and access to the 
top-slice stopo. From raises A on the 1 000 level, 2 transfer “scram-drifts” B were 
driven to the ore limits and timbered with 5-ft sq-sets with 8-ft posts; all timbers, 10 
by 10 in. From the scram-drifts, two 2-compt raises C, 40 ft apart, were driven to top of 
the ore, where 2 drifts or “leads” D were driven to the ore limits. The raises were lined 
with 6 by 8-in cribbing; compts, 4 by 4 ft in the clear; the leads were square-setted, 
with 9-ft posts, 10 by 10-in caps, and 4 by 6-in girts 4 ft 2 m long. 



Fig 494. Top-elicing, Bisbee, Anz 

Slicing starts near edge of orebody; slicc-drifte are driven at right-angles to leads T), 
Drilling IS done with pluggers and the slice-drift is earned to the ore limits, or to a section 
line. Slice-drifts are square-sotted with 10 by 10-in timber, 8-ft caps and 9-ft posts spaced 
5 ft c-c. After the first slice-di ift reaches the Limit of the section, work starts at that point 
in an adjoining drift and retreats by slabbing successive sets to the mam leads D. The 
areas sliced lioforo caving occurs may be 1, 2, or sometimes 3 sets wide. Sequence of work 
is indicated by numbers in Fig 494. When a section is cleaned out, it is floored with 2 by 
12-in plank, 10 ft long and parallel to length of slice-drifts; then the section is allowed^ to 
cave. A slice rarely has to be shot down; with the length of cap and post used, the section 
usually oaves soon after the ore is mined. Broken ore is scraped to leads D by 7.6-hp 
air hoists; when enough ore has accumulated in the leads, the hoist headblocks are shifted 
for scraping ore into chutes i\ m which it diops into scram drift B, Here it is scraped into 
tiaubfer raises A by lO-hp elec hoists, and falls to haulage level. When slicing reaqtieB 
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the first raise C, the air-hoist is moved to the next raise. Operating data: output per 
man-shift, 12.67 tons. Direct costs per dry ton: labor, 52ff; explosive, 8^; timber, 14ji; 
total, 74i^. Wages: miners, $5.48; muckers, $4.84. 

Miami Copper Co, Miami, Ariz. Data from E. G. Deane in 1916 (285). Orebody is a 
large disseminated deposit of chalcocito in schist, overlain by a leached capping about 
200 ft thick (Art 10-b). Top-slicing was employed in an area about 800 ft square, in which 
the ore was soft but considerably harder than the siliceous capping, which breaks into fine 
particles and runs like sand. These conditions, and the fact that ore in this section was 
richer than usual, led to adoption of top-slicing, which was partly preparatory to other 
methods for the lower lifts (see Art 80 for other mining systems) . Development. Haulage 
levels were 150 ft apart vertically, with 2 sub-levels between at 50-ft .ntervals, which 
facilitated building of chutes, and, m connection with artificial ventilation, aided in dis- 
tributing air to the slices. Haulage levels comprised a series of drifts 50 ft apart, along 

which cribbed raises were put 



Srd Stage 4th Stegf 

PLAN OF WORK ON 1 FLOOR AT DIFFERENT STAGES 


Fig 496. Block Method of Top-slicing, Miami, Ariz 


up on 50-ft centers. Slicing. 
Attempts to carry a slicing 
face from 50 to several hun- 
dred feet long failed, the 
long diifts from an auxiliary 
shaft, required for bringing in 
timber and supplies, were 
difficult to maintain, and 
slicing faces advanced irregu- 
larly, due to varying condi- 
tions. These troubles were 
overcome by slicing oic in 
blocks 250 ft square; locally 
called BLOCK method of top- 
slicing. At middle of each 
block was a supply raise R 
(Fig 495) with a hoisting 
compartment 4 by 4. .33 ft and 
a ladderway 2.5 ft wide, tim- 
ber, steel, etc, were hoisted 
up this raise by a stretcher- 
bar hoist. Station sets of 12 
by 12 timber with 9 or 10-ft 
posts were erected at top of 
raise, which was further pro- 
tected by timber bulkheads 

10 ft high; two bulkheads 
were 7 by 7 ft and two 7 by 

11 ft in plan, as shown. 
Drifts A, B, and C, usually 
untimbered at first, were run 


inTthe order named. Slicing began at end of B and C, Fig 495 shows 4 successive 
stages of work in same block. New slices were started as soon as those alongside had 
advanced a few ft. As many men as could work to advantage were put on, ore was 
mined with greatest possible speed, until only 4 central pillars around the supply raise 
remained (see Srd stage). Inclined raises F were then put up to about the middle of each 
pillar; crosscuts (not shown) were driven to raises F from drifts A and C; slicing then 
continued, working from outside of pillars back to bulkheads, which by this time had 
squeezed down to a height of 4 to 6 ft. On completing this work, the last of the stopo 
was caved; it was found best to let ground settle several weeks before starting another 
floor. Slices were 10 ft high, timbered, according to the ground, either with single sets, 
of 2 8-ft posts and a 12-ft cap, or with double seta, of 3 8-ft posts and 2 7-ft caps, all round 
timber. No floor was laid if mat was thick enough to prevent runs of capping; elscwbeie 
a 2-in floor was spiked to 2 by 10-in sills; 5 by 10 and 4 by 8 sills were tried, but seemed 
to be no stronger than 2 by 10-in, after subjection to the heat and pressure of a completed 
slice. Bulkheads of old timber were built where necessary to aid slice-sets; the posts 
were shot down as soon as possible. All drilling was by plugpr-drills, using a water spray. 
Ore in slices was shoveled to raises or handled in barrows. This method gave good results; 
weight on timbers did not get beyond control during the time that slices had to be 1 ept 
open. It was foimd that pressure on central pillars was not intensified by caving around 
them. But ore in pillars was fractured, so that lifters were the only holes needed to 
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break it. This fact, combined with the handling facilities provided by raises F, made 
pillar-ore cost less than that from outside slices. Ventilation of the blocks was impor- 
tant; without it the heat from mat was excessive and reduced efficiency of labor. Air 
from a 60 000-cu ft fan was taken to the sub-level below the slicing floor and forced through 
raises into the slices as desired. Production per shoveler was 20 tons and per total man- 
shift, 10 tons, these figures being about double those obtained in slicing on long faces 
without artificial ventilation. 


Judge mine, Park City, Utah. Data from G. S. Krueger and E. A. Hewitt (147) in 
1938. Ag-Pb-Zn ore occurs as bedded limestone replacements and as fissure veins cutting 
a senes of folded and faulted 


shales, limestones, and quartzites. 
Bedded deposits dip about 20'*, 
undulating in conformity with 
bedding pianos; they are 2-20 ft 
or more thick; width, from a few 
to 100 ft or more; length, as 
much as 6 000 ft; hanging walls, 
usually firm limestone, do not 
require top-slice methods. Fis- 
sure veins dip 38°-00°; thick- 
ness, normal to walls, about 10 ft. 
Walls of the fissures are usually 
limestone, but one important 
vein has a weak shale hanging 
wall, wet and heavy. Devel- 
opment compiisos 2 vert shafts, 
2 100 and 1 GOO ft deep, and 2 



tunnels. Main-level interval is generally 200 ft; numerous local intermediate levels are 

driven as required. Drifts and crobsciits are 6 by 7 ft, timbered with 8-in sots. Stop- 

iNG. Overhand stopes, timbered with stringer sets, are generally used where walls are 
strong Top-slicing is adopted where hanging wall is heavy, and is most effective on 
the flatter dips, widths of 3-20 ft (aver 10 ft) have been top-sliced successfully. Fig 496 
shows ground conditions of a typical top-slice stopc m a fissure vein. Fig 497 shows 
general plan of stope development and order in which slices are taken. In this case, 
orcbody is developed by mam-level drifts D at 100-ft vert intervals, with 2 sub-level 
^ drifts E at 33.3 and 66.7 ft 

•o-'o--. .j. above main levels. Double- 


•o-'o--. above main levels. Double- 

j-i compt raises 72, 5 by 11 ft, 

F timbered with 8 by 8-in sets 

yitii 1^'"^ spaced at 5 ft, are 50 ft apart. 

General plan of retreat is 
from both ends of orebody 
toward a central mam raise. 
. |-j Individual slice sections, ex- 
orebody, 

I L. extend from raise to raise, 

g ^ Face of a slice is advanced by 

•p I I yA a pilot heading, broken by'a 

I drift-round with back holes 

4 I I omitted; slabbing rounds 

^ ^ complete breaking the face. 

0 40 80 120 ^ Where waste inclusions are 

^ large or numerous, a pilot 
Ideal Longit Sec Projected on Vert Plane ^ heading, best along hanging 

Fig 497 Top-slicing in Judge Mine, Park City, Utah wall, is carried to end of block 

being mined. Slice is com- 
pleted by slabbing on retreat, thus affording space for storing hand-sorted waste. Slices are 
timbered (Fig 496) with stringer sets 5 ft apart. Sills //, 8 by 8-in, are laid at right-angles 
to strike, amd covered with 2-in lagging. Posts P are round timber, 8-in diam by 6 ft 
long. Sills become caps for the next lower slice. Sloping timbers T, faced with 2-in 
lagging and sometimes reinforced by angle stulls »8, hold hanging wall where it is weak. 
Scrapers were tried for moving ore to chutes, but as sorting could not be well done, they 
were abandoned. Ore is shoveled into 0.5-ton cars and trammed to chutes. Caving 
usually follows without blasting of posts, promoted by fact that hanging-wall press is 
diagonal to sets. Operations are at such depth that subsidence has not reached surface. 


Ideal Longit Sec Projected on Vert Plane 
Fig 497 Top-slicing in Judge Mine, Park City, Utah 
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United Verde mine, Jerome, Aiiz (227). Data from T. W. Qnayle in 1931, and from 
W. W. Lynch, formerly mine supt. For geol features and general description of orebody, 
m Art 62. Mining xmderground was generally by horiz cut-and-fill, lately changed to 
inclined cut-and-fill, as in Art 65. Top-slicing was used only in a special instance. An 
attempt had been made to mine as a single horia cut-and-fill stope a block about 200 ft 
square, starting at 1 650-levei. After the stope had been carried up several cuts, a large 
block of ground, over nearly the entire horiz area of the stoi>e, fell from the back. This 
left the stope hack in the shape of an arch (Fig 498, vert sec CD), Continuance of cut- 
and-fill was deemed unsafe, and top-slicing was substituted. The block in question was 
overlain at the 1 500-level by a waste-filled stope, extending to the 1 200-level. Oppor- 
tunity was afforded to add more fill at the 1 200-level, as the filling dropped due to top- 
slicing. Preparation. All broken ore from the fall of ground was first removed. Then, 

before starting top-slicing, as firm 
a foundation as possible was estab- 
lished beneath the umnined block 
by complete back-filling of the 
open space with waste. It was 
realized that, as the block was 
thinned by slicing, it would even- 
tually fall. But, with filling tightly 
packed against the old stope 
back, settlement occurred gradu- 
ally, causing no accident to men, 
nor much interference with slic- 
ing. Dbvel,opment. Raises R, 
Fig 498, for disposing of stoped 
ore were driven in oie from the 
1 650-level on 35-ft centers near 
both hanging- and foot-walls. 
Service raises S within both walls 
and connected to each slice by short 
crosscuts were used to bting in 
timber and other supplies from the 



Ore by-passes to haulage level 
Horiz sec 



Vert sec A-B ' Vert sec C-D 

Fig 498. Top-slicing at United Verde Mine, Jerome, Ariz (227) 


1 500-level. Stopino. Slices were 11 ft high. On each slice-floor, 4 by 6-ft sub-level 
crosscuts T were driven from each chute-raise to center of the block in upper slices, or to 
the edge of filling in the lower slices. Retreat proceeded from one end of the block to the 
other, and from a middle line to the walls. Mining was by breasting with mounted 
drifters. The broken ore was hand-shoveled and delivered to raises R in 18-cu ft scoop- 
body cars, n^ing on sectional 16-lb rails. A double flooring of 2-in plank was laid on 
4 by 12-in. sills, set 5 ft 4 in apart at right-angles to the sub-level crosscuts T, Posts 
of 10-14-in native pine, unpeeled, with 6 by 12-ia headblocks, were placed 5 ft 4 in c-c 
directly under sills of the floor above; bottoms of posts rested on the ore, sills and flooring 
being laid after standing the posts. Generally, 3 lines of posts, lengthwise of sub-level 
crosscuts, were stood before blasting the posts. Posts were bored with air-driven augers; 
to mininiize fire hazard, they were blasted with permissible explosive and elec caps. 
Top-slicing here proved more advantageous than square-setting, as to both cost and speed 
of mining. During first 10 mos of 1929, powder consumption was 0.71 lb per ton; timber, 
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9.91 bd ft per ton. Duty of labor was as follows, in man-hr per ton: breaking, 0.383; 
mucking, 0.651; timbering, 0.837; haulage and hoisting, 0.234; supervision, 0.120; general, 
1.020; total, 3.245. 

Oceanic quicksilver mine, Cambria, Calif. Data from A. W. Frolli (266) in 1937. 
Cinnabar occurs disseminated in sandstone. Main orebody is about 600 ft long by 
15-40 ft wide; dip, neaily vert. Walls are not well defined; ore and walls are highly 
fractured and hence weak. In early work, surface ore was mined by open-cut; under- 
ground mining was by square-setting, with and without filling. Top-slice method was 
adopted because broken condition of orebody and walls made most other systems unsafe. 
Development. As topography is steep, entry to mine is by tuimels, main haulage tunnel 
is about 350 ft below outcrop; fiom it avert shaft was sunk to 750 ft. Level interval is 
generally 70 ft in upper workings, 50 ft in lower. Stoping. Two-compt cribbed raises 
R (chute and manway) are driven 35-40 ft apart (Fig 499) . Slices are horiz and are usually 
10 ft high; sometmies, in bad ground, 8 ft. In starting new slice, a drift, usually the 



Fig 499 Top-slice Stope, Oceanic Quicksilver Mine, Cambria, Calif (266) 

height of slice, is driven from the last raise to end of the ore. Stoping begins by widening 
the end of the drift to the ore limits. General plan is to retreat from one end of orebody 
to the other. Sills, of 2 pieces of No 2 common rough Oregon pine, 2 by 10-in and 12 
ft long, are laid crosswise of the stope on 6-ft renters. On these, and lengthwise of the 
stope, single sills are laid for flooring. Sillmg and flooring closely follow the removal of 
ore, to prevent dilution from sloughing of walls. Roof or mat is supported by pine stulls, 
8-m diam, ])laced 6 ft apart and diiectly under sills ot slice above. When possible, laise 
cribbing and stulls are salvaged for reuse. When stoping has advanced about SO ft, or 
to a point wheie timbers show wt, timbers are bored with 1.25-in holes 4-6 in deep, .about 
4 ft from the floor. Holes are loaded with naif a stick of dynamite, both instantaneous 
and delay elec caps being used for better control of caving. Drilling is generally by 
breast-holing with jackhammers; due to broken nature of ground no systematic round is 
used. Explosive is 30% dynamite. In 1935, with miners’ wages at $4 and muckers' 
wages ^.50 per 8-hr shift, mining costs per ton, excluding development, weie: labor, 
$1.43; explosives, $0.08; timber, $0.14; other supplies, $0.08; power, $0.08; compensation 
insurance, $0.12; total, $1.93. 

73. INCLINED TOP-SLICING 

In this modification of top-slicing, the ore is mined in blocks or panels, and the slice 
floors, instead of being horiz, are driven on a slope sufficient for broken ore to slide or roll, 
either to narrow stopes or funneled chute raises on edge of the block. The method was 
designed to reduce cost of shoveling. It has had a limited use in the Morenci-Metcalf 
district, Ariz; attempts to use it at Bisbee, by Calumet Ariz Mining Co, were unsuc- 
cessful. Following are examples. 

Coronado mine, Metcalf, Ariz. Work suspended about 1923. Data from W. G. Scott 
in 1918 and P. B. Scotland in 1917 (595). Inclined top-slicing was used in a vein 20-40 ft 
wide (Fig 500) . Ore was mined in blocks 50 ft long, separated by narrow shrinkage stopes 
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through which the ore broken in slices was handled. Development. Sub-level drifts 
Y were driven 55 ft apart vertically (or other multiple of height of slice, 11 ft) ; raises R, 
at 50-ft intervals, connected sub-levels and main haulage levels Z. Crosscuts *S, timbered 
with square-sets, were run to walls or limits of ore at 50-ft intervals along sub-levels; 
they extended into hanging wall far enough to leave 5-ft pillars between manway and 
timberway raises X, which reached sub- level above. Breakthroughs B, 11 ft apart, gave 
access to the shrinkage stope as it went up and to the slices as they descended. Vert 
shrinkage stopes 4 ft wide were opened from the back of each crosscut S to top of 
the ore or to the mat above. Chute gates and sUdes, in crosscuts S, delivered broken 

ore to raises R ; 2 gates suf- 
ficed for a stope 40 ft wide. 
Slicing. Ore in shrinkage 
stope was drawn down 11 It, 
as at .4, Fig 500; then the 
top of shrinkage stope was 
widened as at B ; grizzly stulls 
G (Fig 501), 10 ft long and 
spaced 12 in apart, were laid 
across the stope. The stulls 
of the overlying slice were 
caught up by caps, paralleling 
the sides of the stope and 
supported by battered posts, 
which stood on ore and were 
braced apart at top by 
stretchers. The slices, begin- 
ning at footwall, were 10 ft 
wide and ran upward at about 
33°, which caused the ore to 
roll or slide into the stope. Transverse 10-ft sills M were laid 5 ft apart (Fig 501), with 
a floor of 2 by 12-in by 12-ft plank, spiked to them. Sills of slice above were supported 
by posts, set on the ore at 17° from the vert, which proved best to prevent them from 
riding and with minimum chance of being shot out. As many as 3 contiguous slices 
might be taken before timbers were blasted and mat allowed to drop. The method, as 
applied heie, requires ore strong enough to 
stand in the shrinkage stopes; in weaker ore, 
close-spaced chute raises may replace shrink- 
age stopes between blocks (see Humboldt 
mine, below). Operating data. Production 
from blocks 50 ft long in a 40-ft vein width 
averaged over 2 000 tons per month, with 3 
men per shift, 2 shifts per day. The stope 
crew drew ore from shrinkage stope as re- 
quired, hoisted its timber and did all other 
work. Output per man-shift in inclined slic- 
ing in* mining 29 000 tons in 1917 was 11.2 
tons, compared with 4.64 tons for flat-slicing 
25 600 tons in 1916; material costs for the 2 
methods were about equal. From 1918 to 
1923, a number of fires in the mats caused abandonment of top-slicing in favor of block- 
caving and a combined method described in Art 87 (599) . 

Humboldt mine, Phelps Dodge Corp, Morenci, Ariz. Operations at this property 
were suspended in 1932. Data from J. P. Hodgson and J. Kiddie in 1922 (594). Inclined 
top-slicing was used for some large shoots of soft ore; see Art 73 for ore occurrence. 
Method was similar to that at Coronado mine (see above), but with chute raises instead 
of shrinkage stopes between blocks. Ore was mined in blocks 50-60 ft long and full 
width of deposit. In one shoot, 230 by 750 ft horiz sec, a main haulageway was driven 
in one wall and from it parallel untimbered crosscuts were driven through the deposit 
at 50-ft intervals, which brought them on center lines of blocks. From each cross- 
cut, at 15-ft intervals, vert untimbered chute-raises were put up to the mat above 
(44 or 55 ft) ; in the walls at ends of each crosscut were raises for handling timber and men. 
Fig 502 is a vert sec through part of a crosscut L. First work on a sub-level was to 
connect tops of raises with heading M, starting at far side of the ore; tops of raises were 
belled out (see sec. Fig 502, and plan, Fig 503) ; 10-ft cross sills were set in hitches on 
2.5-ft centers across floor of heading. The mat was picked up on posts and stringers 



Fig 601. Coronado Mine, Ariz, Longit Seo 
through Slice 
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Fig 500. Coronado Mine, Inclined Top-slicing (595) 
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Humboldt Mine, Ariz, Inclined Top-slicing. Sec A-A, Fig 503 
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P'ig 503 Humboldt Mine, Ariz, Inclined Top-slicing 


(Fig 504), as at Coionado. After 
heading had advanced about 50 ft, 
slicing could begin. Slices were 10 
ft wide, carried upward fiom head- 
ing at 33° until they reached caved ^ 
ground or the limit of the block. 

A comparison covering 4 years 
showed a reduction in costs of 15% 
in favor of inclined slicing over 
horiz slicing. Timl:>er consump- 
tion, 1918-1921 inci, for all inclined 
slicing was 9 bd ft per ton, as 
against 7.9 bd ft for 1915-1921, all 
flat slicing. In another stope, 285 
by 420 ft, crosscuts were 60 ft apart 
instead of 50 ft, with less satis- 
factory results. Inclined slicing 
at Humboldt mine was replaced 
(600) by another caving method 
(Art 87). 
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Prince Leopold mine^ Katanga, Belgian Congo, uses a modified form of inclined top* 
slicing, differing somewhat from that at the Humboldt mine. For details, see Bib (274) . 

74. SUMMARY OF TOP-SLICING 

General. Top-slicing is essentially a method for mining deposits with weak ore and 
walls. Though it may be used under many different conditions (Art 70--73), its com- 
monest application is in orebodies of large horiz section, overlain by material which cavea 
readily. It is well adapted to easily broken, heavy ground, requirmg strong timbering 
and filling if mined overhand (132, 286). 

Advantages common to all forms of top-slicing: (a) safety; chief danger is that men 
may fall down raises; (6) clean mining; (c) high extraction (90-98%); (d) it allows close 
sampling during mining; especially important in certain Lake Superior iron deposits. 

Disadvantages are those common to all caving methods (Art 78, 82), Also, much 
timber is required, natural ventilation is poor, and fire hazard is high. In the older applica- 
tions of top-slicing, all ore was shoveled by hand. Recent scraping practice in radial slices 
largely overcomes this disadvantage. 

Requirements for successful application: (a) Subsidence of overlying ground must 
neither destroy valuable property nor make mining dangerous; see Art 113 for full state- 
ment of these conditions. (6) Capping, if of rock, must be weak enough to cave either 
to surface or sufficiently to cover the mat with a cushion of broken rook thick enough to 
protect the workings below, (c) Ore should be of uniform grade; small amounts of waste 
may be left on floors, but extensive sorting is not feasible. Large horses of waste may be 
left unmmed, but are troublesome; square-sets must be used to form a mat below the 
horses, as at top of a deposit (Art 70). (d) Ore should break easily, since woiking faces 

are small and cost of narrow work increases rapidly with hardness of ground. Also, the 
heavy blasts required in hard ground dislodge timbers and cause prematuie caves (284). 
(e) Boundaries of orebody should be regular; irregularities do not prohibit top-slicing, 
but increase cost, as they usually involve square-setting. (/) Top-slicing is best for 
orebodies the shape, size, and position of which allow stopes with vert or steep-dipping side 
walls. Trouble arises in vem-like deposits dipping less than 60°, because the hanging wall 
must be caved and the mat extended under it on each floor; these difficulties increase with 
strength of hanging and flatness of dip. See Bib (277) for use of top-slicing in a bed 36 ft 
thick, dipping 9-12°; also Utica mine, Art 71. 

Alternative methods. Top-slicing has been substituted for filled square-sets (Art 45) 
at several mines where it is needless to support the surface or ground containing unworked 
orebodies. The method then has the following comparative advantages (see also Art 64) : 
(a) It allows mining in ground too heavy for economical square-set work, (b) In very 
heavy ground, where square-sets require much reinforcement, it saves timber; elsewhere 
it may require as much or more timlxjr than square-sets. But, cheap grades of timber 
are always used, with less and simpler framing, and its erection in stopes takes less time 
(132). (c) It saves cost of filling, (d) Rich fines are recovered in slice below, some fines 

are always lost in filled square-set stopes (Art 47). (e) More unskilled labor can be 

employed; more shovelers and fewer timbermen are needed. (/) JStopmg may stop tem- 
porarily, with a lower cost for renewing or reinforcing timbers. 

Relative disadvantages of top-slicing, besides the general disadvantages stated above, 
are: (a) it is less flexible; (b) ground is broken by breast stoping, which usually costs 
more than overhand work; (c) a much greater footage of drifts, raises, etc, is required for 
a given block of ore, and this delays production from any area; (d) mining is confined to 
top of orebody; stopes can not be opened on lower levels; hence, top-slicing in orebodies 
of small area may not produce the desired output; (e) cost of bringing timber into the 
stopes is usually higher in top-slicing than in square-setting (Art 47). Sub-level caving 
is the usual alternative caving method (for comparison, see Art 78) , 


76. SUB-LEVEL CAVING 

General. Sub-level caving, a logical development of top-slicing (Art 70), is largely 
used on the Lake Superior Iron Ranges, but rarely elsewhere in the U S. Other local 
terms: sub-drift caving, sub-level slicing, sub-slicing, subbing, slicing and 

CAVING, sub-level SLICING WITH ORE CAVING, and TOP-SLICING WITH PARTIAL ORE CAVING. 

Suitable orebodies are wide deposits of moderately soft or moderately firm ore, over- 
lain by ground which will cave readily but coarsely, to form a capping which will arch 
and support itself temporarily over small openings. Latter condition is neither necessary 
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Bor desirable in topnalicing. For limitations and requirements of sub-level caving^ see 
Art 78. 

General plan. The method resembles top-slicing in that the ore is mined in horia 
slices in descending order, so that the overburden, or capping, will break up and subside 
as the ore beneath is removed. Fundamental difference is that the height of slices in sub- 
level caving is usually 15-25 ft, as against 10-12 ft m top-slicing. Timbered shce-drifts 
are driven as in top-slicing, but a back of ore 7-15 ft thick is left between top of the seta 
and bottom of the mat, this back of ore being removed by mining and caving, starting at 



Fig 505. Dimgramznatic Vert Crose-eecs through Slice-drifts, coiuparing Top-slicing with Various 

Methods of Sub-level Caving 


far end of the slice-drift and retreating toward the entrance. The slice-drifts are 
often 18-25 ft apart horizontally, the “caving-back” operation in a given shce-drift 
then reaching out on each side to lines midway between adjacent drifts. Fig 505 indicates 
the similarity between top-slicing and sub-level caving, and shows progressive variations 
in amount of ground taken per shce in the latter method. 

Fig 506 also shows the resemblance to top-shcing in general plan of development, 
formation of mat, and the manner of retreat in a wide vem. Main levels consist of 
drifts D and crosscuts C, planned to facilitate haulage 
and for proper spacing of raises li. Sub- levels 
(“subs”), opened from raises as needed, consist of 
timbered drifts S and crosscuts T, cutting the ore 
into pillars (Fig 517, Art 76). This development 
work leaves pillars P between the back of one sub- 
level and floor of that above (Fig 506). 

Mining begins on the highest sub-level, the end 
pillars being attacked first; work retreats toward 
some central point, as in the longit sec VW, Fig 506. 


LONGIT SEC V W CROSS-SEC M N 

Fig 506. Sub-level Caving in Wide Vein (diagrammatic) 

Work on individual pillars may begin at the hanging wall and retreat toward footwall 
(cross-sec MN), or may retreat from both hanging and foot to raises in middle of vein, 
or may retreat in a direction parallel to the strike. 

In Fig 506, a slice-drift or slice FF is driven from crosscut T, next to caved ground and 
half-way across adjacent pillars; it is timbered with drift-sets and usually floored with 
lagging or plank. The overlying ore is caved into the slice-drift in small sections, from 
points F (horiz sec XT), and retreats to crosscut T. Ore is shoveled into either barrows 
or small cars and trammed to raise, or loaded mechanically into cars, or scraped direct to 
raises. Scraping has largely supplanted other means of handling ore. Contiguous 
slices are successively driven and caved in retreat. Mining of ore alongside and over 
slice-drifts is called “stoping back,” “caving back,” or “stripping.” Fig 508-512 show 
details of different modes. Set-timbers and flooring are not recovered; as work descends, 
a mat of timber and waste (qob) accumulates above. Method requires that gob shall 
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hang temporarily over small excavations, long enough for safe removal of caved ore. 
Sub-level drifts and crosscuts connecting the raises divide the ore into blocks or panels, 
which are usually mined one at a time. Several blocks may be mined simultaneously by 
keeping adjacent working faces in advance of one another (Sec XY, Fig 506). In the 
same way, slicing and stripping may proceed simultaneously on several sub-levels. Main 
levels are mined like subs, the ore passing through raises to next lower main level. 

Variations. Above plan may be adapted to orebodies of various shapes and sizes and 
to ores of different character by modifying layout of subs, raises, and main levels, the 
interval between subs, and the details of slicing and stripping (see below; also Art 76, 77). 

Development. Entry (see under Entry, Art 70). Interval between main levels 
is 75-200 ft; it depends upon same factors as in top-slicing (Art 70), but the relative weight 
of these factors is different because: (a) ores mined by sub-level caving are usually stronger 
than those worked by top-slicing; (6) timber consumption per ton of ore is less in sub-level 
caving, less timber has to be handled through raises, and cost per ton of ore for hoisting 
timber to the subs is lower. Hence, somewhat greater level intervals are allowable in 
sub-level caving. Interval between main haulageways may be increased by employing 
intermediate levels, as in top-slicing. 

At Chapin mine, main levels were 200 ft apart vertically, because of cost of cross- 
cutting from the shaft under difficult drainage conditions (153). At some places, inter- 
mediate levels were opened 50 ft apart; at others, raises were offset at 50-ft intervals to 
break the fall of ore and avoid excessive wear in chutes. Layout of main levels at this 
mine favored mechanical haulage. Oblique crosscuts allowed easy curves into crosscuts. 
Cars were hand-trammed in most of the crosscuts; only a few contained trolley wires. 
The disadvantage of oblique ciosscuts is that .some diamond-shaped pillars are formed 
on main levels, and also on subs, if these are directly over the mam drifts. Slicing and 
caving are more difficult in diamond-shaped than in rectangular pillars, especially on 
reaching a stage where a triangular area remains to be mined. Also, ore is apt to be 
forgotten and lost when drifts and crosscuts aie at oblique angles (183). 

Main levels are planned to 
facilitate haulage and allow proper 
spacing of raises for handling ore 
on sub-levels. In very narrow 
orebodies, development often com- 
prises a single drift; in wider ore- 
bodies, 1 or more drifts parallel to 
strike, often with crosscuts at 50- 
to 100-ft intervals; for examples, 
see Art 76. Original layout should 
cut ore into pillars suitable for 
slicing and stripping, or into pillars 
which can be subdivided system- 
atically for this purpose by sub- 
ordinate drifts and crosscuts. 
Raises are usually close-cribbed; 
drift-sets (“opening-sets”), Fig 
507, are placed m the cribbing op- 
posite each sub-level as the raise 
goes up; sub-levels are started from 
these as needed. Chute and lad- 
derway compartments are required 
in nearly all rai.ses. Rai.ses are 

Fig 507. Timbering for Raises, Sub-level Caving usually put up from main-level 

drifts at intervals of 30-50 ft; 
branched raises are sometimes used to secure close spacing for hand and scraper loading ; 
see Art 76 for various arrangements. Factors governing raise interval are like those for 
top-slicing (Art 70) ; see also below under Sub-levels. 

Sub-levels, (a) Plan of sub-level development depends on shape, size, and nature 
of orebody, and character of capping; sub-level plans should guide main-level develop- 
ment rather than vice versa, (b) To facilitate slicing, sub-level drifts and crosscuts should 
intersect at right-angles, the pillars thus formed being rectangular. This practice is 
followed even where slice-drifts are oblique, as in Radial slicing. Art 76. (c) Regardless of 
method of loading, max length of slice-drifts for economical driving and stripping is about 
100 ft. Economic length of slice-drifts also obviously influences interval between raises. 
See Art 76, 77, for various sub-level layouts. 

Sub-levels should not be opened far in advance of mining requirements; to maintain 
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them for long periods may require extensive renewals of timbering. New sub-levels can 
generally be developed quickly, as raises furnish numerous points of attack; but, when 
the ore from sub-level development is needed to maintain a certain output, the subs are 


run as soon as they are reached in the 
raises (76, 270). Drifts on a sub-level 
are sometimes crushed by pressure caused 
by mining on the sub above, especially 



when drifts on adjacent subs are directly 
over one another, instead of being stag- 
gered. 

Vert interval between sub-levels is 




12-25 ft; in a given orebody it is a com- 
promise between following factors: (a) 
a large interval increases proportion of 
ore broken by caving and hence reduces 
aver cost of breaking ore for the whole 
deposit; (h) small intervals allow closer 
control, cleaner mining, and higher extrac- 
tion; (c) max possible interval is a func- 
tion of strength of ore, pressure of the gob, 



and time required to open and mine a 
sub-level. Depending on relative weight 
of these factors, the normal interval of 
15-18 ft between subs is increased w’here 
possible and decreased if necessary. For 
unusual case where interval is 50 ft, see 
Montreal mine. Art 76. 

Methods of slicing and stripping pil- 
lars formed by sub-level development 
vary with character of ore, pressure from 
caved ground, and thickness and strength 
of mat; local custom also influences the 
choice (270, 76, 293, 153, 482). 

Fig 508 shows a plan suited to heavy 
GROUND which, in narrow excavations, 
can bo supported temporarily by timber. 
A sUce-dnft A is driven acioss pillar //, 
and timbered with lagged drift-sets; when 
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Fig 508 Slicing and Stripping Details 


completed, floor F of lagging or old timber is laid. Stripping begins by removing top 
lagging from sets at center of pillar and allowing the ore to run into the drift; the mat 
follows the ore down as indicated. Stripping retreats each way to crosscuts H and C, 
and the process is repeated in continguous slice-drifts until the pillar is mined out. 
Ore in hack of crosscuts B and C, at D and E, may be broken as a final step in stripping 
each slice-drift, or when the adjacent pillars I and J are mined. The latter plan pre- 
serves crosscuts B and C, so that slice-drifts in pillars I and J can be driven from both 
ends. I'his increases speed of mining and shortens distance between working faces and 
crosscuts, but the cost of maintaining crosscuts may be prohibitive. An arrangement 
which avoids this difficulty is shown in Fig 506. If ground to left of KL (Fig 508) 
had been mined and caved, slice-drifts in pillar H could be driven from one end only, 
that is from crosscut C; stripping would then begin at inner end of slice. 

In Fig 508, lagging on sides of the slice-sets holds back the gob while slice-drifts are 
being driven and stripped. Fig 509 shows a method permitting close control of both 
lateral and vertical pressure. A slice-drift AA is driven as shown, leaving a 6 or 8-ft pillar 
of ore PP next to gob. Work of romo\ing pillar and stripping the slice begins at A and 
proceeds as follows: crosscuts 1 are driven through pillar PP and ore over 1 is caved; 
ore over 2 is then caved, and crosscuts 3 are driven and stripped; then ore over 4 is caved, 
and so on. The back of sub-level crosscut C, at 10, is stripped last; the next slice-drift 
is driven at FF and process is repeated. Fig 510 shows a systematic method sometimes 
used on Gogebic Range for stripping pillars and slices (482). Sub-level interval is 18 ft; 
slice-drifts, on 15-ft centers, are 10 ft wide at bottom, 7 ft at top, and 8 ft high. Starting 
at face of slice-drift S, a section of the pillar 1 is broken, usually by blasting; then cuts 2 
and 3 are taken by blasting or barring. Without removing the top lagging, holes are 
drilled in the back of the slice-drift, and cut 4 and the lagging are blasted down; cut 5 
is blasted or barred down as conditions require. This work is done in small sections, 
retreating toward entrance to slice-drift. 
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Fig 511 shows work in stronger ground under a strong mat. Drift .4 is a sub-lovel 
at end of orebody; slice-drifts B and C are driven in turn alongside of it. By the time 
slice B is completed, or possibly not until slice C is started, timbers in A begin to crush. 
K ore overlying A does not come down, timbers at far end of A are shot out, and caving 

is begun there by blasting down the back 
with light charges. The ideal condition is to 
have caving start at end of A and progress 
steadily back to crosscut D; to accomplish 





this, some slice-sets may be reinforced and others shot down; similarly, some parts of the 
back may requiie blasting and others not. Ore caving into slice A is loaded by men who 
work mostly under protection of timbers in B. Broken timbers are thrown back and 
become part of the mat; slightly damaged timber may be used for reinforcing weak sets. 

Vert HOC LM, from B. W. Vallat (76), shows 



Fig 511. Slicing and Stripping Details 


work while stripping is going on in slice B. A 
thick mat will often hang up until stripping 
is completed, P. S. Williams states that, on 
the Gogebic Range, Mich, the gob sometimes 
takes a week to close in (270). Obviously, 
details may be greatly varied. If parts of 
pillars crush before they can bo mined out 
systematically, drifts are driven to the crushed 
area, and ore is drawn as long as it will run. 
Some of the ore which can not thus be re- 
covered is obtained in stripping the sub-level 
below; such work is necessarily irregular. 

Sometimes work is planned so that the 
weight of gob will crush part of the oio in sub- 
level pillars. Fig 512 shows this method at 
Chandler mine, Ely , Minn (see Art 76 for 
description of orebody). Stripping on any .sub- 
level retreats from the ends of the deposit. 
Drifts D cut ore on the sub-levels into pillars 
say 10 ft square. Weight of the caved ground 
above breaks down ore in the back, and splin- 
ters the pillars so that they can be mined 
with pick and bar, without bla.sting. Wheie 
necessary, long props with head-boards sup- 
port the mat temporarily, as at C. 

For more recent practice on Gogebic Range, 
see Art 76. 

Breaking ground in slice-drifts is similar to 
that in top-slicing (Art 70), except that there is 
no free face at the top; slices like those in Fig 
609 are driven as ordinary drifts (Art 20) . 

Timbering. Cheap timber is used for same 
reasons as in top-slicing. Simply framed 
3-piece sets are nearly always employed for 
slices. When slicing under a thick mat, floors 
are often omitted. 


P. S. Williams, commenting on Gogebic Range practice in 1910, indicated a growing 
tendency to cover floors of slices with boards, even w'here gob is compact enough to allow 
good extraction without them. Use of floor-boards seta a definite limit for men to work 
to in stripping and helps to prevent mixing waste with ore (270). Handling timber. 
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Much slice timber must be hoisted up raises. Where sub-levels are opened in advance of 
mining requirements, timbers for sub-level drifts and crosscuts can be lowered from main 
level above. When a piilai of ore is left opposite a hoisting shaft in the footwall, raises 
can be maintained in the pillar, through which timber for development and slicing is 
lowered to sub-levels (270). Salt 
VAGE OF TIMBER IS not feasible. 


Handling ore. Problems resemble 
those in top-slicing (Art 70). With 
hand loading, all ore broken must be 
shoveled. Barrows, or cars of 0 5-1 6 
ton, are used on sub-levels. Some 
direct shoveling to raises is possible. 

Mechanical loading (usually with 
scrapers) is cheaper, increases duty of 
labor, and shortens time for slicing 
and stripping. Most of the loading in 
nearly all Lake Superior iron mines is 
now (1938) done mechanically, even 
where original development was 
planned for hand loading. For exam- 
ples, see Art 76, 91. Small amounts 
of waste can be sorted out and left in 
the slices; floors should be laid where 
this 18 done, otherwise, the same 
w'aste vill appear when slice below is 
stripped. Extensive sorting is not 
feasible. 

Mat is started at top of orebody 

by one of the methods described 
m Art 70; see also Fig 518, Art 76, 
and accompanying text. 

Ventilation problem.^ in sub-level 
caving are like those in top-sliciiig. 

For efficient mining, powder smoke, 
and the heat and gases from decaying 
timber in gob, must be swept from the working places. Doors and brattices (Sec 14) are used to 
control natural air currents, working places which can not be thus ventilated have motor-driven 
pressure fans Sub-levels are kept connected with mam level above as long as possible, to facilitate 
handling timber, these connections and those with the timber-raises in shaft pillars greatly aid 
natural ventilation For full discussion of ventilating problems in Lake Superior iron mines, see 
Bib (298). 

Extraction. Some ore is lost in the gob, especially near top of orebody. Losa is 
mateiially i educed by using floor boaids; it becomes less after some thickness of gob has 
been formed. Pillars crushing prematurely can not always be entirely recovered; such 
caA'ing may cause furtliei loss by pi eventing access to other pillars. Different engineers 
estimate that 5-20('o of ore is lost m sub-level caving; no accurate data available. 
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Gogebic Range, Mich and Wis Data from C. F. Jackson (281) in 1931. Orebodies 
occur in several luoductive horizons in cherty and slaty beds, dipping 55°-75®, as concen- 
trations of hematite in V-shapod pitching troughs formed by intersection of dikes with 
footwall (luartzito or impel vious slates (Fig 513). Deposits, irregular in. shape, vary 
from a few ft to several hundred ft m wudth and thickness, and from several hundred to 
several thousand ft m length. Hanging-wall capping usually consists of bands of slate 
and partly leached, cheity iion foimation. On caving, hanging wall breaks into blocks 
or slabs tending to interlock and arch over openings of moderate size. Development. 
Entry is by inclined or vert .shaft in footwall (Fig 513); recent practice favois vert shafts. 
Main levels, 110-300 ft apart measured on dip of formation. Orebodies of the smaller 
widths are developed on main levels by diifts parallel to strike (Fig 514); w'ide orebodies, 
by longit drift near footwall, with crosscuts about 100 ft apart (Fig 514). Sub-level 
vert interval is usually 18-25 ft, sometimes gi eater, at Montreal mine, 50 ft. Sub-levels 
are developed from a series of raises from haulage drifts. Where haulage level comprises 
one or more lon^t drifts, the raises are on lines parallel to strike; slices usually run across 
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orebody, with raises 18-20 ft apart at the sub-levels, to provide for direct scraping from 
slices. In very narrow orebodies slices generally 


run strikewise, with raises sometimes 200 ft apait. 
Where longit haulage drifts are used, raises are 
at same inclination as footwall, generally of 2 
cribbed compts, an ore-pass and a manway contain- 
ing a timber slide, compressed-air line, and some- 
times a flexible ventilating pipe. If oie has been 
blocked out by crosscuts on haulage level (Fig 514), 
raises are crosswise of orebody, and slices parallel 
to strike. These raises may be vert, but arc often 
inclined at right-angles to the crosscut and driven 
at an angle of 65°-70°. Regardless of haulage-level 
layout, raises are often 50 ft apart in starting, but 
are branched at some point above to give spacing of 
18-25 ft at sub-levels (Fig 515). For exceptional 
procedure, see Montreal mine below. Slicing and 
CAVING. Slice-drifts are about 8 ft wide at top, 10 
ft at bottom, and 10 ft high. Rounds about 5 ft 
deep are drilled with hand-held hammer drills and 
auger bits. Slice-drifts are timbered with battered 
sets of round timber 5 or G ft c-c, lagged with 
split or pole lagging. Posts and caps aie7 or 8 ft 
long; diam from 8 or 10 in to 12 or 15 in. Timber is 
usually unpeeled tamarack; sometimes hemlock or 
hard wood. Where line of raises is parallel to 
strike, slice-drifts are driven from center hue of 
raise to both walls; if crosswise of orebody, slices 
are parallel to strike in both directions to point 
halfway through block of ore between the raise lines. 
When slice-drift reaches hanging or footwall or to 
the predetermined raining limit, the stoping or 
“caving-back” operation starts at end of drift (Fig 
515). A side cut is first taken next to caved ground, 
followed by several others, the last cut being always 




Fig 613. Typical CrosB-aec of a Gogebic Range Mine, 
showing Scheme of Development 


Fig 514. Main- and Sub-level Development, Gogebic Range 
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over the back of the drift. In making these cuts, lagging is removed from 1 or 2 sets, as 
required, to permit drilling. The side cuts are at an angle of 4.5°-50° from horiz; in 
blasting them, care is taken not to injure the pillar over back of drift. In starting the 
caving-back work, it may be necessary to mine several sets before the gob will come 
down. During advance of the slice-drifts and the caving-back operations, the ore is 
scraped by power scrapers into the raises. Floors are not covered as carefully as in top- 
shcing before caving of gob, 
but some covering, often old 
timber, is usual. The “hog- 
back” between slices may be 
blasted before caving the gob; 
if it is not mucked out, a mat 
(poles covered with wire fenc- 
ing) IS laid over it to prevent 
its mixing with gob. Cavmg- 
back operations are repeated, 
retreating to the raise, or to 
within alxiut 8 ft of it if slicing 
is to be done on opposite side 
of the raise. Work is usually 
planned so that while a slice is 
being caved back, the adjacent 
slice IS advancing. Miners work 
in pans, on contract, usually 
producing, in caving back, 40- 
60 tons per man-shift, some- 
times 80 or more tons. One 
mine reports an aver of 40 tons 
per inaii-shift for slicing and 
caving back combined. C'av- 
mg back is carried on rapidly 
to minimize tiinliei repair, slice- 
drifts are dri\en only in accordance with production requirements. Power scraping has 
Mrtually eliminated hand shoveling on Ciogebic Range; usual equipment is commonly 
16 ‘26-hp elec double-sinim hoists, with hoe or box scrapers. At Montreal mine, below, 
use of scrapers has eliminated loading chutes on haulage levels. 

Eureka-Asteroid mine, Gogebic Range, Mich. Data from O. M. Schaus (499) in 
1930. Geological features are typical of district (simj alx>ve). Types of orebodies: (a) 
the usual one consists of masses of triangular cross-section, lying at intersections of 
diorito dikes with the footwall; (h) blankets ,'>-20 ft wide lying on the footwall. Ore is 
soft hematite requiring timbering of all openings. Hanging-wall capping is cherty iron 
formation. Development. Mam shaft is vert, in footwall midway between property 
lines, depth (1930), 3 275 ft; at 2 000 ft it is 1 000 ft from footwall. Haulage levels are 
at 2lK)-ft vert intervals. Level de^ elopmont depends on size and shape of the orebody, 
but usually comprises one or moie diifts jiarallel to strike. Drifts in ore are 9 by 11 ft 
outside timlKT, battered sets of S-ft posts and caps are 5 ft c-c. Untimbered drifts and 
crosscuts in footwall are S by 10 ft. Where ore is m narrow veins or blankets, raises are 
as much as 2(K) ft apart, they have 2 cribbed compts, ore-pass and manway. Ore-passes 
are lined with I 5-in haidwcMid plank to aid passage of sticky ore and prevent wear on 
cnhbmg. In orebodies 100 ft or more wide, mam laises may be 50 ft apart, branch raises 
splitting the intervening pillar. Inclination of ranos is 55°-90°, 05^^ slope has been found 
best for ore-passes. Vert .spacing of sub-lcvcls is 18 -25 ft. OrelxxUes 5-50 ft wide are 
oiKiiied on sub-levels by drifts; wnder Inxlies, by crosscuts 25 ft apart, witli a connecting 
diift along line of raises. Minino. Slice-drifts are S by 9 ft, tirnlxjred with 7-ft posts 
and caps. Scrapers are iLSixl Ixith in advancing slu'c-drifts and m cavmg-back work. 
In nairow orelx>dies, caving starts midway betwwn raises, max economical scraping dis- 
tance being 100 ft. If ore is no wuler than the drift, back lagging is removed between 2 
sets of timber and a G-ft round drilled m the Imck. .Vfter blasting, miners stand on the 
broken ore to drill next cut, which is fanned out parallel to drift. Before this is blasted, 
3 or 4 back-lagging polos are replaced to prevent premature nms of gob. When second 
cut roaches the caved sub-level alxive, ore from lx)th cuts is scraped out. In wide ore- 
bodios, slices run across them, sub-levels being spaced vert on l8-ft centers and horiz 
on 25-ft centers. Gaving-back follows typical Gogebic practice (Fig 515L Miners work 
on contract; when slicing, rates are lower in wide orebodies, higher in narrow ones. In 
1929, production averaged 6.71 tons per man-shift underground; dynamite consump- 
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tion (60% in development, 40% in stoping) was 0.71 lb per ton; timber, 3.35 bd ft 
per ton. 

Newport xnine, Ironwood, Mich. Data from B. W. Vallat in 1911 (76). This ex- 
ample, though old, is retained to show variations in main-level development, sub-levels 
arranged for hand shoveling, and work at top of orebody. Entry was by inclined shafts in 
country rock, parallel to footwall dipping 68°. Fig 516 shows usual main-level develop- 
ment; where possible, drifts and crosscuts were driven on sides of 100-ft squares, but 
waste horses caused local variations. Vertical raises were 50 ft apart along drifts and 

IS 100 900 800 400 900 800 700 800 900 1000 1100 1200 1300 1400 1500 IGOO 



Fig oK) Newpoit Mine, Pl.in of 17th Level 

crosscuts. Sub-levels were 15 ft apart, beginning 18 ft alwve mam level, where a thicker 
pillar was left to protect haulageways. Sub-levels were opened by connecting the laises 
with drifts and crosscuts; the 100-ft pillars so foiraed weie subdivided into oO-ft pillars, 
just before mining began in any aica (Fig 517). 

Slicing and caving were carried on in sections 300 to 400 ft long by full width of deposit. 
The contact between oie and rock at top of orebody pitched eastward The first woik on 
any sub-level started at its eastern end; an area 300 ft long was subdivided into 50-ft 
pillars (Fig 517). Slice-drifts (cro.sscuts) A and B (Fig 518) were diiven m Hucce8.sion 

across a pillar on hanging-w all side. Men working under 
protection of the timlx*is m B drilled short holes in the 
ore above A, to break it clean without distuibing the 
capping; the .sets were left to stand if they w’ould The 
floor of A was then covered with old lagging, blocking, 
etc, which, with the slice-sets, staited the mat, on which 


Fig 517. Newport Mine, Plan of Fig 518 Newport Mine, Slicing and Stripping under 
Part of a Sub-level Capping 

the unsupported capping kept shelling off. Slice C was then driven, the ore over B was 
taken down, and so on over the whole area of sub-level. Meanwhile, areas 300 ft long 
to the west on same sub-level and 300 ft long to the east under the capping on next lower 
sub-level were developed (Fig 519). Slicing and stripping under gob proceeded as in Fig 
611. On sub-levels, ore which could not be shoveled to raises was handled in 0.6-ton cars 
(“buggies") on 8-lb rails, with turn-sheets at intersections of drfts. In 1910, Newport mine 
produced 1 074 800 tons in 307 days, using 0.608 linear ft of round timber and 0.0049 cord 
of lagging per ton. 
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Montreal mine, Gogebic Range, Wis. Data from R. A. Bowen, Asst Supt (292) in 
1938. Ore occurs as concentrations of hematite in pitching V-shaped troughs formed 
by intersection of dikes with quartzite or slaty sedimentary formation. Formation dips 
about 62° N; dikes, 45° S; troughs pitch about 16°. Orebodies up to 180 ft wide and 
1 400 ft long are scattered along 2 miles of formation. Ore is “soft,” of olaylike consistency 
which 18 quite strong and permits relatively large openings. Capping is weakened longit 
by mterlaminated ore seams, and transversely by cross-jointing planes; otherwise it is 
strong and hard, and breaks without producing very large blocks or much fines, tending 
to arch and hang in cav- 
ing. The part of capping 
in direct contact with oio 
is high enough in iron to 
permit some ore dilution 
without destroying com- 
mercial value. Develop- 
ment. Entry is by vert 
shaft in footwall. Haul- 
age levels are I.IO ft 
apart, sub-Ie\el interval, 

50 ft. Haulage levels are 
developed by a drift I) 

(Fig 520) within footwall, 
from which crosscutsX are 
turned off to cross orebody 
at 300-ft intervals. Mam- 
level entries are either gunited or timl>ered with battered sets, 5 ft c~c, with 8-ft posts and 
caps, 11-13 in diam. Near the footwall, a “loading drift” E, about 50 ft long, is driven in 
one direction fioiii each crosscut, elev’ated 4.5 ft al>ove rail in crosscut. Opixisite the 
entrance to each loading drift a short drift runs in the other direction to accommodate a 
scraper hoist. From each loading drift a double-cornpt cribbed “mining” raise 72, 4 by 
4 ft inside each compt, without chute pocket, is driven at the footwall inclination to the 
second sub-level, 100 ft alnive. All ore from the mining raises is scraped through the 
loading drifts to cars in the cioascuts. Nearer the center of the orebody, from drifts similar 



Fig 519 Newport Mine, delation between Work on Sub-levels. 
(Vert longit sec, vert scale exaggerated) 


Longitudinal bedding fault 



Fig ."20 Montreal Mine, Orncrnlixed Plan of H.aulage Level 

to the loailing drifts, a second raise S is driven to handle materials and servo as travelway 
and airway. Other raises within the footwall connect the mam levels for ventilation. On 
the sub-levels, a “slushing” drift T connects the mining raises (Fig 521); crosscuts U 
connect the various raises serving each main crosscut. The ore is blocked out in 50-ft 
pillars along the strike, formed by 2 crosscuts V at 25 ft c~c, each 12.5 ft from the center 
line of pillar. Sub-level entries are tiral>ored with battered sets 5.5 ft c-c, with 8-ft 
posts and caps. Stoping and caving. Mining starts in a pillar midway between 2 
mining raises, developed by the 2 crosscuts V. A manway is raised midway between crossh 
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cuts to a point 26 ft above the sub-level and a small, untimbered sub-crosscut Y is driven to 
the ore limit (Fig 522). Beginning near the ore limit, openings W from the inside of each 
crosscut are carried up, enlarging as they progress, until they hole through to one another 
and connect with the manway. Thereafter the “stope” is enlarged by narrow benches. 
As “slice” holes are blasted in the sides, the back caves down until it arches over the added 
width of opening created. The operation is thus carried on until the protecting shell of 
ore around the stope is very thin. The gob is usually exposed in several places before the 
stope begins to show weight. At this stage, any supporting riba are cut, and caving or 


Longitudinal bedding fault 



Fig 521. Montreal Mine, Generalized Plan of Sub-level 

“dropping” starts. Caving is gradual and may continue for several shifts. By successive 
mining and caving, the pillar is mined back to the “slushing” drift T, arid any ore on the 
footwall side is also stoped. The drift is well propped for passage of air after mining is 
finished. In sub-level work, a “task” for 2 men in advancing a heading is 5.5 ft per shift, 
for driving 2-compt raise, 4.5 ft per shift. In stoping, the task is 40 tons per man-shift, 
including slushing. Bonus is paid for work exceeding “tasks.” Miners work in pairs; 
2 pairs together in a stope (pillar), one slushing while the other drills and blasts. A 
slushing drift with one stope in operation, and enough crosscutting to keep ahead of 
mining, produces about 6 000 tons per mo, working double shift 5 days a week. 




Fig 522. Stoping Procedure, Montreal Mine 

Chandler mine, Vermilion Range, Minn (153, 183, 287). Orebody occurs in a flat- 
dipping trough (Fig 106, Art 14) capped by jasper. Ore is hard hematite, though shattered 
and broken, and machine-drills are often needed in diiving main levels. Fig 106 shows 
mode of entry and position of levels and subs. Down to 8th level, main levels were 50 to 
76 ft apart; sub-levels, 12.5 to 15 ft apart. Ore in the legs of the trough was about 70 
ft thick; main levels usually comprised 2 drifts, near the walls and connected at intervals 
by crosscuts. Raises were spaced 60 ft apart along drifts. Sub-levels were opened, 
sliced and stripped, as described in text accompanying Fig 512, Art 76. Sets in sul)- and 
main-levels were 3 to 4 ft apart; top lagging was used in all drifts; little side lagging was 
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needed. No floors were laid in slices. Barrows or small cars (buggies) were used on sub- 
levels. Below the 8th level, shaft stations were cut at 20-ft vertical intervals; intermediate 
levels were of same size as main levels (Fig 106). Ore 
on each intermediate level was cut into pillars by drifts 
and crosscuts, and mined as on upper levels. This 
saved many raises and allowed greater use of cars 



instead of barrows. 

Scraping in mines developed for hand loading (482) 
involves use of slides for loading cars (Sec 27) , or right- 
angle turns in scraper leads due to spacing of raises. 
Fig 523 shows a plan to overcome these difficulties in 
heavy ground. Level interval is 110 ft; main levels 
comprise parallel drifts 50-75 ft apart, from which 
2-compt raises C are put up 33 ft apart; sub-level 
interval, 18 ft; bottom sub, 20 ft above main level. 
Short branch raises B are put up to each sub-level 
from chute compartments of mam raises. Branch 
raises start from horizon of next lower sub-level. The 
drift-slices are on 11-ft centers (see dotted lines); each 
has a raise opposite its entrance, into which broken ore 
is scraped. Fig 524 shows a variation of this plan, used 
in firm ground where the sub-level drift E may be 



HORIZ see Y Y THRO* 
SUB -LEVEL DRIFT 


Fig 523 (Diagrammatic) 


driven before slicing starts on the sub above. Vert raises R are put up to the upper 
sub opposite each slice-drift, and timber slides S convey broken ore to main raises C. In 



Fig 524 Vert 8<*c through Sub- 
level Drift (diagrammatic) 


another variation, mam raises are 50 ft apart and 
branched as m Fig 523, to come out on the mining sub 
at intervals of about 17 ft. Slice-drifts (10 ft wide at 
bottom) are started opposite raises; half the pillar on 
each side of a slice is drawn when slice is stripped. 
In these variations, the scraping hoist is located at 
the raise and broken ore is scraped directly into it. 
Such direct scraping gives outputs loaded per contract 
crew from 75 to 100% greater than in hand-loading 
contracts. 

Fig 525 shows a more elaborate system of branched 
raises, to permit use of scraper loading in sub-level 
caving of a large orebody, originally developed for 
hand loading. Main levels, 110 ft apart, comprise 


parallel drifts L on 65-ft centers; raises R arc inclined 65° and 33 ft apart. On third 


sub, 56 ft al>ove the mam level, the raises are connected by drifts D, parallel to drifts L. 


From alternate raises along drift D, 2-compt raises E, 
also inclined 65°, are put up to top sub; 4 by 4-ft branches 
F are driven from the horizon of the sub Wow to top 
one. .'V greater width of ore may reipiire an extra drift 
as at 6’, and the raises H. On top sub-level, crosscuts 
(\ 60 ft apart, are driven to connect fops of the raises. 
Slices 33 ft long are driven from crosscuts, as at S\ inter- 
vening pillars are drawn as slices are stripped. Added 
rai.Hc.s are put up to servo lower suWevels, as shown by 
dotted lines m Sec XY. This provides short straight 
hauls for scrapers; it n'quires a large footage of raises 
and drifts. Width si'rved by a given set of main raises 
decreases on successive subs; on lowest subs in a lift, 
other methods must be used for handling part of the 
ore. 

Radial slicing, dovoloi>ed by Oliver Mining Co on 
Vermilion and Gogebic Kanges, avoids 90° turns in 
scraping and also branched or other closely spaced raise.s. 
Doiible-compt, 4 by 8-ft raises, on 33-ft centers, are 
put up from main lov’d drifts, which are 65 ft apart; 
sub-level interval, 18 ft. On each sub-level the raises 
are connected by drifts and crosscuts, dividing the ore 
into blocks about 25 by 55 ft in horia sec. Successive 



VERT SEC X Y 

Fig 525. Sub-level Caving. 
Branched Raiaes (diagrammatic) 


operations in each block are shown in sketches A to F, Fig 526. A is the first slice-drift. 


Without removing timbers, the left half of the back of last 3 sets included in shaded area 
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(1) is then caved. In B, posts a and h are removed and the caps supported by center props 
a' and 6'. From this opening a diagonal or radial slice is started, which clears first slice- 
drift in a distance of about 15 ft and then continues parallel to it. Rail or plank are 
spiked to inside of posts at the curve, about 6 in from bottom, to guide scraper around 
the corner. Shaded area (2) is then stripped, 1 set at a time, by removing a few side or 
top lagging, and blasting or barring down the back. In stripping, only the ore which can 

not bo reached from the 


Succeeding slice is taken; 

ground as 
possible is left over the 
f'.'iYt ^ ‘ gSjf ' miners. The back is usu- 

' caved for 2-2.5 ft 

Broken timber and rock 
'A* ' from the cave are thrown 

.■ ^ ' into first slice-drift and 

• it.. V ' •,■==■:." -/>v# ‘^:b— flf" Il^L help keep posts from mov- 

T1 TH m "T| H riif iij ir JJI 1 mi) bUco is started by taking 

1| ji P P,^0 % .,111 I .M Jl . )( ■.. , I mF^ out posts c and d and put- 

^ . . ting in center props as be- 

fore. The back in shaded 
area (3) is caved into this 
slice. In />, a 3rd diagonal 
M slice IS started by changing 
the timbering at the raise 
ns shown, taking out posts 
e and / and placing center 
props c' and /'. This slice 
extends from the raise to 
lfa“j opposite corner of block; 
the back in shaded area 
) (4) is caved into it. Sec- 
* F ' f*on A A, Fig 527, shows 

Fig 626. Radial Slicing (diagrammatic) that this slice yields a 

much larger tonnage than 

the others. In E, the 4th diagonal slice again requires changes in timbering as indicated; 
the back, shaded area (5), is caved into this slice. In F, the last diagonal slice is started 
by making the changes indicated in drift timlxjrmg, and the back included in shaded area 
(6) is caved. Remainder of the back, shaded area (7), is 
caved into the crosscut. This general plan is modified in 

detail as required by conditions. Some operators state that '' 

radial slicing requires more timber than work with branch 

raises. Compared with regular slicing and hand loading, 

radial slicing increases production per man 75-100% and 

reduces time to mine a block, hence decreases timber 

repairs. Table 50 compares hand loading in rectangular 

slices with scraper loading in radial slices at same mine. ' ^*^526 B 

In radial slicing, the production of a 2-man contract w ith 

double-drum scraping is 20-30 tons j^r shift during slicing-in, and 30-100 tons per 
shift during stripping; aver output for both slicing and caving, 30-40 tons per 
shift. 





«88 


Radial Slicing (diagrammatic) 




Fig 527. Vert Sec AA, of Fig 
526 B 


Table 50. 


Sub-level Caving. Comparison of Regular Slicing and Hand 
Loading with Radial Slicing and Scraper Loading 



Regular, 

hand 

loading 

Radial, 

scraping 


Regular, 

hand 

loading 

Tons mined 

10 992 


Tons per timber set 

76 87 

Man-shifts 

1 344 


Tons per prop 

112 16 

Timber sets 

143 


Sets per 100 tons 

1 30 

Props 

98 

46 

Props per 100 tons 

0 89 

Tons per man-shift 

8 18 

18 5 

Lagging per set . . 

1/4 cord 


66 75 
323 6 
I 5 
0 31 
3/ifi cord 
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Miscellaneous examples. Fig 528 shows application of scraper loading in mining 
one leg of a trough-shaped deposit. The ore, about 15 ft thick, lies on a dike dipping about 
25°. A tramming drift A was driven; back of drift was cut out at intervals of 25 ft, and 
from these openings inclined slice-drifts B, 7.5 ft high by 8 ft wide, were run to limits of 
the ore. Stripping retreats from upper end of slice-drift; the back and half the pillar on 
each side of the slice-drift are caved into it; broken ore is scraped to a chute, which loads 
a car on the tramming level A. Aver output per man-shift, 18 tons. 



Fig 52^. Scraper I.oufiiue in Trough- 
s>hap€*cl Depotiit 



Method shown in Fig 520 was used to mine an orebody 60 ft wide. Main levels and 
raises from them were m football, which was lean ore (35% Fe). 8u}>level interval, 20 ft; 
sub-level develojiment comprised crosscuts 50 ft apart, run from each raise to hanging 
wall Sluing started at hanging wall; the back of crosscut was cut out and a slice-drift 
was driven fiom the ciosscut. Hroken ore was scraped from slice-drift into a car standing in 
the crosscut, (( 'omjiare with sub-gangway used in top-slicing at Copper Queen mine, 
Art 70). 


77. SUB-LEVEL CAVING IN UTAH AND ARIZONA 

Mercur, I’tah. OREnoniEs arc low'-grade gold and silver-bearing replacement deposits 
in tough, haul Imie.stone, underlying sheets of porphyry which follow the limestone bedding 
planes on both strike and dip. There are several sheets of porphyr>% and in places cor- 
resiMindmg parallel orelwulies ovei lying each other. Deposits are 4 to 70 ft thick; dip, 
0° to 30°. Ore is usually soft, sometimes like clay; drilling is done single-hand or with 
augers; 30% dynamite is used. The porphyry hanging w^all is blocky and generally 
caves readily. Practice of OiNson Mercdr CIolu Mines Co is described below; this 
company suspended operations in 1913. Development. Entry w'os by a compound 
shaft (Art 16), the lower part being vertical; at each level a ci-osscut was run through 
the oi-ebodies, with a drift along each body. Inclines w-oro often sunk in ore from main 
levels and drifts turned off from them alternately to right and left at 50 ft apart, measured 
on dip. Thin hkdh (less than 20 ft thick, description by G. H. Dern, Bib 295). Fig 530 
shows part of an oreshoot cut off on one side by a fault. Crosscut C was driven to footwall 
and a rai.se U followed the fmitwall to level alxive. Sub-levels, 4 by 6-ft, driven on footwall 
to the fault at 15-ft intervals, w'oro timliered w'ith .3-piece sots and lagged. An area thus 
optmed was allowed to stand sometimes 2 or 3 months, so that pillars l>ctween subs would 
crush and Iiocome well broken; during this period, sub-levels were kept open by easing 
timbtTS where necessary. Mining liegan at fault on sub No 1, by pulling out a set of tim- 
ber; as the ore caved it w'as shoveled into a car and trammed to raise R, or to special 
chutes provided for this purpose. A little blasting was required, to bring down ore and to 
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blockhole boulders. When waste rock appeared, the miner retreated one set and repeated 
operation. When sub No 1 had been drawn back 10 or 12 ft, work started in same way 
in sub No 2, and so on in lower sub-levels. If two orebodies occurred, the upper one was 
mined first. Advantages claimed for the method were: small timber and powder con- 
sumption, safety, high extraction, clean mining. It was not applicable to deposits over 
15 to 20 ft thick. Thick beds could be mined in 15-ft layers or slices parallel to hanging 
wall, by methods described above. Hanging-wall slice was taken first, followed by lower 



Fig 530. Mercur, Utah. Sub-level Caving Fig 531. Mercur, Utah Sub-level Caving 


slices as ground above them was worked out and caved; eventually mining proceeded 
simultaneously m all slices (190). 


Fig 531, from R. H. Allen (296), shows another form of sub-level caving, for l:>eda up to 
70 ft thick. Main levels consisted of parallel drifts D, connected by crosscuts C, 25 to 50 
ft apart. Raises were driven between crosscuts. As the minimum angle on which 
ore will slide is greater than the dip, new raises had to be started on footwall side of higher 
sub-levels, as at T. Raises nearest footwall had chute and ladderway compartments; 



others had a single chute-compart- 
ment. Sub-levels were 14 ft apart 
vertically; sub-level development 
consisted of diiving ciosscuts S 
from each raise to foot and hang- 
ing walls. Mining began on the 
highest sub-level; ends of crosscuts 
next to hanging wall were widened 
out until two or moie crosscuts 
were connected, the roof of excava- 
tion being temporarily supported 
by Stulls. To start caving, a few 
holes were drilled in the back next 
to the hanging wall. Pillars be- 
tween crosscuts were worked back 
toward footwall by driving succes- 
sive slice-drifts, 6 or 7 ft high, 


Fig 532. Arizona Copper Co, Sub-level Caving across them; slices were timbered 


with 3-piece sots. Ore was hand- 
led to chutes in barrows. Shoveling along face of cave was stopped when much waste 
appeared, and a new section of the back was allowed or forced to cave, a safe working 
place being kept open along faces of pillars. Drilling was all done by hand, no heavy 
blasts were fired, and light timbers were adequate. Caving was not started in any area 
until the sub-level above had been worked back to footwall; by mining ore in blocks, caving 
could be carried on simultaneously on several sub-levels at different points along the strike. 
Thickness of ore caved on each sub-level was 4-7 ft; thus, 30 to 50% of orebody was broken 
by caving; remainder was obtained in drifts and slices. Results of work indicated that a 
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12-ft interval between sub-levels might be better; a 4-ft back could be kept under better 
control and gave higher extraction than a 7-ft back. It was difficult to extract all ore 
along footwall, especially where dip was flat. Where this method was used, ore was fairly 
firm, hanging wall weak. Timber and powder consumption were low; labor cost, high. 
Daily output, 700-800 tons; output per 8-hr man-shift underground, about 2.5 tons. 

Arizona Copper Co, Moreflci, Ariz. Fig 532 (P. B. Scotland, 1915) shows a method 
once employed in upper part of an orebody preparatory to top-slicing. Sub-levels were 
20 ft apart vertically; intermediate hand-tramming levels, about 75 ft apart. Interval 
between raises, 20 ft; ground was mined in blocks 40 ft wide. No mat was used; grade 
of ore recovered was seriously decreased by mixture with waste (178). Van Barneveld 
(482) cites use of a similar variation of sub-level caving on Gogebic Kange, using branched 
raises to reduce handling costs. 

78. SUMMARY, SUB-LEVEL CAVING 

General. Sub-level caving is adapted to large-scale work in large, weak orebodies 
(see Suitable orebodies, Art 75). It is safe, and when properly conducted will yield 
a high extraction and produce clean ore. Disadvantages are in genered the same as for 
top-slicing (Art 74) ; see comparison below. 

Requirements (a), (6), (d) and (/) for top-slicing (Art 74) apply directly to sub-level 
caving; other essentials for the successful application of sub-level caving are; (a) Weight 
of caved ground is necessary on top of workings, and orebody must be wide enough to 
permit free descent of gob. (b) Waste, if in large amounts, prohibits sub-level caving, as 
it can not be stowed underground. Waste horses must be broken unless large enough to 
divide the deposit into sections which can be worked independently. Some grading of 
iron ore is possible, (c) Boundaries of orebodies should be fairly regular. 

Sub-level caving vs top-slicing (Art 74). Relative advantages of sub-level caving; 
(a) Cost of breaking ground is lower. (5) Less timber is required, (c) Larger daily 
output is possible from a given area, (d) Natural ventilation is generally better, and there 
is less timber to bo hoisted to working places; local conditions and plan of work determine 
whether sub-level ca\nng has any superiority in these respects. Relative disadvantages 
of sub-lev'el caving: (a) Percentage extraction is slightly less, and there is always a greater 
chance of losing ore. (b) Mining is not so clean; more waste is mixed with ore. (c) Leas 
sorting is possible in slices; grading of ore is more difficult, (d) Caving of overlying 
ground is not under such close control. 

Factors of relative cost, percentage extraction, clean mining, and control predominate 
in making a choice. Top-slicing is better in very soft ground. It is used where its higher 
extraction produces ore rich enough to offset its higher cost, and where admixture of 
waste would lower the metal content of ore sufficiently to impair its market value. Under 
other conditions, sub-level caving is preferable. Block-caving is a possible alternative 
for sub-level caving (Art 82). 


79. BLOCK-CAVING 

General. Large sections (blocks) of the orebody, sometimes to a height of 400 ft or 
more, are successively undercut and allowed to slough and cave above the undercut por- 
tion. Drawing off the caved ore causes further caving, often aided and controlled as to its 
lateral extent by weakening the boundaries of the block by narrow shrinkage stopes or 
superimposed cut-off drifts. The ore caves and crushes by its own weight and weight 
of overlying capping into pieces of suitable size for handling. Caving usually extends 
eventually to the surface, the overburden settling as support of the underlying ore is 
removed. Drawing continues until appearance of overburden material at drawpoints 
indicates exhaustion of the ore. This method is a natural development of sub-level caving 
(Art T.") -78) , through gradual increase in height of ore caved in one operation. Some pillar- 
caving methods (Art 84 -87) may be considered as varieties of block-caving. Following 
paragraphs ])resuppoae a knowledge of details obtainable from Art 80. 

Suitable orebodies are wdde veins, thick IkkIs, or massive deposits of homogeneous 
ore, overlain by ground which will cave readily. The ore must be such that it can be 
supported while blocks are developed and undercut, and will break up when caved. For 
other requirements and limitations, see Art 81. The chief field of use in the U S is in the 
Lake Superior iron districts and the “porphyry” copper mines. 

Varieties of block-caving. There are 3 distinct forms; (a) Dividing horiz area of ore- 
body into rectangular or nearly rectangular blocks, often square, drawing evenly over 
entire area to maintain an approx horiz plane of contact between broken ore and caved 
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capping, (b) Dividing horiz area of orebody into panels, either crosswise or lengthwise of 
orebody, retreating from one end of panel to the other and maintaining inclined plane of 
contact between broken ore and caved capping, (c) No division of horiz area of orebody 
into definite blocks or panels; undercutting may be from wall to wall, with retreat from 
one end of orebody to the other, maintaining inclined plane of contact between broken ore 
and caved capping. 

Under (a), the Pewabic (Art 80) was the first used and is the type form from which 
other varieties of block-caving have been developed. Blocks wore undercut on main 
levels and ore was handled by shoveling in drifts driven through the caved mass. Present 
practice in all forms of block-caving is to undercut on a sub-level, and draw caved ore 
through vert or branched chute-raises to tramway level below; these methods are called 
“block-caving into chutes.” 

Development must be suited to the characteristics of the orebody and form of block- 
caving used; typical examples are given in Art 80. Remarks in Art 70, 75, on modes of 
entry, and layout of main and sub-levels, for top-slicing and sub-level caving, apply in 
general to block-caving. 

Size of blocks. (See Table 51). Ratio of ore bioken by caving and by blasting 
depends chiefly on height of block; hence, high blocks are desirable; they also reduce cost 
of development per ton of ore. Max practical height depends on thickness of deposit, 
dip of orebody, and character of ore and capping; best guide is experience elsewhere under 
similar conditions. Among “porphyry” copper mines using block-caving, height of blocks 
has increased from less than 100 ft to over 300 ft in some cases; King (asbestos) mine, Que- 
bec, has caved successfully blocks 400 ft high. As to horiz area, tendency of Miami 
Copper Co has been to reduce size of individual blocks; original practice of undercutting 
from wall to wall and retreating from one end of orebody to other was gradually modified 
to mining of blocks 150 ft square, largely to reduce maintenance of development openings. 
F. W. McClennan states (283) that size of block should be large enough to cause the ground 
to cave freely when undercut and small enough not to throw excessive wt on the extraction 
openings below; that is, it is a compromise between free caving and low maintenance cost. 
Such compromise is sought at some mines by caving in panels, where width of block may 
be 75-200 ft, but length determined by length or width of orebody. 


Table 51. Size of Blocks in Block-caving (Details in Art 80) 


1 

Mine j 

Width, 

ft 

Length, 

ft 

Height, 

ft 

Mine 

Width, 

ft 

Length, 

ft 

Height, 

ft 

Pewabic 

200 (a) 

200-250 

100-125 

Miami . 

150 

150 

300 -f 

Menominee Range (6) . . 

250 

250 

100 

Inspiration 

100 (;) 

100 (j) 

200 (/) 

Tobm (Menom R) (c) . . 

100 

200 

125 

Ray . 

200 

200 

150-300 

Mowry. . . . 

65 (a) 

180 (d) 

150 

King. 

160 

160 

400 

Humboldt (above 350 ft) 

150 

(e) 

30-100 

Andes 

1 10 

132 

175-250 

Humboldt (below 350 ft) 

112 

200-400 

100-180 

Climax 



400-600 


(a) Width of orebody. (6) One mine, (c) Largest block caved up to 1912 (d) I>cngth gf 

orebody. (e) See Art 80. (f) Aver; varies 70-300 ft. 0) Usual size; for exceptions, see Art 80. 


Timber mats for separating capping from caved ore are rarely feavsible in block-caving. 
They may be formed as described in Art 70, but can not be built up nor repaired after 
caving begins (Detroit Copper Co, Art 80). Miami Copper Co tried block-caving under 
a heavy timber mat formed in mining upper part of an orebody by top-slicmg (Art 70). 
The timbers reached the chutes before all the ore was drawn and had to bo transported to 
surface; many timbers were blasted out of the chutes (601). 

Extraction. Figures of percentage extraction attained in block-caving are necessarily 
based on estimates of original tonnage, assay value, and metal content in the caved 
area (collectively called the expectancy); hence, the accuracy of extraction estimates 
depends in part on accuracy in expectancy estimates. 

I See Sec 25 for methods of estimating tonnage and value of ore in place. In porphyry 
copper mines, drill holes (Art 10-b) and (or) underground workings supply data for sections 
from which expectancy estimates are made. At Miami, tonnage estimates are made from 
vert sections 25 ft apart and parallel to direction of the drawing operations; ore limits on 
these sections are obtained from sampling the final drift and raise development, of which 
there is an aver of 1 ft per 47 tons of ore in place. Assay value calculated from samples 
Ss reduced 10%, based on previous experience in checking actual against sampling values 
when mining large tonnages by top-slicing, where there was no dilution by waste CpOl). 
Practice elsewhere is similar. 

' There is less chance of error in determining actual tonnage extracted and its assay, as 
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these figures are usually obtained by mechanical samplers and weighing devices at mills, 
and are accurate in total even if the distribution of tonnage to individual blocks or chutes 
is in error. Careful records of amounts drawn from chutes are essential, to permit calcula- 
tions of position of the caved overburden and control its subsidence; for practice, see 
Humboldt mine below, and Miami mine, Art 80. 

Figures for tonnage, grade (assay), and metal extraction are all required to give a clear 
picture of extraction. Tonnage extraction is usually larger than tonnage expectancy, 
because in block-caving there is always some dilution by waste; for same reason, grade 
extraction is usually lower than grade expectancy. Metal extra citon is the total 
metal in ore extracted; if the capping or walls of orebody are partially mineralized, metal 
extraction may be higher than expectancy, in which case grade extraction will be lower 
than expectancy. Correct figures for extraction by block-caving can not be obtained 
until sufficient area has been mined to give proper weight to clean ore from development 
openings and temporary pillars left over main and sub-levels, etc; in the porphyry coppers, 
final extraction is not determined until a section of the deposit has been bottomed. 

Extraction results. Table 62 shows range of tonnage and grade extraction as experi- 
enced at Miami mine. From F. W. McClennan in 1930 (283). 


Table 52. Extraction Results at Miami Mine (See Art 80 for conditions) 



Expectancy 

Mined 

Per cent extraction 


Tons 

Cu 

Tons 

Cu % 

Tonnage 

Grade 

% 

Metal 

% 

Total of 13 completed 
slopes . 

1 1 038 070 

1 0260 

12 710 378 

0 9124 

115 15 

88 93 

102.40 

Best original atope .. 

998 016 

1 0388 

1 210 424 

1 0091 

121 28 

97 14 

117.81 

Best pillar stope 

319 560 

1 0640 

387 827 

0.9348 

121 36 

87 86 

106.63 

Poorest original stope 

I 071 535 

0 8701 

1 053 153 

0 7786 

98 28 

89 48 ! 

87.94 

Poorest pillar stope 

I 098 313 

1 1067 1 

1 025 032 

0 8995 

93 33 

81 28 

75.86 


Note Poorest pillar stoiMJ was 150 by 300 ft m plan, best pillar slope, 150 by 150 ft. Tonnage 
expectancy figures clo not include narrow “partitions” between certain blocks. At the Ruth mine, 
Ely, Nev, the results of drawing 10 000 000 tons of ore show a metal extraction of about 87%, with 
a tonnage extraction of 101%, (data from Co officiala in 1938.) 

Ore drawing. Chief cause of poor extraction is dilution by waste during drawing; 
dilution depends largely on. (a) nature of ore, walls and capping; (b) spacing of draw 
points; (c) experience and care in di awing; (d) extent to which gob is consolidated in 
adjacent mined-out blocks. F. W. McClennan (283) gives following 2 principal objectives 
in drawing, saying that in piactice a compromise between them is reached: (1) To draw 
a max ore tonnage with minimum dilution by w^aste capping, the ore should be drawn 
evenly, so that the contact between broken ore and broken capping wdll be an even plane, 
jirefcrably honz. (2) To regulate the drawing so as to avoid or relieve damaging weight 
on oxti action openings below' the broken ore, thus reducing maintenance and ore-drawing 
costs and interference with the predetermined order of ore drawing. 

Theoretically, closely spaced chutes, from which ore is drawn carefully and evenly over a large 
area under a high block, should gi\e inin dilution and max extraction. In practice, the difficulty and 
cost of keeping diifls and chutes open in large drawing areas under caMng ground generally pre- 
cludes such plan. In block-caving m panels it is customary to undercut the ore in small sections, 
retreating fioin one end of a block to the other. The drawing area is bounded bj' the line acioss the 
block on which undercutting is being done, by the 8ide.s of the block, and by a line of chutes across 
the block on w'hich the oie has been drawn to capping, or to the minimum allow’able grade of diluted 
ore Working thus, the contact between top of caved oie and overlying caved w'aste is kept as nearly 
a plane as possible, but the piano is inclined, not lioriz, sloping at 30®-60°. Factors influencing slope 
are summarized by M. Mosier and J. Martin for Humboldt mine, Moronci, Ariz, as follows (600): A 
honz contact is desiiable to maintain a flow of clean ore through chutes with minimum dilution, but 
requires maintenance of a large area of tramming level to produce a given output, also large w'orking 
capital. A nearly vert slope would minimize wt on drifts and cost of maintenance, but would increase 
dilution to an impossible max. Between these limits is an angle, which, while allowing moderate 
dilution, permits a caving area large enough to furnish the scheduled daily tonnage without excessive 
repair costs. Factois influencing choice of angle are: characier of ground, method of caving, thick- 
ness of pillars between drawing points, grade and character of overburden, output required, and size 
of drawing area. 

An aver slope of 60° was found best for conditions at Humboldt mine; if wt on workings grew 
excessive, the drawing area was reduced at times by steepening the slope to 70*^ (Art 87) Slope of 
contact between broken ore and waste (“angle of retreat”) was calculated on the assumptions; (a) 
that during drawing, ore and waste traveled on vert lines; (6) that the relative sp gr of solid and 
broken ore measured the relative space occupied by each. In this case, the ratio between space ooou- 
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pied by solid and broken ore was 12: 20. Vert sections were made through each line of drawing points 
at right-angles to line of retreat; the theoretical results of drawing were plotted on these and the angle 
of retreat was measured. Position of cappmg or waste was known before undercutting and cavmg 
began. As undercutting proceeded and ore was drawn, room was made for the expansion of solid ore 
from 12 to 20 cu ft per ton; as drawing proceeded, this expansion reached the top of the ore. Further 
drawing caused the waste to move downward; assuming the movement to be vert, the amount of 
ore drawn from a line of chutes measured the distance through which the contact between ore and 
waste dropped. Experience at Humboldt mine proved that the “draw charts” so made were fairly 
accurate; waste appeared at the chutes very close to the expected time. 

The drawing area in a block of given width is determined by distance between the toe of the 
waste-ore contact A (Fig 533) and the point B, at which undercutting is completed. If ore caves from 

the brow BC as fast as broken ore is drawn be- 
neath it, the angle of the brow may also be con- 
trolled through regulated drawing. The brow 
may be vert or as flat as 30®, depending on char- 
acter of ground and overburden and relative 
speeds of drawing and undercutting. A long 
overhanging brow may throw wt on adjacent 
workings; this is relieved, without decreasing the 
broken ore available, by driving a transverse 
shrinkage stope S (Fig 533) at front edge of the 
undercut area. If chutes under the brow are 
drawn more rapidly than ore will cave from the 
brow, an opening is formed through which waste 
flows from above. At Humboldt mine it was 
found that the sloping contact between broken 
ore and waste should not intersect the overhang- 
ing brow, else some ore at upper end of brow would be lost; depending on height of block caved, the 
distance CD should be 20-50 ft. 

Models may aid in determining best methods of drawing; for tests made in 1913-14 for this pur- 
pose at Inspiration mine, see Bib (262). In general, a capping that breaks into fine particles gives 
lower extraction than one caving m large slabs Finely crushed ore may give trouble by packing 
(especially if moist), or by channeling through to capping. For further detail, see Examples of prac- 
tice, Art 80, 81. 



^ Tramming level 


Fig 533. Humboldt Mine, Longit Vert Sec 
through Blocks (diagrammatic) 


80 . EXAMPLES OF BLOCK-CAVING PRACTICE 


Pewabic mine, Menominee Range, Mich. Data from E. F. Brown (299) in 1898 and 
R. B. Bnnsmade (153) in 1911. This form of block-eaving was the first attempted. 
Method was crude as to ore handling, but principles of caving apply in present practice. 

A lens of hard siliceous hematite, about 2 000 ft long by 200 ft wide, and dipping 76° 
to 90°, was overlain by hard, horizontally bedded sandstone; walls were of slate. Block- 
caving was used in low-grade ore, constitut- 
ing most of the deposit; blocks 200 to 260 ft 
long, 100 to 125 ft high and full width of the 
deposit were caved in one operation. 




Pig 534. 


Development for 
Pewabic Mine 


Block-caving, 


” MORIZ SEC Y 2, FtO 534 

Fig 535. Pillars under a Block 


The level interval was 100 to 126 ft. A main haulage-drift ff (Fig 534) was driven in 
the footwall about 20 ft from the orebody. Crosscuts T ran to the hanging wall at the 
ends of the block to be caved; usually 2 intermediate and equidistant crosscuts C were 
run in a 250-ft block. The hanging-wall drift S aided ventilation. At 50-ft intervals along 
crosscuts T, raises R reached to within 20 ft of the level above, with crosscuts F connecting 
their tops. From crosscuts F, underhand stopes, 8 ft wide, were then opened from wall 
to wall and were carried down to crosscuts T. Thus both ends of a block to be caved 
were cut loose from the adjacent ore, except for a height of 20 ft at the top of the block. 
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Meanwhile, a breast stope 7 ft high was carried across the bottom of the block from cross* 
cuts C. Strong pillars P (Fig 635) were left alongside crosscuts T\ elsewhere the block was 
supported on irregular pillars, made as small as was consistent with safety. None of the 
above work required timbering. Pillars were drilled with numerous holes and blasted 
out in sections. The block of ore was then free at the top and bottom, and was practically 
unsupported at its ends. A block took several weeks to settle 7 ft, after which the caved 
mass continued to “work” and crush itself ; in 6 or 8 months, 

80% of the ore would pass a 3-in ring. 

After the ore was sufficiently crushed, timbered cross- 
cuts M (Fig 536) were driven by spiling to the hanging 
wall from the stub ends of crosscuts C; drifts D were 
turned off from Af, every 25 ft. Short crosscuts might also 
be driven at 25-ft intervals from nearest drift to hanging 
wall. Plats were laid at ends of drifts, ore was allowed to 
run in and was shoveled into cars. When waste appeared, 
a set or two of timber was blasted down and drawing re- 
sumed. Work retreated from the ends of the block to 
crosscuts M, which were kept open. Caved ore remaining 
between drifts D was recovered by driving and drawing a 
second set of drifts half-way between Z>; caved ore between 
crosscuts was drawn last. The work of developing and caving blocks was done chiefly 
during the winter months, when Lake navigation is closed; much ore was drawn from 
caved blocks during the summer. 

Variations of Pewabic method differ mainly in details of undercutting the blocks and 
in the mode of isolating stopes. These features are indicated by practice in a large low- 

grade hematite deposit on the Menominee Range, as 
described by R. Meeks in 1907 (300). 

Mam levels, 100 ft apart, were driven in the 
footwall. Ore was caved in blocks about 250 ft 
square by 100 ft high. The ore under a block was 
cut into pillars 30 ft square by drifts and crosscuts, 

7 ft wide by 8 ft high. A narrow overhand stope 
was carried to the level above along both foot and 
hanging walls. Pillars were then removed in slices 

8 ft wide, parallel to the strike. This work started 
in the pillars along the hanging wall and retreated 
to footwall; the back of each slice was allowed to 
cave before starting another. Caved ore was ex- 
tracted as at the Pewabic mine. 

This variation would be used where ore does 
not separate readily from the walls, or where the 
walls are irregular; more isolating stopes might be 
necessary at ends of blocks. Both open and shrink- 
age stopes have been used for isolating blpcks; the 
former are preferred in the Lake Superior districts 
(286). This mode of undercutting blocks allows 
the use of timlx'r for temporary support of ore too 
soft to stand when undercut, as in Fig 535. 

Mowry mine, Arie. Data from R. B. Brinsmade in 
1907 (153). Argentiferous lead carbonate ores occurred 
in irregular steep-dipping pipes or shoots, on a granite- 
limestone contact. The ore was mostly soft and crumbly, 
with much clay, Fe^Os and MnO^. Fig 537 shows method 
of mining a shoot about 65 by 180 ft in horiz section. A 
vert shaft w'as sunk at each end of the shoot; at vert 
intervals of 150 ft, the shafts were connected by drifts 
D, from which crosscuts C, 25 ft apart, were driven to 
the w'alls A square-set stope (.\rt 45), 2 sets high, was 
then opened over the entire area of the deposit. Tops 
of Ist-floor sets were lagged, numerous chute-gates were built in the siIl-Boor sets, and the sidee 
of the Ist-floor sets over the chutes were lagged with 2-in plank. The lagging over the chute-sete 
was then removed and the overlying ore caved into them. By drawing from all chutes uni- 
formly, the ore was caused to settle vertically, and distortion of the seta was avoided; some sets 
always required reinforcement (Art 51). Boulders which clogged chutes were blasted; occasional 
areas of siliceous ore, too hard to cave, were removed by carrying square-sets up to the soft ore above; 
80% of the ore was caved. This is the simplest form of block-caving into chutes. It has a narrow 
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Fig 637. Block-caving into ChutoG, 
Mowry Mine (133) i. 



Fig 536. Extraction Drifts 
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field of use, under rare conditions of ore occurrence. Mining is confined to one lift, though B new 
level can be prepared while caving the ore over the level above. 

Tobin mine, Menominee Range, Mich. Data from F. C. Roberts in 1911 (208). A large, vein-lika 
deposit of soft non-bessemer hematite was mined by block-caving into chutes, as shown diagram- 
matically by Fig 538 (see also Art 43). Level interval, 125 ft. A mam haulage way H was driven 

close to the hanging wall, and cross* 
cuts C were run 24 ft apart to the 
footwall under the block to be caved. 
A small ventilating drift D was driven 
along footwall. Chute-raises R (Art 
67) were put up from alternate sides 
of crosscuts C at intervals of 15 ft to a 
sub-level, which was opened from them 
25 ft above the back of the mam level. 
Sub-level development consisted of the 
drift M, about 15 ft from the hanging 
wall, the crosscuts N, driven to foot- 
wall directly over crosscuts C, and a 
drift S, along the footwall. Raises T 
were put up at 45° from M to the hang- 
ing wall, and opposite each crosscut, 
they caused the ore to cave along a 
plane passed through them, thereby 
leaving an added thickness of solid ore 
to protect the mam haulageway H 
(cross-sec YZ). The tops of chute- 
raises were then connected by drifts P, 
cutting the ore on the sub-level into 
pillars 10 by 16 ft, in strong ore, these 
pillars were cut m two by crosscuts L 
(vert sec UV), The ground at the 
ends of the block was weakened by 
raises F, from crosscuts N . Cro.sscuts F were driven 25 and 50 ft respectively above the sub- 
level. The number of raises E varied according to the ground. The tops of chute-raises were 
funneled, and numerous holes were then drilled m the pillars and blasted simultaneously, allowing 
block of ore above to drop. Through the chute-raise gates caved ore was drawn at as uniform a 
rate as possible over whole area of the block. Caved ore here contained but few boulders, which had 
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M0RI2 SEC W X 
Fig 538. Block-caving into Chutes, Tobin Mine 




I si Stage 




2nd Stage 



VERT 8EC W V 

Fig 539. Block-caving, Morenoi 


3rd Stage 4th Stage 

Fig 540. Stages of Work in Undercutting Sub- 
level Pillars, Morenci 


to be blasted in chutes. Pillars between sub- and main levels were caved with the block below Up 
to 1912, the largest block caved was 100 by 200 ft in horiz section. Very little timber was required. 
Main haulage-drifts were timbered with 3-piece sets; posts, 8 ft long and 12 to 15 in diam; caps, 
10 to 12 ft long and 12 or 13 in diam. In crosscuts, 8-ft piosts and 5-ft caps of 10 to 12-in round timber 
were used (301). 
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Detroit Copper Co, Morenci, Aria. (Part of Phelps Dodge Corp, in which work was suspended 
about 1923). Data from W. L. Tovote in 1910 (280). Development. Main haulageways and inter- 
mediate hand-tramming levels were opened as for top-slicing (Art 73). Two-compartment raises, 
put up to the capping from the highest intermediate level, w’ere 4 by 6 or 5 by 7 ft in section, and 
were at the corners of 30-ft squares or 25 by 30-ft rectangles. Sub-levels S, Fig 539, were opened as 
needed, by driving drifts D and crosscuts C. The vert interval between sub-levels depended on the 
ease and regularity with which the ore broke, it varied from 20 to 35 ft. Caving began at one end of 
the orebody on the highest sub-level. Fig 540 shows the successive operations in any area. Drifts and 
crosscuts, driven through the pillars formed by sub-level development, subdivided each pillar into 
4 small ones P, the sides of which were cut away as much as was safe. Ore in the sub-level floor was 
blasted out around the laises to a funnel shape as at F, Fig 539 Numerous holes were drilled in pil- 
lars P, and S to 10-ft holes, 2 to 5 ft apart, in the backs of all drifts. Timbers were removed from the 
raises ov^erlying a section of a sub-level thus prepared, and all holes fired simultaneously. Caved orb 
WAS DBVW N through the original raises, and through inclined raLses R, Fig 539, called “jigger-chutes"; 
these were iLsuaily untimbered, 
and the round that broke a jig- 
ger-chute through to caved ore V///////////^^ 
was arranged to flare out its top. 

Some ore was shoveled on the 
sub-level to raises near the edge 
of the caved area. Drawing con- 
tinued until a chute ran mostly 
waste. Occasionally boulders 
blocked the chutes and had to 
be blasted General. Fig 539 
show’s block-caving on a sub- 
level 2.j to 30 ft below the cap- 
ping Raises T w'ould have been 
unnece.ssaiy if the contact be- 
tween ore and capfung could 
have been determined otherwise, 
but they were u^eful in weaken- 
ing the ore before caving At 
times (279) the top of an orebody 
was top-sliced (.\rt 73), until a 
heai y timber mat had been 
established To secure the ad- 
vantage of a mat m separating 
ore from waste, a large area had 
to be caved on a sub-level before 
any ore was drawn otT, and 
drawing wiis done uniformly 
from all chutes. PR'cn then the 
mat sooner or later broke up 
and timbers from it often clogged 
the chutes. 

Humboldt mine, Morcnci, 

Ariz. (Part of PhelpH Dodge 
Corp; work suspended in 
1932). Data fiom M. Mosier 
and J. Mai tin in 1925 (GOO), 
and M. Mosier and G. Sher- 
man (99) in 1929. Oio is 
chalcoeitc in porphyiy, carry- 
ing alxnit 1 Cu in area 
formerly mined by block-cav- 
ing; orebody, 2 000 ft long, with max width of 600 ft and vert range of 1 000 ft. Ore is 
highly fractured in all directions, with fracture planes 2-18 in apart and recemented 
with quartz and pynte; fracturing makes ground suitable for block-caving; permanent 
drifts and raises require timbeiing, but temporary workings usually stand well without 
timber. See Art 78 for other methods formerly used. Block-caving in panels, 150 ft 
wide by 30-100 ft high, was used in upper 350 ft of the deposit (Fig 541). Hand- 
tramming drifts T w^ere driven under the panel on 40 or 50-ft centers; from them, at 20-ft 
intervals, raises sloping 33° (“timbered slides") were put up, leaving a 10-ft pillar of ore 
Ixjtw'een tops of slices driven from adjacent drifts (Sec X X, Fig 541). For detail of elide 
timbering, see Bib (600). Next, ‘’hnnkago stopes, at least 6 ft wide, were carried up on the 
ends and along sides of panel, except along boundaries next to worked-out ground. These 
were nil-face 8toi>es, extending to about 8 ft below top of block to be caved; entry to them 
was from the ends of slope. Undercutting retreated from one end of the panel; drifts *S 
were driven on 10-ft centers across backs of the slides; 8-ft holes were drilled in backs of 



PLAN (Tramming level dotted) 
Waste or capping 



50 ’ 50* Tramming 

VERTICAL SECTION X-X 

Fig 541. Block-caving, Humboldt Mine, Morcnci, Ariz 
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drifts S; the 5-ft pillars between drifts were drilled; pillar and back holes in any section 
were fired simultaneously. Drawing. Practice was to draw so that the slope of the 
contact between broken ore and waste was about 60° (see Art 79 for detail). Block- 
caving INTO BRANCHED CHUTES was used later for lifts greater than 100 ft (Fig 542). 
Panels, 112 ft wide, extended 200-400 ft along the strike, each served by 2 haulage drifts D, 
10 by 10 ft and 56 ft apart, running parallel with long axis of panel. From both sides of 
haulage drifts, chute raises, B, 28 ft apart, were driven at 75° to intersect the grizzly level, 
60 ft above rail, at points 14 ft from center lines of haulage drifts. Grizzly drifts G, 4 by 
6 ft, were at right-angles to haulage drifts, directly over and connecting tops of raises B, 
Grizzlies were symmetrically but unevenly spaced, certain pairs being 14 ft c~c, others 
21 ft c-c. Alternate chute raises were tunneled lengthwise of grizzly drifts, to accom- 
modate 2 grizzhes 14 ft c-c, as at II, On opposite sides of each grizzly, 4 by 6-ft drift 



Fig 542. Block-caving into Branched Chutes, Morenci, Ariz (vert sec) 


rounds were cut and, from these, small raises F, “finger raises,” were driven to the under- 
cutting level, 20 ft above grizzlies; finger raises were driven at angles to provide draw 
points 14 ft apart lengthwise of panel and about 19 ft apart crosswise. Tops of finger 
raises were belled out and widened to permit large l>oulder8 to be drawn well down toward 
grizzlies for convemenoe in breaking. Preceding undercutting, shrinkage stopes S, 6 ft 
wide, were carried up along vert boundaries of panels high enough to cut ore free from 
adjoining ground and guide the line of shearing, extent of shrinkage stoping accorded with 
judgment of operating staff in each case. Undercutting drifts N (“dog holes”), 4 by 
6 ft, connected tops of finger raises laterally and longit, forming a grid of drifts and leaving 
rectangular pillars about 10 by 14 ft. Final step of uiifiercutting consisted of drilling 
and blasting pillars and backs of undei cutting drifts. In opening a new panel, it was 

(a) Includes: (1) bound- 
ary shrinkage stopes, (2) 
undercutting; (3) belling 
finger raises, (4) chute tap- 
ping; (5) stope repairs, but 
excludes all development. 
( 0 ) All shifts on payroll, in- 
cluding men on salaries, (c) 
Shifts charged to mining, 
including all labor, as me- 

, > - , , chanical, electrical, carpen- 

ter, and other surface departments occupied on work chargeable to mining. 


Table S3. Operating Data in Block-caving, Morenci, Ariz 


Year 

Tons 

mined 

Tons per man-shift 

Powder 
per ton, 
lb 

Bd ft 
timber 
per ton 

Stoping 

(a) 

Mine pay- 
roll (6) 

Overall 

(c) 

1927 

1928 

1 136 339 

1 483 984 

40 35 

62 76 

10 00 

1 1,84 

9 07 

10 45 

0 24 

0 19 

0 23 

0 25 
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necessary to undercut a length of 84-196 ft to start caving freely, even though the new 
panel might be against caved waste in a completed section. A distinctive feature of 


Morenci practice was use of 16-in grizzly 
openings instead of customary 10-12-in 
spacing; wider spacing was necessaiy 
because ore broke coarsely. Chute tap- 
pers wore safety belts as protection against 
falling through grizzlies. Blasting boul- 
ders at grizzlies and starting hung-up 
raises by blasting were done electrically 
for safety and to eliminate smoke from 
fuse. Chute-tapping effic was about 120 
tons per man-shift. During initial stages 
of drawing, angle of retreat was about 
60°; as stope extended, this angle was 
decreased to 50°, or to even less if W'eight 
did not interfere. Following rules were 
based on experience: (1) oie must be 
completely undercut; even small unbroken 
areas act as pillars causing excessive press 
at the grizzly level; (2) enough ground 
must be cut through in boundary shrink- 
age slopes to permit blocks to begin cav- 
ing without delay after undercutting, but 
not enough to cause entire collapse; (3) 
press on grizzly level is resisted best by 
leaving as much unbroken ground as 
possible aiound giizzly drifts; this is done 
by making these drifts small and reduc- 
ing numlxir of finger laises to a minimum; 
spacing of finger laises is a compromise 
between requirements for good drawing, 
which presciibe close spacing, and need 
for controlling wt on development open- 
ings; (4) grizzly-bar spacing should be as 
wide as coiiflitions of haulage and hoist- 
ing permit; chute-tapping labor is thus 
reduced and speed of di awing increased; 
(5) haulage raises should have enough 
stoiage caiiac to make ore-di awing and 
haulage independent of one another. 
Table 53 shows results for 1927 and 1928. 

Miami Copper Co, Ai iz. Data from 
J. H. Hensley, Jr, in 1923 (601), G. W. 
Young in 1926 (593), and F. W. McClen- 
nan in 1930 (283). Mineralization con- 
sists of complete or partial replacement 
of primary cupriferous pyrite by chalco- 
cite, usually occurring in st'ams and to a 
lesser extent disseminated through altered 
schist. Tenor is alxiut 1% Cu. Orebody 
is a flat-lying massive deposit, with an 
area of about 50 acres and an aver thick- 
ness of about 200 ft, overlain by barren 
capping, 320 ft thick aver. General 
PLAN OF MINING. Early mining was by 
top-slicing, replaced later by shrinkage 
stoping with sub-level caving of pillars. 
Present method is block-caving. Caving 
practice at first involved undercutting 
and caving orebody across entire width 



(600-600 ft), starting at one end and 

retreating along length; drawing was planned to maintain plane of contact between 
broken ore and capping at angle of 40°-60° from horiz. This proved unsuccessful, 


Fig 543. Vert Longit Projection of Principal Workings, Miami Copper Co (283) 




10-348 


CAVING METHODS 


because excessive wt was thrown on extraction openings, causing heavy maintenance costa 
and interference with orderly drawing. Later practice was to cave and draw alternate 
panels 150 ft wide, across entire orebody ; a little later, when waste rock which had settled 
into original panels had consolidated, pillar panels were caved and drawn back across 



orebody; this was satisfactory with existing moderate thickness of ore, but was modified 
to caving on smaller blocks where thickness of ore was 300 ft or more. Original blocks 
were 150 by 300 ft, but experience indicated that blocks 150 by 150 ft gave best results, 
and this was made standard. Order of mining blocks is such that adjacent blocks are not 
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mined until waste fill along any boundary has consolidated for several months. Advan- 
tages claimed for block as against panel system in high lifts are: (1) min wt on extraction 
openings and hence min maintenance costs; (2) min dilution; (3) more working places, 
hence better standardization and higher production; (4) less congestion and delays on 
haulage level. Development. Main entry is a 4-compt vert shaft sunk outside of ore- 



Fig 546. Vert Projection of Ore-transfer Raise System, Miami Copper Co (283) 


body; 2 other shafts, beyond opposite ends of ore area, serve for ventilation. Fig 543 
shows the shafts and spacing of levels. Ideal plan is to drive mam haulage levels 130 ft 
below horizon of undercutting, with grizzly level 100 ft above haulage level. Grizzly level 
serves also as main supply level and ordinarily is connected to shaft. This procedure was 
modified above 720-level (Fig 543) only to take advantage of existing workings. Fig 544 
shows development of 720-haulage level; in general, drifts are 150 ft c-c, timbered with 
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3-piece sets of 10 by 10-in, 6.25 ft o-c. Fig 545, 546 show development above haulage level. 
Sequence in preparing a stope 150 by 150 ft: Pony sets and chutes P (Fig 546) are installed 
at 3 points over the haulage drift, the middle one directly under center of the block; the 
others 50 ft on each side. Six transfer raises /2, inclined at 55° 20' above horiz, are driven at 
right-angles to haulage drift from both sides of the pony sets. At same time, 3 grizzly 
drifts G are driven at an elev 100 ft above and at right-angles to the haulage drifts, and vert 
over the transfer raises. Following the connection of the tops of transfer raises with grizzly 
drifts, grizzlies are installed over the raises. To avoid a large opening at tops of branch 
raises, a one-round vert winze cut W is taken from the drift bottom at the point where the 
raise will break through and a long drill steel is left projecting from center of the winze as a 



Fig 547. Location and Orientation of Chute Set, Miami Copper Co 

guide in making the connection. Grizzlies are of 45-lb rails, placed crosswise of the drift 
and 12 in apart, supported on 10 by 10-in stringers. Fiom the sides of each grizzly, a 
3.5 by 3.5-ft raise <S is driven at right-angles to the grizzly drift, inclined at 42° for a dis- 
tance of 14 ft and thence vert for 10 ft (Fig 547). At the proper elevation, room is made 
for “chute set” T, which is carefully alined to assure proper spacing of the draw points 
above; chute sets are oriented at 45° with grizzly sets. Four finger raises F, 4 ft diam, 
are dri/en from the chute openings, inclined to a point 8.85 ft horiz from center of the set 
and thence vert to the undercutting level, 30 ft above the grizzly level. Drawholes are 
thus established 12.5 c-c ov'er the entire horiz area of the block (Fig 545). Undeb- 
cuTTiNO. Fig 548 shows procedure. C'hute sets are numbered 1 to 36 and draw points 
lettered. Undercutting level is opened by driving 4 drifts E of small cross-sec, 
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parallel to grizzly drifts through every third line of drawpoints, 37.6 ft apart and equi- 
distant each side of the central grizzly drift. These drifts are connected along both ends 
by “fringe” drifts F. In conjunction with undercutting, a narrow, vert shrinkage slope 
G is carried up 2 or 3 rounds along one end-boundary line (Fig 548) and usually advancing 



Grizzly level-^ Composite Section 


Main undercut 

G Border shrinkage stope 



^ Composite Plan 

Fig 548. Undercutting and Grizzly Levels, Miami 
Coppei Co 


along the sides and other end of 
the block as undercutting pro- 
gresses. To assist caving further 
and confine it to boundaries of the 
block, vert raises are driven at the 
4 corners, and “boundary caving” 
drifts H are driven completely 
around block at vert intervals of 
30-45 ft, depending on character 
of ground; bottom and back of 
drifts are usually drilled and blasted 
for added weakening. Undercut- 
ting begins by diiving drifts J, 8 ft 
wide, at right-angles to the small 
“opening-up” drifts and diiectly 
over center-lines of grizzlies; it is 
completed by drilling and blasting 
the sides and backs of the diifts. 
Direction of retreat is diagonally 
across the block (Fig 548) Once 
started, undercutting proceeds as 
rapidly as possible. Tops ot finger 
raises are funneled as undercutting 
progresses. Unless oie tends to 
pack, drawing is rarely started 
until stope IS completely undercut. 
Table 54 gives data of typical stope 
preparation; Table 55, the devel- 
opment and preliminary stoping 
necessary each month to maintain 
jiroduction of 525 000 tons ix?i mo 
from the jiait of orclxrdy served 
by 720-1 ovel. Table 56 gives 
other working data and costs jier 
unit and per ton for 1925-1028, 
OuK DRAWING. Obje(>tives are* (1) 
to draw max of ore tonnage with 
mm of dilution, (2) to ininiiiiize wt 
on extraction oirenings and thus 
1 educe maintenance costs. Effort is 
made to maintain even, horiz plane 
of contact between ore and capping 
in individual stopos. As a guide, 
marker blocks are planted 25 ft 


apart in all boundary-caving drifts; the blocks aie 12-in wooden cubes, marked with a 


Table 64. Developing and Undercutting Schedule and Progress Record of a Typical 

Stope, Miami Copper Co 



Sched- 

uled 

to 

start 

Started 

25% 1 

com- 1 
plete 

50% 

com- 

plete 

75 % 

com- 

plete 

Com- 

plete 

Sched- 
uled to 
com- 
plete 

Transfer raises . . . 

I-I-29 

12- 2-28 

12-29-28 

1-28-29 

2-28-29 

5-15-29 

6- 1-29 

Grizzly-level drifts . , . 

4-1-29 

3-20-29 

4- 6-29 

4-23-29 

5- 7-29 

5-25-29 

6- 1-29 

Grizzly raises . 

5-1-29 

5- S-29 

5-15^29 

5-21-29 

5-29-29 

6- 9-29 

6-15-29 

Chute sets 

6-1-29 

6-10-29 

6-25-29 

7- 8-29 

7-25-29 

8- 5-29 

8- 1-29 

Finger raises. 

7-1-29 

7- 5-29 

7-21-29i 

7-29-29 

8- 8-29 

8-20-29 

9- 1-29 

Undercutting-level drifts . 

8-1-29 

8- 3-29 

8-23-29 

9- 8-29 

9-22-29 

10- 4-29 

10- 1-29 

Und^r^'ut ing-l'»v(4 drifts 

10-1-29 

10-14-29 

10-25-29 

1 1- 4-29 

11-12-29 

11-18-29 

11-15-29 


Note; Numbers indicate dates. 
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Table 65. Development and Preliminary Sloping per Month, Miami Copper Co, 


Classification Units 

Haulage-level drifts, ft .... . 345 8 

Haulage-level chute sets 3 5 

Transfer raises, ft. . . . . . I 105 3 

Grizzly-level drifts, ft. , . . . , 688 1 

Grizzly-level raises and chute sets, sets . ... 37 7 

Boundary caving drifts, ft 2 292 6 

Boundary caving corner raises, ft. . 299 3 

Finger raises . . . . . . . 1 50 6 

Undercutting-level dnfts, ft .. .. ... 897 4 

Undercutting-level drilling and blasting in, 8<i ft ... 23 528 9 

Boundary caving drifts drilling and blasting in, sq ft . . . . 2 292 6 

Boundary caving raises drilling and blasting in, raises ... 7.6 


Table 66. Development and Preliminary Sloping Requirements and Costs for Orebody 
Served by 720-ft Haulage Level, Miami Copper Co. Expectancy, 39 968 411 Tons 


i 

.\ver cst 
tons ser\ ed 
per unit 

Cost per 
unit 1925-28 
incl 

Cost per aver 
est ton m 
place, based 
on 1925-28 
costs 

Huuluge level, per ft 

1 518 

$19 950 

$0 01315 

Haulage-level chute sets, per set . 

148 031 

325 606 

0 00220 

Transfer raises, per ft . 1 

475 

8 496 

0.01789 

Grizzly -level dnfts, per ft 

763 

10 700 

0 01402 

Grizzly-level raises and chute sets, per set 

13 917 

336 701 

0 02419 

Boundary caving drifts, per ft 

229 ' 

7 033 

0 03071 

Boundary caving corner raises, per ft 

1 754 

3 528 

0 00201 

Total development. . . 



$0 10417(a) 

Finger raises, ikt raise 

3 486 

32 789 

0 00941 

Undercutting-Ievel drifts, per ft 

585 

2 996 

0 00512 

Undercutting-lev'el mining, per s<i ft 

22 3 

0 308 

0 01378 

Drilling and blasting boundary oaMiig drifts, per ft 

229 

1 119 

0 00489 

Drilling and blasting boundary, euMUg corner raises. 




per raise . 

68 439 

87 407 

0 00128 

Total sloping . . 



$0 03448(a) 


(n) Ba.<^cd on extraotiuii of 12 7 H) 37.'^ tons from stopes completed to late 1920, equivalent to 
1 lo 1.5% of tonnage estimated, tlie cost tor development and sloping per ton of ore extracted would 
be reduced to $0 09U5 and $0 02‘>9 respecliv'ely. 


coiinter.snnk copper tag, which nhows the original elev of the block and the number of the 
chute over w'hich it wa.s placed. The block.s are largo enough to be caught on the grizzly and 
their arrival shows the jiosition fioin which the accompanying oie has come; also that the 
htope IS ciiMiig to it'^ boundaiy. Stope engmeor.s inspect stopes daily and issue drawing 
oidcis Tapping ciew' (lila.ster and heli^er) usually draws 12-13 finger raises per shift, 
blasting 3-S times and di awing about 400 tons. Chute blasting is by elec caps and hand 
batUM’ios. Clencial plan is to diaw chutes m rotation, but variation in routine may bo 
required by. appearance of capping in a given chute, necessity of repairs; need of relieving 
wt on timbers; leiiuirements as to giade of oio; need of proper distribution for economic 
operation of trams on haulage level. Drawing continues until grade drops below economic 
limit. C’aio IS taken m measuimg and recording tonnage from each finger raise. Measure- 
ment is by count of cars on haulage level, but accuracy leqiiires close cooidination between 
tapping of finger raises and drawing of transfer raises. To maintain daily production of 
18 000 tons, 13 or 14 slopes must be in drawing stage, but production from stopes in initial 
or final stage of drawing is relatively small. KxTiiAcmoN. Table 32 gives tonnage, grade 
and copper extraction from 13 completed stopes; terms “best” and “j'oorest” refer to 
relative combined results. Cost data. Over 4-yr period, Oct 1, 1925 to Sep 30, 1929, aver 
tons produced per man-shift underground was about 27 ; timber consumed per ton, 1.045 
bd ft; explosive (40% gelatin), 0.2225 lb per ton; for drawing alone, 19.7 ton.s of ore were 
drawn per lb of powder used ; power consumed in mining department was 1.9 kw-hr per ton 
of ore. Mining costs per ton during same period were: development, $0.1(X); stoping, 
$0,130; electric haulage, $0,053; hoisting, $0,033; ventilation, etc, $0,021; general under- 
ground, $0,011; engineering and sampling, $0,014; mine surface, $0,020; mine accident, 
$0,011; total, $0,399. 
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Inspiration mine, Ariz. Data from A. C. Stoddard (642) and G. J. Young (656) in 
1929; revised in 1939 by Co officials. Orebody is a large, irregular deposit of low-grade 
copper ore in fractured schist and granite. Ore minerals are chalcocite, azurite, malachite, 
and chrysocolla, largely distributed along fracture planes, but occasionally disseminated 
through ground mass. Length of mineable ore was given in 1929 as about 8 000 ft; aver 
thickness, 200 ft. Thickness of capping varies from ml to 500 ft. Since beginning opera- 
tions all mining has been by caving. A method using a so-called “square-set control” 
was formerly employed (later practiced by Miami Copper Co). Procedure varied but 
following description of practice in 1919 illustrates general method. Development. 
Haulage drifts were on 100-ft centers; as at present, they wcio 7.5 ft high, 9 ft wide at rail 
and 7.5 ft wide at cap, inside of timbers. Pony sets with chute pockets on both sides were 
placed 25 ft apart; from them inclined raises were driven to floor of giizzly level, 30-35 ft 
above. If un timbered, raises were from 3 by 3 ft to 5 by 7 ft; if timbered, 3 by 3 ft to 
4 by 4 ft inside cribbing. Grizzly drifts were parallel to and 25 ft on both sides of center 
line of haulage drift. When un timbered, grizzly drifts were 4 by 6 ft to 5 by 7 ft; if 
timbered, sets had 7-ft posts and a cap to give 3.5-ft width at top. Grizzlies, of rails 
10 in apart, were placed over each raise. From each grizzly, 2 raises were driven, one m 
each direction at right-angles to the drift. For the first 18 ft, these raises sloped 40°-42°; 
then turned vert to accommodate a 4-post square-set. From the square-set, 4 finger 
raises were driven to the undercutting level, 30 ft above the grizzly level, resulting in a 
spacing of one drawpoint for each 156 sq ft of area. Undercutting consisted of driving 
small ^ifts on 25-ft centers on undercutting level, with eventual drilling and blasting of 
intervening pillars. Above-described practice was often modified as to spacing of grizzly 
drifts and drawpoints; for example, m 1925, grizzly diifts were 42.5 ft c-c, each drawpoint 
controlhng an area of about 133 sq ft. A disadvantage in the so-called “square-set” 
system of control was that men had to go above the level into the square-set to draw ore, 
making supervision of drawing difficult; also, maintenance costs were high. “Grizzly 
control” system was introduced to correct these faults and is still m use throughout the 
mine. Unit blocks are usually kept .small, about 100 ft square, though some are 85 ft 
wide by 133 ft long, others 170 ft wide by 100 ft long. Spacing of the haulage drifts is a 
function of the distance from drifts to bottom of the ore, the less thi.s distance the closer 
the spacing of haulage drifts. Length of block is determined by the area which, it is 
judged, will cave readily. A block may have 1 or 2 haulage drifts Ix^neath it, each serving 
an area of which the width is a multiple of 16.6 or 17 ft, where capping overlies the ore. 
Where there is no cappmg, and a block to be drawn reaches to surface, there is no fixed 
multiple. Pony sets and chutes are installed 25 oi 33 3 ft apart along the haulage drifts. 
Each of these distances is a multiple of a mine-car length, and allows cars to be loaded 
from one or more chutes with one spotting of tram; the smaller interval is used where 
careful control of drawing is necessary, the larger, where careful control is unnecessary. 
From the pony sets, and on both sides of a drift, inclined raisc.s H (Fig .549, 550), with 
branches, reach to the grizzly-level drifts D. The latter are 35-70 ft above and at right- 
angles to haulage drifts, and spaced to correspond with the raise interval along them. 
Grizzly interval along the grizzly drift is 1G.6 or 17 ft, somotime.s 21.25 ft, dei>endmg on 
the care demanded in control. From opposite sides of each grizzly, rarses *S arc driven 
to a vert height of 18 ft above the grizzly level. At thi.s elev, the tops of the raises aie 
spaced at the grizzly interval in one direction, while at right-angles the .spacing is alter- 
nately 14 ft and 11 ft, when the grizzly drifts arc 25 ft c c; mcrea.sed proi>ortion- 
ately when these drifts are farther apart. The lesser distance is alway.s between the 
tops of the 2 lines of raises in the pillar between 2 grizzly drifts. Undercutting drifts 
T are driven at right-angles to the grizzly drifts and over the lino of raises from them. 
Their spacing is therefore the same as that of the grizzlies, and the pillar between adj.acent 
drifts is approx 5 ft narrower. Crosscuts V are driven as necessary. Undei cutting i.s 
started from the corner of a block, if possible from a comer having unbroken sides, and 
is finished at whatever point may be safest. It is done a.s rapidly as possible, and is carried 
horiz in the plane of the undercutting drifts. Drawing i.s controlled at the grizzly level, 
the raises being drawn equally to bring the caved ore mass down evenly. During 1938, 
ore was mined at rate of 21.86 tons per man-shift chargeable to mining. Timber consump- 
tion, 1.164 bd ft per ton; powder, 0.128 lb per ton. 

Ray mine, Ariz. Data from R. W. Thomas (294) in 1929, confirmed by Company 
officials as substantially representing practice in 1938. Orebody is a disseminated-copiier 
deposit in quartz-sericite schist; chalcocite is the predominant ore mineral. Shai>o is 
irregular in plan and section; length, about 7 000 ft; aver width, 1 600 ft; thickness, 40-4(X) 
ft. Capping is 40-600 ft thick, aver about 250 ft. In caving, ore breaks coarser than at 
most mines using caving system. Timbering is required for all permanent openings. 
Development comprises 2 vert ore-hoisting shafts, 2 inclined shafts for supplies and 



Plan in Plane of undercut 




Fig. M9. 



Block Caving, luapiratiou Mine, Ariz. Max haulage-drift spacing for highest ore horizon 


where height of ore is 160 ft or more aliove haulage level. Panels, 200 ft wide, are 
developed by 4 motor-haulage drifts />, 50 ft c~c. I'ho.se drifts are 7 ft high by 7.5 ft 
wide, inside timbers. From each side of them, chute raises H are driven 25 ft apart to 
grizzly level, 40 ft alxivo rail. The raises are inclined so that grizzlies will be 25 ft apart, 
orosBwiso of panel, but staggered symmetrically as to those in adjacent drifts; they are 
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4 by 4 ft if un timbered, or 4 by 4 ft inside cribbing if timbered. Grizzly drifts G 
(“laterals”). 3.5 by 5 ft, are run over center lines of chute-raises at right-angles to haulage 
drifts. Grizzly bars have 13-in openings. “Fringe” drifts connect the laterals along 
panel boundaries. The ends and sides of a stoping block are “cut off” by shrinkage 
stopes S, about 10 ft wide, which are carried to the capping or to a previously mined 
area above. These stopes, obviously unnecessary on sides adjoining mined-out sections, 
are usually mined in 2 lifts, the upper section being mined first and the shrinkage ore hand- 
trammed to transfer raises. Development for undercutting starts by driving “throat 
raises” T from each side of each grizzly, so that, on reaching a height of 7 ft above top of 



Fig 650. Block Caving, Inspiration Mine, Ariz. Min haulage-dnft spacing for lowest ore horizon 

grizzly set, they are on 12.5 ft c-c lengthwise and crosswise of panel, but staggered as 
in Fig 551. From these points, 45° raises are driven parallel to grizzly laterals until con- 
nected with similar raises starting from tops of adjacent throat raises. Ground between 
diverging raises and above throat rai.ses is blasted down to give a flat-backed, saw-tooth 
slot W, 4 ft wide, across the entire block; the center line of each slot becomes the center 
line of a shrinkage stope. Alternate stopes are temiefl “undercut stopes” U and “pillar 
stopes” P; the former are earned to height of 40 ft above tops of grizzly sets; the latter, 
to 32 ft. Stopes U are widened toward top, so that the final round, breaking a width of 
about 18 ft, completes the undercut l>etween stopes U and P. Undercutting is carried 
on oroaressivelv from one end of block to the other, followed hv drawincr on n 
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scale. This gradually removes support from under the main mass of ore and sets up 
cantilever action, causing ore to slough and break up. Uniform drawing starts after 
block is completely undercut. 

Ruth mine, Nevada Consol Copper Corp, Ruth, Nev. Data kindly furnished by W. S. 
Larsh, Asst Gen Mgr, in 1938. Orebody of disseminated chalcocite and chalcopyrite in 
monzomte porphyry is oval in plan; major axis, 2 400 ft; minor axis, 1200 ft; aver 



thickness, 190 ft; aver dip 15®. Formations overlying orelxxly, some of them oxidized 
capping, arc 110 to 1 0(K) ft thick. Ore and inclosing sedimentary rocks close to the 
contact are soft and heavy; some swelling ground. After trying several methods, a form 
of block-caving, known locally as “bhanch-r.\i8E cavino,” was adopted. Develop- 
ment. Haulage drifts are driven lielow the orelxidy at such intervals that 50® inclincKi 
raises from them will reach bottom of orebody at an aver of 00 ft vert above the level 
floor (min distance, 40 ft; max, SO ft), which ha.s lM>en found the most economical height. 
The raise systems are 8i)aced 25 ft apart along the haulageways and run at right-angles 
to them. Hranches from the main raise are designed to reach bottom of orebody at 12.5-ft 
intervals (Fig 652). To start a raise, piony sots P, Fig 553, 5 by 6 ft and 6.5 ft apart, are 
erected over the drift. From them the main legs of raises P, and the branches from them, 
are driven on a 50°~65® incline. Near top of main raise and its branches, a curve brings 
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them to the vert when they are finished. Baises have 2 by 3-ft manways and 3 by 3.5-ft 
chutes, with 4-in dividers; cribbed with 4 by 12-in or 6 by 12-in timber, with 
about a 2-in spacing. A square-sot, S Fig 553, is erected at top of each branch and 2 
finger raises T, Fig 554, are put up from each square-set at right-angles to the plane of 
the main raise, their tops being spaced 12.5 ft c-c. Finger raises are 3.5 ft square inside 
6 by 12-in cribbing. Plank gates are put in the square-sets; a grizzly O of old rail is laid 
with 10-in spacing in each square-set over the chute compt of each main raise; steel arc- 
gates are placed in the pony sets at the level. The plane or slightly warped surface 
connecting the tops of the fingers is the “draw” level, although no level exists there. 
Caving. Small drifts D (Fig 552, Sec B-B) are driven over the tops of finger raises and 
connected by crosscuts over alternate branch raises; pillars are then blasted. Undercut- 
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SECTION C-C 


Fig 552. Block-caving, Ruth Mine, Ely, Nev (diagrammatic) 


ting is done in panels and enough area must bo undercut to start the cave; after which, 
crosscuts are run to the cave, and the intervening pillars blasted. If the giound is too 
heavy to permit undercutting drifts, as much of the work as possible is done from tops of 
the finger raises. After the draw from the fingers is about half completed, board gates 
are put in the other 2 sides of the square-set, but no finger raises are driven. Drawing 
is done carefully, the “expectancy” of each draw set is charted and a model made showing 
the estimated position of the capping. The amount to be drawn from each finger raise 
is determined by the engineering staff, which furnishes “draw sheets” to each shift. 
Drawing is calculated to keep the contact between broken ore and capping on a 30®-40® 
slope. Chute tappers and draw bosses estimate the amount drawn from each finger; 
these estimates, reported to the stope engineer, are adjusted to balance against the number 
of motor-hauled cars drawn from main raises; adjusted figures are applied to charts and 
model daily. The ore drawn from each finger raise can not bo measured precisely, but 
differences between estimates and actual number of cars loaded are not great and tend to 
compensate. The chute tappers become adept in making the estimates, being materially 
aided by the standard size of the raise cribbing. Extraction. Figures on about 
10 000 000 tons are about 87% of the copper and 104% of the tonnage. The draw level 


EXAMPLES OF BLOCK-CAVING PRACTICE 10-359 


is placed at the bottom of the ore as nearly as possible, and the whole orebody taken in 
one lift. Better results in extraction are obtained in drawing over a fairly large area than 
in a high narrow orebody, as the ore has a better chance to cave. Drawing too rapidly 
causes chimneys (channels) to run through to the capping (always to be avoided). 

Bling mine, Quebec. Data from J. G. Ross and others of Co staff (250) in 1934 and 1930. 
Asbestos occurs in a large mass of highly fractured serpentinized peridotite and also in small 
veins or as fibrous development on slippage planes. Original mimng was by open-cut 
(Art 96). First underground mining was by shrinkage, later replaced by sub-level stoping. 
Block-caving was finally and successfully adopted. There are 2 unusual features: (a) 



proximity of proi>crty boundaries, R Ra, and buildings requires avoidance of subsidence in 
the area surrounding the ground being mined; (6) detrimental effect of wood fiber m final 
product precludes use in mine of wood in any form. Subsidence problem is solved by 
mining in blocks (160 by 160 ft) rather than panels (see Miami Chopper Co, above), and 
keeping subsided area filled with dry null tailings, of which much had been accumulated 
nearby (Fig 555). Following methods avoid use of wood: (1) 6-in and 8-in H-beams are 
used for diift sots, with steel plate or old rails for lagging; (2) steel track-ties; (3) ore 
chutes and ladders are all-steel; (4) head blocks for drill columns are of stiipa of rubber 
belting clamped or riveted together; (5) wedges are of a composition of hard rubber 
and asbestos; (6) tamping sticks are copper tubing with copper plug in one end; (7) 
picks and shovels have metal handles; (8) metal survey plugs; (9) workmen are supplied 
with lighters, no matches being allowed in the mine; (10) dynamite is transported into mine 
in waterproof canvas sacks. Deveix)pmbnt. Haulage drifts are on the 500-ft level. 
Each block, 160 by 160 ft, is served by 2 parallel 8 by 9-ft drifts, each 40 ft from center 
line of block (Fig 656). Grizzly level is 46 ft above haulage level; undercutting level, 20 
ft above grizzly. Grizzly drifts are parallel to haulage drifts, on 40-ft centers, spaced 
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Bsmametrically with haulage drifts. Grizzly drifts are lined with sets of 6-in H-beams, 
2.5 ft c~c, lagged with scrap rails 1 ft apart. Whole structure is concreted flush with inside 
faces of posts and caps, leaving a section 6 ft high, 3.5 ft wide at bottom, and 2 ft at top. 
From each side of haulage drift 4 chute raises are driven 40 ft apart and inclined at 55®. 
At a point 20 ft from chute, each raise branches 2 ways, to cut grizzly drifts at 20-ft 
intervals. Thus, grizzlies are 20 ft c-c in direction of drifts and 40 ft c-c at right-angles to 
drifts. Grizzlies are of 80-lb rails on 6-in steel H-beam sills, with 16-in slots 4 ft long across 



the grizzly drift. From each side of the 
32 grizzlies in a block, a raise is driven 
to a point 20 ft above grizzly level and 
10 ft from center line of grizzly drift. 
Thus, draw-points are 20 ft c-c in 2 
directions over entire area of block. 
At each of 4 corners of block, 6 by 6-ft 
vert raises are driven almost to sur- 
face. Boundary-caving or cut-off drifts, 
4 by 6 ft, are driven entirely around the 
block at 40-ft vert intervals. Before 
caving starts, the drift backs are drilled 
and blasted with 3 vert 7-ft holes 4 ft 
apart. rNDERCuTTiNo level is opened 
by eight 7 by 7-ft drifts parallel to the 
grizzly drifts and above the draw raises, 
8 by 8-ft drifts are driven across the 
ends of these drifts, along the 2 opposite 
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Fig 554. Details of Raise Timbering, Ruth Mine, 
Nev 


Fig 555. Use of Back-filling in Block- 
caving, King Mine, Quebec 


sides of the block at right-angles to the grizzly drifts. Backs and walls of undercutting 
drifts are drilled with fan-shaped rings of 7-ft holes, 3 ft apart. Each underlying draw 
raise is drilled so that, on blasting, it will be cup-shaped rather than conical, this permits 
large boulders to settle nearer grizzlies, where they are more readily drilled and blasted. 
Starting in a corner of the block, undercut drifts and underlying raises are blasted in areas 
40 by 40 ft, in diagonal retreat toward opposite corner. Drawing starts after finishing 
undercutting. Before caving starts, markers (numbered steel plates) are distributed at 
regular intervals in the fringe drifts. As these are recovered in drawing, the dates and 
positions are recorded, to serve as a guide to determine how close to the proper limits the 
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caving action has reached Caving follows fringe drifts closely, and back-filling keeps 
subsidence within anticipated limits It is stated that it would seem practicable to cave 
from a depth of at least 600 ft within 20 ft of a property boundary without disturbmg 
the area beyond it, provided backfilling is adequately supplied 



Fig 550 leometnc Drawing of Slope Block, King Mine, Quebec 


Braden mine, Sewell, Chile Data from J S Webb and T W Skinner (289) in 1932; 
additional data from management in 1938 Large, irregular, crescent-shaped deposits, 
carrying chalcocite and chalcopynte, occur in highly fractured aones m andesite, around 
a neck of volcanic tuff Ore dips stcx^ply, tuff contact forms hanging wall, foot\ivall is 
commercial limit of workable ore m andesite Width of oie aone, 328-1 968 ft, oxidized 
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capping extends 164-328 ft below surface* Devblopment. Topography is steep and 
main entry to mine is by adit below operating levels, to which ore is delivered through 
ore passes for haulage to mill bins. Level interval was formerly 50 m (164 ft), but present 
development has 100-m (328-ft) lifts. Parallel drifts are driven on caving level 12 m 
(39.4 ft) apart. Gathering raises cut the bottoms of these drifts to provide dumps 30 m 
(98.4 ft) c-c (Fig 557). Haulage drifts are 10 by 10 ft, raises used as main and gathering 
ore passes are 6.5 by 6.5 ft; caving-level drifts, 9.5 ft high by 7.5 ft wide. Stopino. 
Former use of shrinkage-slope and pillar-caving (Art 87) has been replaced by block- 
caving. Blocks are 100 m high. General plan of retreat is from one end of orebody to 
other, undercutting extending from footwall to hanging. Shrinkage cut-off stopes are 
carried up along boundaries according to judgment of mine officials, Undbrcuttino. 



Fig 657. Ore-pass System, Braden Mine, Sewell, Chile (289) 


Caving-level drifts are timbered with heavily reinforced sets, 5 ft c-c; posts, 8 ft long; 
caps, 7 ft. On each side of these drifts, chute pockets are installed in alternate sets, chutes 
on one side being staggered with those on the other. Starting at one end of orebody, 
next to a cut-off (shrinkage) stope, undercutting proceeds toward the other end in under- 
cutting units 6 m (19.68 ft) lengthwise by 12 m (39.36 ft) across the orebody (at right- 
angles to drifts). For a given unit, the stages of undercutting are shown in i^’ig 558. 
Along a 6-m section of drift a 6-ft fan-shaped round is drilled and blasted (Fig 558, A). 
The ore thus broken is drawn out through the chutes, leaving an open stope about 7 ft 
high above the drift timbers. Before the initial blast, a small manway raise Af, from the 
next drift to center line of the intervening pillar, is driven on a slope of 48°, and at an 
angle of 8° 30' from the perpendicular to the drift, to meet a similar raise N, ffiiven from 
the last chute in the imdercut stope. This connection is completed before making the 
second widening blast in the undercut stope, thus providing safe entrance and exit. Three 
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more undercutting rounds are drilled and blasted successively (Fig 558, B, C, D) , forming 
a small shrinkage stope. The ground usually shows signs of weakening after the third 
blast, but to assure safety to the miners, the back is stuUed after each blast. The final 
blast breaks to the adjacent caved area. Before regular drawing is started, undercutting 
continues in adjacent drifts until sufficient area is weakened to produce a continuous 
caving action. An undercut crew consists of 3 miners, who work on contract basis of 



lineal meterage imdorciit. Stoper drills are used. On caving level, ore is drawn into 
1-ton cars and trammed to tops of gathering raises Each trammer is assigned a minimum 
of 10 chutes. With dumiis 30 m (98.4 ft) c c, max tram is 15 m (49.2 ft). Trammer 
rocoivos daily orders as to number of cars to lx* drawn from each chute, and record of 
tonnage drawn is kept. Trammers are paid according to number of cars, with guarantee 
of base wage. Accurate count of cars is obtained by an automatic counter on each car. 
Trauimer must load a full ton into car and dump it before the counter registers. Counters 







Andes Copper Alining Co, Potrenllos, Chile Vert sec through central orebody 
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on each car are read at beginning and end of each shift, and at intervals during 
the shift. 

Andes Copper Mining Co (Anaconda Copper Co), Potrerillos, Chile. Data from I. L. 
Greninger, Asst Gen Mgr, in 1939. Copper minerals, chiefly chalcocite and chalcopyrite, 
are disseminated in porphyry, forming a large, massive orebody. Porphyry intrusion has 
left enclosing sediments tilted at 50°-60®. Orebodies within intrusive generally have 
same dip as sedimentaries. Development. As topography is steep, entry is by adits; 
main adit is at elev of 2 974 m (9 754 ft) and is 4 787.82 m (2.97 miles) long. Ore passes 



Plan ot Gru*zly Level 


Vert Cross-Sec 

Fig 500. Plana and Secs of Typical Block, Andes Copper Mining Co 

t'xtend from main adit to 3 intermediate haulage levels at 3 032, 3 112, and 3 184 m. On 
each intermediate level, parallel haulage drifts are driven, 30-33 m c-c. Development 
above the haulage levels, to prepare for undercutting, is shown in Fig 559, which is a vert 
section through the central orelx>dy. Fig 560 shows details of a typical block. This 
method was developed at the Inspiration mine, Ariz. Fig 561 shows the raise system. 
Control in drawing is maintained at the grizzly, whereas in earlier practice at Andes (see 
E, Fig 559), “control sets” were placed between the grizzly and undercutting levels; the 
control set was a 4-po8t square-set, from which 4 finger raises were driven to the under- 
cutting level aliove; each finger raise was controlled by a chute gate at the control set. 
For details see Bib (643). Haulage drifts are timbered with sets of 10 by 10-in Oregon 






Undercuttinj? level 
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pine, 8.6 ft wide at the cap, with 9-ft posts battered 1 in per ft. Grizzly drifts, formerly 
lined with masonry (643), are now timbered as in Fig 562. Main raises are lined with 
6 by 12-in cribbing skin to skin, each piece protected by a 3 by 3 by ^/g-in angle iron at 
its upper edge. Fig 560 shows xmdercutting details. Area to be undercut is divided 
by 6.26 by 6.25-m pillars, which are shot out successively, retreating from one corner of 
the block to the diag opposite corner. Blocks are now 50 by 60 m in horiz sec. Ore 
DRAWING is in accordance with written orders, a close check being kept on tonnage and 
grade drawn from each branch raise. Main raises are calibrated by successive filling and 


drawing off. A check is ^ y 

obtained by counting the [ A 

cars drawn from each ^ ij ^ ^ 

chute. Data on tonnage ^ 

drawn from branch raises 

are posted daily on office ^ 

stope sheets, from which 

graphic charts are made, ^ 

and copies carried by 

underground foremen and | r Tl ^ ^ \y 

bosses. In 1939, for di- i - — i . ■ — - . ‘ - p — L-l ^ 

rect labor underground, 

production was 40-45 tons 9l ^ 

per man. Abu i. la ^ o 

Climax, Colo. Data __ IJ IJ H ^ o 

from W. J. Coulter (303) T I ^ ^ 

in 1929 and W. E. Romig ^ » 

(304) in 1937. Molyb- S 

denite occuis in dissemi- 1. ^ ... 

nated form; also in vein- 

lets along fracture planes * ^ 

in altered schist and 
granite. Ore area lies 
concentrically around a 
large dome of sihcified 
and sparsely mineralized 
granite. Wall limits are 
determined by assay val- 
ues, dips are stec'p; horiz 
width of ore is 300-700 
ft. Former mining was by 
shnnkage-stope and pillar- 
caving, now by block- 
caving, with lifts of 400- 
6(K) ft. First practice in 
block-caving involved use 
of grizzlies, 60 ft above 
haulage level, 50 ft o-c, 
both lengthwise and cross- 
wise of orebody, from 
which finger raises ex- 
tended to stope liottom. 

Difficulty in maintaining 
grizzly chambers, due to 
blockiness of ground, led 
to a novel system, in which 
scrapers eliminate need 
for grizzly levels. Development. Present (1937) vert interval between haulage levels 
is 465 ft, but 500-ft lifts are proposed for future. Level development comprises 




parallel haulagie drifts, 11 ft high by 13 ft wide, and 200 ft c-c. At intervals of 75 ft, 
^'slushing drifts” extend from Ixith sides of and at right-angles to haulage drifts 
(Fig 563). At intersection with haulage drift, bottom of slushing drift is 8 ft above rail, 
or 1 ft above top of cars, thus allowing ore to be scraped directly into cars. Slushing 
drifts usually extend 100 ft on each side of haulage drift, and are driven on a -f-15% grade. 
At 50-ft intervals along these drifts, chut© raises are driven as in Fig 563. Undercutting 
is done by slabbing the sides of the upper branches of these raises, pillars being left tem- 
porarily as required. Undercutting is completed by drilling and blasting simultaneously 
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a number of pillars. Thereafter, ore caves by its own wt, and drops through the chute 
raises to the slushing drifts, whence it is scraped into hoppers discharging directly into cars 
in haulage drift. Scraper hoists have double drums, and 150-hp motors; 72-in, hoe-type 
scrapers are manganese-steel; rope is iVs-ln, plow-steel. Hoppers over haulage drifts 

(Fig 564) are of structural steel, 
34 ft long by 10 ft wide, with sides 
3 ft high; bottom slopes up on 
15% grade from a 4 by 7-ft dis- 
charge hole in center. A 24-in 
log is placed across slushing drift 
at each end of hopper. Planks, 3 
by 12 in, are dapped into logs and 
extend to discharge hole; 60-lb 
rails, with heads up, are fastened 
to these planks and bent over the 
logs, ends of rails being set in con- 
crete. Scraper hoist is mounted 
on a frame which can be moved 
from end to end of hopper, per- 
mitting scraping from either branch 
of slushing drift. Advantages 
claimed for the “ slushing system *' 
over “ grizzly system ” are: (1) loss 
development, hence lower cost and 
greater speed in bringing blocks 
into production; (2) less distance 
between undercutting level and 
haulage level, hence more ore de- 
veloped for a given lift; (3) greater 
fle\ibility; (4) better draw con- 
Disadvantage is in less storage space between stope and cars. Accom- 



Sec C*D Sec A-B 

Fig 663. Slasher System Development, Climax, 


Colo 


Grizzly system 
Haulage drifts, ft 
Grizzly tirifts, ft 
Grizzly entries, ft . . 
Gnzzly chambers, ft. . 
Service raises, ft 
Chute raises, ft . . 

Total footage. 
Grizzlies 

Chutes 


Slushing system 
Haulage drifts, ft . 
Slushing drifts, ft . . 

Total footage . . . 
Loath ng platforms. . , 
Hoists. . . . , 


2 050 

3 600 
5 650 

18 

18 


trol; (5) safer. 

paning statement shows com- 
parison of development and 
major equipment for each sys- 
tem for a block 600 by 400 ft 
horiz area and 410 ft high. 

Results obtained in 1929 indi- 
cated a saving by slushing sys- 
tem of $0,027 per ton in opera- 
tion.s and $0,044 per ton in 
development; total, $0,071 per 
ton. 

Utah Copper Co, Bingham, Utah. A large, low-grade deposit of disseminated chal- 
cocite is mined by power shovels (Art 96). Caving was rmj>loyed m the earlier develop- 
ment, to produce ore and break up the capping for the shovels without blasting. 

Rooms were opened; then the 
pillars were weakened until they 
cav^d, and the ore was handled 
in cars or barrows to the chutes. 
This plan was modified later by 
putting up raises to caved areas 
for drawing off ore. Finally a 
branched-raise caving method 
was developed. Fig 565 shows 
the development. Two main lev- 
els were opened from tunneks 200 
ft apart vertically. The ore on 
lowest or main haulage-lovel was 
cut up by drifts and crosscuts 
into pillari about 75 ft square. 
Main raises were inclined at 50® 
to 60°, each serving an area 70 



-Haulage drift 




Fig 564. 


Vwt Cro88-aec through Haulage Drift, 8howiiig 
Slusher Platform, Climax, Colo 


to square. 


Sub-levels wg0S III tirtical intervals of 17 ft; later this was increased to 
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subs. The collars of branch raises on subs were approx on corners of 15-ft squares. A 
block of ore was caved by enlarging the tops of all raises under it, and finally mining the 
remaining pillars; for further detail, see Bib (114, 190, 305). Loss of ore by mixing with 
capping was high. 



Fig 665. Utah Copper Co Cross-aec through Part of Orebody 


81. SUMMARY. BLOCK-CAVING 

General. Block-caving, where applicable, gives a lower mining cost per ton than any 
other underground method. It requires relatively large capital expenditure for prelimi- 
nary development, and is essentially for large-scale work. In its different forms (Art 
79, 80), it IS applicable to deposits of various shape and to ores of various strength, but 
has rigid requirements and limitations. In unsuitable deposits, or where carelessly con- 
ducted, the loss of ore may exceed that of any other method; systematic work, careful 
supervision and good judgment are essential to success. 

Requirements, besides those common to all caving methods (Art 82), are: Suitable 
ORKBODIE8. For general applicability of method see Art 79. Orebodies must have 
enough horiz area to cave freely and without excessive dilution by waste rock from side 
W'alls. Largo massive deposits meet these conditions. Vein-like deposits must be wide, 
and dip over 65°; ideal conditions are strong walls from which ore parts easily; isolating 
slopes may l>e used to free ore from w’alls if their cost is justified by ore tonnage so released. 
Block-caving may be iHod in fiat beds if thick enough to warrant cost of development; 
usually minimum thickness is 70-80 ft. Block caving is not a selective method; as under- 
ground sorting is not feasililo, a fairly uniform distribution of values in the orebody is 
necessary. Outlines of the orelxidy should bo fairly regular; small extensions of ore into 
walls are not recovered and tongues of wall rock jutting into the ore can not be left unmined. 
Some dilution and loss of ore are inevitable m block-caving; their amounts affect the 
economic min and max grades of ore to which the method is applicable. Physical 
CHAU vci’ERisTics OF ORE wluch Will break up under block-caving have not been exactly 
defined, some ore successfully mined by block-caMng contains numerous small veinlets 
or other planes of weakness, behaMour of a given ore is determined by trial. Block- 
caMng IS adapted to moderately soft or moderately hard, but not to very soft or tough 
orCvS. C’appinu must cave wdien underlying ore is dropped; \vt of overburden is essential 
to aid m ciushmg the ore. The most favoraVile capping breaks into largo pieces; soft, 
bntflo capiiing decreases extraction by breaking fine and sifting into the ore, or by 
“channeling” through to the chutes. Capping dilTcimg in appearance from ore is desir- 
able, for ready detection at chutes at end of drawing operations. 

Advantages of block-caving; (a) Safety. (6) Cheap mining, since but little drilling, 
blasting and timlx^niig are done per ton of ore; amount of development is relatively small, 
(c) Production is centralized, allowing efficient supervision. After caving begins, a large 
and eaisily vaiicd output is obtained fiom one level, (d) Natural ventilation is good, 
compared to that in other caving methods. 

Disadvantages of block-caving: (a) Preparing the blocks for caving requires time and 
large expense, (b) Cost of maintaining drifts in drawing area is high and this work inter- 
feres with production, (c) Variation in rate of production to meet changes in demand for 
product is difficult. Stoppage of drawing for a considerable time may result m complete 
loss of the development openings in the area involved, (d) Extraction is sometimes low, 
and there is constant danger of losing large amounts of ore. (e) Method is inflexible; 
once started, a change to another underground method is difficult. 

Choice between different forms of block-caving (Art 79). Dilution with waste is 
least when surface between ra\x>d ore and capping is kept approx horiz by even drawing 
from chutes. To accomplish this, the ore area must be divided into blocks, mined succes- 
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fiively; maintenance of sub-levels under caving ground of large horiz area is difficult and 
costly, hence trend is toward use of smaller blocks where sub-level block-cavmg is used. 
The Pewabic method is practically obsolete under modern conditions in the U S, due to 
necessity for driving and maintaining extraction opemnga through the caved ore and for 
shoveling all the ore; block-caving into chutes has replaced it. 

Block-caving methods in which the surface between caved ore and capping is an 
inclined plane, and undercutting progresses either through panels or through entire length 
of orebody, minimize the sub-level area which must be maintained for a given daily pro- 
duction, but do so at expense of increased dilution (see “Drawing ore,” Art 79). An 
attempt is made to strike an economic balance between the above factors as modified by 
size and nature of orebody and the output desired. Experience at other properties guides 
initial work, but the final plan of a largo block-caving operation is generally the result 
of long experiment under the local conditions. 

Vertical vs inclined or branched chute-raises. Relative advantages of inclined chute- 
raises: (a) Easier to construct, and, if properly arranged, less apt to clog, (b) Forgiven 
spacing they require less drifting and crosscutting on tramming-levels and subs where oio 
is undercut. Conversely, for a given first cost of lateral development, they may be spaced 
closer than vert chutes, which is essential for uniform drawing, (c) They are applicabh 
in softer ground, since with vert chutes the ore must stand practically unsupported while 
tops of raises are funneled out and sides of sub-level pillars are cut away, (d) They collect 
ore as drawn at comparatively few points on the sub-level below the caved block. Griz- 
zlies may be installed at such points and large lumps spalled before entering the chutc's 
to main haulageways. With vert raises, ore must be collected and trammed from many 
different points, (e) Gates can be operated in branch-raises a few feet below floor of the 
sub where the ore is undercut; hence, when drawing is finished, the capping is drawn down 
only a short distance into the chutes. 

Block-caving into branched chutes is limited to orebodies of large horiz area; one dis- 
advantage is that branch and finger-raises are complicated and must be set by survey 
to come out at proper intervals on the undercutting floor. 

Block vs sub-level caving (Art 78). Relative advantages of block-caving: It is 
cheaper, gives larger daily output from a given area, requires less development per ton of 
ore, natural ventilation is better, and, by caving into chutes, shoveling is eliminated. 
Sub-level caving is possible in softer ore and smaller orebodies; caving is better con- 
trolled, and yields cleaner ore, with a higher percentage extraction. These factors may 
outweigh the advantages of block-caving. 


82. SUMMARY OF CAVING METHODS (See also Art 74, 78, 81) 

General conditions leading to use of caving methods: (o) large-scale work; {b) oro- 
bodies of large horiz area, as wide veins, thick beds, or masses, usually overlain by a cai>- 
ping varying from glacial drift to firm rock; (c) ore which is weak or which, if hard, is 

thoroughly fractured; (d) deposits of 
cheap minerals or low-gi ado ore. in which 
loss of ore or contamination \\ ith waste 
is less serious than for high-grade ore 
(Table 57). 

Requirements for top-slicing, sub- 
level caving and block-caving are stated 
in Art 74, 78, and 81. Absolute require- 
ments common to all caving methods: 
(a) The overburden must cave and 
“follow down,” as the ore beneath is 
removed. A method requiring weight 
on top of the workings is useless unless 
that weight is obtainable from the 
overburden. The capping need not 
always cave to the surface, but it should 
cave sufficiently to protect the workings 
BC « Block-cavil^. SC « Sub-level caving. TS- and furnish the necessary crushing force. 

Capping which hangs up and then drops 
suddenly over considerable areas is very 
dangerous; both the workings and the men may be destroyed. (6) Surface subsidence 

TTllinf. not. inilim vaIiiaHIa nronpr+v nor mpIrA iinrlArerroiinrl worlr Hatifraroiia TVtia 


Table 57.Comparison of Caving Methods 


From the standpoint 

Usual order of merit 

of 

1 

2 

3 

Cheap mining costs 

BC 

SC 

TS 

Clean mining 

TS 

SC 

BC 

Percentage extraction. . . 

TS 

sc 

BC 

Close grading of ore 

TS 

SC 

BC 

Flexibility 

TS 

sc 

BC 

Chance of losing ore. . 

TS 

sc 

BC 

% of ore won by caving . 

BC 

SC 

TS 

Timber consumption (a) . 

BC 

sc 

TS 

Natural ventilation 

BC 

sc 

TS 

Control of caving 

Large output from given 

TS 

sc 

BC 

area 

BC 

sc 

TS 
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which can not be diverted, or under lakes, swamps, etc, which can not be drained. Pres- 
ence of known orebodies, or of virgin ground likely to contain ore, prohibits caving in an 
underlying deposit. 

Orebodies specifically unsuited to caving (P. B. Scotland) : (o) Those which are flat 

and thin, or small and high-grade, or very irregular in shape, (b) Deposits containing 
much waste which must be sorted underground, (c) Deposits containing mixed sulphide 
and oxide ores, or milling and smelting ores, which must be kept separate for treatment. 

General comparison. Note, in addition to the summary in Table 57, that top-slicing 
is best adapted to very soft, heavy ores; sub-level and block-caving, to stronger ores. A 
weak, friable capping favors top-slicing; strong capping which breaks large favors block- 
caving. Sub-level caving always occupies a position intermediate between top-slicing and 
block-caving. Where a choice exists, it usually lies either between top-slicing and sub- 
level caving, or between sub-level and some form of block-caving; for detailed compari- 
sons, see Art 78, 81. 


COMBINED METHODS 


83. GENERAL 

Term ^‘Combined method” designates here a group of mining methods involving a 
concurrent and systematic use or combination of two or more of the methods described 
in Art 29-82. Such methods vary widely and are difficult to classify specifically. They 
are employed chiefly in mining large bodies of soft or hard ore; in general, they are for 
large-scale work and aim at a high extraction. The term does not apply to cases in which 
a minor portion of an orebody is mined by methods other than that applied to the major 
portion of the orebody, even though the use of 2 or more methods may be systematic. 

Combinations used generally involve subdivision of the orebody into a series of alter- 
nating pillars and stopes; stopes are usually shrinkage stopes, with various methods for 
mining pillars (see Table 58). Combinations of shrinkage stopes and block-caving are 
also known as “Shrinkage Stopo and Pillar-caxing,” or more simply as “PiUar-caving.” 

Table 58. Combined Methods 



Method of mining I 

For 

Mine 



I details 

1 In slopes 

In pillars 


see Art 

Kay Consol Cop Co, Ari* 

Shrinkage 

Block-caving 

85 

Miami Copper Co, Ariz 

Shnnkage 

( Shnnkage stoping and i 
\ sub-level caving j 

86 

Braden Copper Co, Chile . . 

Shrinkage 

Block-ca\ung 

87 

Duluth, Cananea, Mex 

Shrinkage 

Block-caving and top-slicing 

87 

C’oronado. An* . . 

Shnnkage 

BIock-ca\ing 

87 

IIuiTiboldt, Ariz 

Shrinkage 

Block-caving 

87 

Silver Dyke, Mont 

Shrinkage 

Block-caving 

87 

Magma, An* .... 

Filled nil 

Timbered slope 

87 

Loretto mine 

S<iuare-8eta (o) 

Top-elicing 

(b) 

N J Zmo Co 

Shnnkage (a) 

I'op-slicing 

87 

Golden Queen, Cal . 

Open eq-set 

Shrinkage, or cut-and-fill, or 




sq-set 

87 


(a) With delayed hlling, Art 67. (6) Not described here, see Bib (.004). 


South African diamond mines use combined shrinkage stoping and sub-level caving 
(Art 88), differing entirely in principle from pillar-caving. Methods at Creighton and 
Beatson mines, Art 68, may also be classed as shnnkage-stopo and pillar-caving systems. 

84, PRACTICE AT BOSTON CONSOL MINE 

General. Shrinkage stopes and pillar-caving were used for about 5 years by 
Boston Consol Co, but wore abandoned in 1914 after the property had been acquired by 
Utah Copper Co, which it adjoins. This company extended its opencut (Art 96) into 
Boston ground and ceased underground mining there. Early method at Ray (Art 85) was 
developed directly from the Boston method; its evolution illustrates many essential points 
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in mining large, low-grade orebodies by shrinkage stopes and pillar-oaving. There are 
two variations, based wholly on differences in mode of handling ore: (a) hand-tramminq 
SYSTEM, in which stopes are opened directly over the drift sets on the levels and ore is 
handled there in small cars to chutes connecting with a haulage level below; (6) sub- 
level or MOTOR-HAULAGE SYSTEM, in which stoping begins from a sub-level above a motor- 
haulage level and ore is drawn down to latter through chute-raises; the sub-level is a 

stoping base only. Orebody is 
a large, low-grade, disseminated 
if A copper deposit, in monzonite 

porphyry, overlain by leached 
capping. It was opened by 2 
adit levels, 150 ft apart verti- 
cally, the upper reaching a max 
depth of 200 ft below capping 
(114). Following data are by 
L. A. Blackner in 1915 (61). 
Hand-tramming system. In 
—-pi ^ — < >“• the early stages, the plan shown 

— -T i*^ Fig 566 was tried. A drift 

■ on the center line of the stope 

_ Capping nearest the ore boundary was 

widened to 20 ft. From it was 
R r;”4p<.l.Road oamed up a shrinkage stope, 

.^>1 access to which was through 

“pole roads” (Art 88) at the 
SEC A A alternate tramming drifts. 

Fig 566. Boston Mine. Hand-tramming System, Cl.utee was shoveled 

at One Side of Stope ends of the drifts, later, 

chute-gates were erected m each 
drift to eliminate shoveling. Disadvantages: (a) max output was limited to that which 
could be produced from one stope; (h) the broken ore iii the stope drew dowm on one 
side, making it difficult for machinemen to work, (c) as cais harl to be loaded at the end 
instead of the side, they slopped over, and much shoveling was required to clean the 
tracks; (d) the widening of the stope floor on the level wasted time and money, as the 
space so formed was filled with unrecoverable ore; (c) final extraction was lovv\ as ore 
in rear of stope could not be rc- 


Mftla Drift — 
SEC B B 


Fig 566. Boston Mine, Hand-tramming System, Chutes 
at One Side of Stope 


covered. 

Fig 567 shows a later plan. Chute- 
gates, 30 ft apart on each side of the 
stope, made it possible to draw the 
swell of the broken ore more evenly, 
and to secure higher final extraction; 
also several stopes could be worked 
simultaneously. But, with the chute- 
gates so arranged, the miners had to 
work at times in the middle of the 
stope, where the back was continually 
sloughing off, and in starting a stope 
some ore had to be shoveled from the 
middle to the sides. Ventilation was 
poor, the pole roads gave trouble, 
and the other disadvantages of the 
plan in Fig 566 persisted. Moreover, 
the large openings caused by placing 
the crosscuts from the tramming 
drifts opposite each other weakened 
the bases of the pillars, making it 
difficult to maintain the tramming 
drifts. 


ttj Tramming Drift 

j_JUU'UlUUUL4 



tramming level, plan 



SEC a a sec B B 

Fig 567. Boston Mine, Hand-tramming System; Chutes 
on Both Sides of Stope 


Fig 568 shows the final stage of the hand-tramming system, before underground 
mining ceased. The development work was halved by running tramming drifts in alter- 
nate pillars only; crosscuts were staggered, reducing the size of opening at their entrance 
to a minimum. Two chute sets were erected in each crosscut at the stope center, to provide 

‘fV.A a-fA-rvA ina^-An.^ r\f ^-Ka cirlAO Y'VtA a^'ArvA txrAi-A 'fVtA lAxrAl on.4 
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did away with expensive drifting and widening on the stope floor and made it possible to 
recover all the broken ore. Manway raises were put up in alternate pillars at 60-ft 


L ; ^ 

CLute 

' F 


Portion of Stop* 
Widened Out 





iitope XJnutei mt«i > Motor U»el 

VERT-8E0 A-A ®EC SB 

Fig 569. Boston Mine, Motor>haulage System 

cracked and the raises became unsafe. Manway drifts were good in hard ground, but in 
presence of seams and faults they caved; also the drifts and crosscuts on the level reqmred 
much retimbering. The arrangement of chutes in Fig 50S required a tram uneconomically 




10-374 


COMBINED METHODS 


long for hand work. The detail of caving pillars and drawing ore was not worked out; 
added drifts would have been needed on the levels to extract the pillar ore. 

Sub-level or motor-haulage system (Fig 569). Stopes are at right-angles to the 
drifts on the motor level and are opened 30 ft above it by widening the stope drifts 5, 
which connect the tops of the chute-raises; the latter are spaced 25 ft apart along center 
lines of stopes. The manway entrances to stopes gave trouble in this as in the hand- 
tramming system. At first, raises were put up from the motor drifts 100 ft apart along 
center lines of alternate pillai-s, with break-throughs at 50-ft vert intervals. The pillars 
usually faulted or sloughed before the stopes reached the capping, and cut off these entriea 
Fig 569 shows the next plan tried. Sub-levels, 50 ft apart, were oi)ened by driving man- 
way drifts through alternate pillars, then crosscuts to stope lines at 100-ft intervals along 
drifts, and a pole road up the stope wall from each crosscut. Manway raises, from motor 
level to 1st sub were located as in the plan of Sub 2, Fig 569; all subs were connected to 
a raise outside of orebody. This network of openings gave numerous entries to stopes, 
but were costly; where pillars cracked, the manway drifts had to be timbered and wore 
expensive to maintain. The pole roads also were troublesome; ore produced in driving 
them could not be easily handled in Sub 2, and at times their walls broke wide, requiring 
expensive blocking and timbering to keep them open. 


86. PRACTICE AT RAY MINE, ARIZ 

General. Present method at Ray is usually classified as block-caving (see Art 80), 
although some shrinkage stoping is still done in connection with caving operations. L. A. 
Blackner (61) in 1915 described former shrinkage-stope and pillar-caving, as below, indi- 
cating the stages of evolution to the present method. Successive changes have tended 
to increase the ratio between ore broken by caving and that by drilling and blasting. 
For data on orebody and development, see Art 80. 

Development. Two vert hoisting shafts were required for the large area mined by 
shrinkage stopes and pillar-caving. There are 3 main motor-haulage levels; drifts are 
heavily timbered, and are double-tracked near shafts to facilitate handling trains of cars. 

Motor-haulage system. Early method. Attempts to use stopes and pillars of same 
size as at Boston mine (Fig 569) failed. To make the 30-ft pillars cave, longitudinal 
shrinkage stopes 8 or 10 ft wide had to be nm through them. Even then, the 10-ft 
pillars remaining required at their base narrow pillar-stopes, 8 or 10 ft high, to make 
them crush, which was costly and unsystematic. Vert raises were put up from the motor 
drifts to the sides of the stope, but the excess ore could not be drawn evenly. The sub- 
level arrangement of Fig 569 furnished access to stopes. A later method involved 
radical changes. Stopes 15 ft wide were spaced on 25-ft centers, leaving 10-ft pillars. 
Only 2 sub-levels were driven; one 30 ft alx>ve the motor level, and one usually 100 ft 
higW, near top of orebody, for a manway and ventilation. The sub-level manway drifts 
were at right-angles to the stope center lines, instead of along the pillars. Manways 
were provided in the pillars by raises from the lower to the upper sub-level at 100-ft 
intervals along the stope. Operations comprise 8 stages: Stage 1: Drifting on motor 
level. A main drift (Af, Fig 570), 7 by 8 ft in the clear, is driven along one edge of the 
orebody. From M parallel motor drifts C, 50 ft apart, are turned off on 60-ft radius 
curves and run to a “fringe drift” F, near the opposite side of the deposit. At some 
point outside the orebody, a 2-compt, cribbed raise R, the ‘‘permanent raise,” is put up, 
and from it sub-levels are opened. Stage 2: Chute building on motor level. Within 
the ore limits, drifts C are timbered with full sets, surmounted by pony-sets (Fig 572) ; 
angle braces and filler blocks are used in heavy ground. Chute-gates (Art 90) are built 
in the pony sets every 12.5 ft along the drifts, 2 gates being placed opposite each other in 
each set. Alternate pairs of gates (“stope chutes”), 25 ft apart, serve for drawing ore 
from stopes; the others (“pillar chutes”), halfway between the stope chutes, are for drawing 
pillar ore. Outside of the orebody, there are no pony sets in drifts C; the drift sets have 
12 by 14 caps and 10 by 12 collar braces. Stage 3: Manway drifts, stope drifts and chute- 
raises. While driving drifts C, the 1st sub-level, 30 ft above, is opened. Manway drifts 
K, Fig 570, are 5 by 7 ft and 100 ft apart; they are 12.5 ft to one side of corresponding 
drifts C below, for connecting with raises L (Sec A A, Fig 570). Stope drifts 8 are driven 
25 ft apart over the entire orebody, and are directly over the stope chutes on the motor 
level. Chute-raises about 6 ft diam are then put up from the stope chutes, on an incline 
for 10 ft and then vertically to the stope drifts. On the 2nd sub-level, manway drifts 
N are driven directly over drifts K. Stage 4: Manway raises, belling out chute-raises, 
widening stope drifts, building manway sets. Manway raises are put up to drifts N at 
25-ft intervals along drifts K\ as their centers are 7.5 ft from centers of stope drifts 
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they are bisected by the stope wall; chain ladders are hung in these raises, 
chute-raises are funneled 




The tops of the 


, Permaoe&i Raise R 

I 1 ^ Motor Hsvlajc to Shaft— 


J jjTaTflJtZffit ^X- 

=^K // M 


while driving manway 
raises; this is done with 
stope-drills putting in up- 
pers. Stopes are started 
by drilling a line of holes 
slanting into the sides of 
the stope drift ; these holes 
and those drilled in bell- 
ing the chute-raises widen 
the stope drift to 15 ft. 

Manway sets are erected 
in the drifts A, directly 
under the manway raises, 
as soon as the stope drifts 
are widened; the man- 
way sets consist of drift- 
sets, standing on 8 by 
8-in stringers projecting 
into the stopes; 3 by 3-ft 
cribbed manways are built 
up from these sets through 
the broken ore as the 
stopes advance. Stage 5 
consists of mining the 
stopes to the capping. 

For mode of breaking 
ground, see Fig 174. The 
broken ore swells about 
33%, The cribbed man- 
ways are abandoned when 
the stope is halfw^ay to the 
2nd sub, after which the 
miners pass through the 
manway raises. In hard 
ground, stopes are 15 to 

20 ft wide; in soft, slough- VERT SEC A A 

ing ore, 10 to 15 ft wide, p.^ Motor-haulage System (showing 5 stages of work) 

Stage 6: liefore drawing 

the stopes, the pillars are undermined by one of the following methods. Method 1 (Fig 573), 
used in hard ground where stopes are 15 to 20 ft wude, leaves narrow pillars easily under- 

Surfaoo 



Fig 571. 


Ray Motor-haulage System 



mined. Pillar raises, run from the pillar chutes (2nd stage), start in the piUar nearest 
fringe drift F (Fig 670). After connecting the raises along a pillar, they are widened, 
lined with deep holes and blasted. This is repeated in successive pillars, retreating 
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towards main drift M. Method 2 (Fig 673) is used in soft ground, where pillars are wide 
and stopes narrow. Drifts are driven along center lines of pillars, 22 ft above the motor 
level (Fig 571), and chute-raises are put up to them on flat inclines from the pillar chutes. 
Raises are funneled at the top and pillar drifts widened as desired. The backs of the 
drifts are then blasted with deep holes (Fig 673). Method 1 is cheaper and is used where- 

ever pillars are narrow 
to allow it. Stage 
Coap 7: Drawing ore (“reserve 
fsTTfe drawing”). Generally the 
orebody and capping are 
fractured, so that when 
the pillars in a stoped 
area are caved and the 
ore drawn, the capping 
breaks to the surface along 
a nearly vert plane at the 
edge of the area. In areas 
where haulage drifts are 
to be abandoned, the 
chutes near the fringe 
drift are drawn faster than 
the others, so that the 
capping assumes a slight 
incline toward this diift; 
by the time the drifts take 
weight, all the ore beyond 
IS drawn, which avoids 
expense for retimbering. 
Only a few cars of ore are 
drawn at a time, to induce 
gradual settling of the 
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Fig 572. Ray Motor-haulage System, Drift Sets, Pony Sets, and capping, with minimum 
Chute-gates loss and dilution of ore. 

When drawing chutes, the 

motorman runs empty cars through the fringe drift into the back ends of drifts C\ Fig 570, 
whence they are trammed to the chute. A chute blaster or loader loads the car, and 
one trammer pushes it toward the main drift while another spots an empty. All dnfts 
have a 0.25% grade in favor of the load. AVhen an 8- or 12-car train is loaded, a motor 
hauls it through the mam drift, returning the empties to the back end of the motor drift. 
The highest efficiency results when only 2 trammers and 1 loader are used in a drift. In 
one case 6 trammers, 3 loaders, 2 machinemen (for blastmg boulders iu chutes), 1 mucker 
and 1 timberman (for repairing 
damage to chute-gates by blasting) , 
working in 4 drifts, loaded an aver 
of 150 tons per 8-hr man-shift. A 
boss, a timberman on general repair 
work and a car checker are em- 
ployed in each reserve-drawing 
section. (See Hand-tramming sys- 
tem for further detail.) Stage 8: 

Cone-drifting. After all chutes in 
a block are drawn to the capping, 
the ore below the sub-level in the 
pillars between the motor drifts is 
recovered. Small, timbered “cone- 
drifts,” parallel to drifts C, are 
driven on the motor level in the 
enters of the pillars (Sec A A, Fig 570). Chutes are built opposite each other in every 
set along the drifts. A small shrinkage stope directly over the drift is widened and carried 
to the sill floor of the 1st sub-level. Ore is trammed to a winze at end of drift, and 
dumped to the motor level. When all the cone-drift chutes are drawn to the capping, 
the remaining pillars are mined by slicing. Thus, all ore above the motor-haulage floor is 
eventually recovered. 

Hand-tramming system (Fig 674, 675). Development on tramming levels comprises 
parallel drifts 2>, 25 ft apart and connected with fringe drifts F, near edge of the ore 



METHOD NO 1. PILLAR RAISES 
Hole! 



Fig 573. 


PUlmr Drift 
PilUr Drift 
Motor Level 

Drilled and readj 
to be Blasted 

METHOD NO 2. PILLAR DRIFTS 

Ray Motor-haulage (6th stage), Undermining 
Pillars 
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Drifts are timbered as in Fig 676, using angle braces only in heavy ground. Caps are 
lagged with 4 by 10-in plank; posts 
with 2 by 8-in, placed as indicated. 

Btope chutes are 25 ft apart along 
tramming drifts. A permanent raise 
R is put up as in the motor-haulage 
system, and a sub-level opened 75 to 
100 ft above the tramming level. 

The sub-level consists of manway or 
ventilation drifts, 75 ft apart and 
directly over every 3rd tramming 
drift i>; manway drifts are turned 
off from a drift overlying one of 
the drifts F. Vert raises, with chain 
ladders, are put up from D to the 
manway drifts, as in the plan, Fig 
574, and in Fig 575. Stupes, 15-18 
ft wide and 25 ft apart, run at right- 
angles to D, and are started from 
the stope chutes by diiving inclined 
chute-raises, 2 sets (10 ft) wide, to 
meet raises from adjacent drifts and 
foim hogbacks in stope floor (Fig 
574). Tops of these raises are 
widened and stope carried up as in 
motor-haulage system; 3 by 3-ft 
cubbed manways through broken 
ore directly under manway laisea 
give access tn stupes. Underminino 
THE PILLARS (Fig 577). Pillar chutes 
are built in drifts D, Fig 574, be- 
tween the stope chutes. Raises in 
Fig 577 are driven from the pillar 
chutes, widened and blast-ed, re- 
maining ore in the Vdock (about 80% 
of total) IS then ready to bo drawn. 

Some ore packs m cones over the 
hogbacks between tiamming drifts; 
in the higher-grade oie it is recovered 
by cone-diiftmg, as in motor-haulage 
system , in low-grade ore, cones and 

hogbacks are caved with the lift VERT SEC A A 

below. Dumping CHUTES, connect- Fig 574. Ray Hand-tramming System 

ing with a motor-haulage level, are 
built at ends of each drift D, Fig 574. Drawing ore differs from drawing in the motor- 

haulage system, because the pillar 
over drifts D is too small to take 
the weight off them. This difficulty 
is met as follow^s: (a) If large blocks 
are drawm evenly over their entire 
area, great pressure is brought upon 
the tramming drifts and timber re- 
pairs are excessive. Hence a “reced- 
ing method” of drawing is adopted. 
The 2 pillars farthest from the per- 
manent raise are caved first, and the 
chutes farthest from the permanent 
raise are drawn fastest. As soon as 
the first row of chutes runs capping, 
the next pillar is undermined and 
caved. Thus, no area greater than 
Fig 675. Ray Hand-tramming System 50 to 75 ft wide is crushing at one 

time. A steep slope is maintained 
between caved ore and wasto. (5) Rapid drawing is advisable, as it usually allows the 
ore from an undermined area to be recovered without timber repairs. To secure fast 
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work and low costs, the number of trammers and muckers must be properly proportioned 
to the non- producers (timbermen and chute-blasters). There should be as many tram- 
mers as can work without interference. Chutes at each end of the tramming drifts facili- 
tate rapid handling; other chutes in 
the middle of each drift weaken the 
drifts and make them crush. In one 
section, with chutes as in Fig 675, 
8 trammers handled 97 tons aver 
per 8-hr shift, (c) Drawing opera- 
tions are systematized. Owing to 
the large number of chutes being 
drawn at one tune, a continuous 
record must be kept of each, to know 
constantly the tons remaining and 
the assay. The car checker notifies 
the boss which chutes are ore and 
which waste, so that he can place 
his men advantageously and know 
when to undermine the next pillar. 
The boss is responsible for a steady 
output, the car checker for the assay 
(d) Broken timbers in drift sets are repaired promptly, by 
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Fig 576. 


Ray^Hand-tramming System, Drift-sets and 
Chute-gates 


value of the ore drawn, 
rushing the work from each end of a damaged section ; neglected repairs mean lost ore. 
Drifts never collapse suddenly, and those taking weight are generally detected in time 
to speed up the drawing and recover 

all the ore before they become im- Raises Uslscs 

passable ; this effects a large saving ^ /lUisefl CoMected to 
in timber repairs* 

Modifications of Ray system, 

described by G. J. Young in 1926 ^ 

Trammiag 



Fig 577. Ray Hand-tramming System, Undermining 
Pillars 


(593) follow. Hand tramming. 

Fig 578 shows procedure in soft ore. 

Layout of tramming drifts, sub- 
levels and raises is as in Fig 574. 

Shrinkage slopes S are put up to the capping at intervals of 50-75 ft. The block be- 
tween caved ground and nearest slope is undercut from raises 15 ft c-c along tramming 
drifts. These blocks are drilled with fan-shaped rounds and blasted successively, start- 
ing next to slope and working 
toward the cave. Drawing chutes 
are built in each set m the tram- 
ming drifts. When a block is com- 
pletely undercut, drawing retreats 
from the cave to next block. 
This plan lessens dilution by waste. 
Motor-haulage is also modified 
in soft ground, to increase per- 
centage of ore broken by caving. 
Every 3rd shrinkage slope reaches 
the capping; intervening slopes 
are only 25 ft high, their backs 
being drilled with fan-shaped 
rounds to break the 10-ft pillars 
between them. The pillars are 
also undermined on 1st sub-level 
(Stage 6 above) . Shrinkage slopes 
are also carried up on the sides 
of blocks thus mined, each block 
being cut loose from surrounding 
ore on all 4 vert sides. 



Tramming ^ 

drifts 25' centei^ 

connecting to fringe 
dnft and ore trana- 
f«ri to haulage level 


Fig 578. Modification of Ray Hand-tramming System 
for Soft Ground. (Perspective view) 


Summary. The Ray systems have been used in both hard and soft ground. Large 
tonnages are produced per man; as stopes and pillars are mined systematically, the men 
soon become proficient. Timber consumption is relatively small; the amount of raising 
and drifting compares favorably with that of other methods in similar orebodies. The 
systems are flexible as to output; practically any number of men may be used during active 
operations and a corresponding tonnage produced. 
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Motor haulage is applicable only to orebodies of large area and of a height exceeding 
30 ft, otherwise the cost of driving and timbering the stope laterals and of equipping and 
laintaming the haulage levels is not justified, and hand tramming is more economical. 
DVANTAGE OF MOTOR HAULAGE it 18 suitcd to large outputs, especially during reserve 
rawing, when the output is limited only by the efficiency of the haulage and hoisting 
lants Advantages of hand tramming in smaller and thinner orebodies (a) lower 
iitial development cost, (6) less timber required, (c) higher extraction, as chutes can be 
uilt in every set m both the original dnfts and cone-drifts. With motor haulage, the 
illar between the sub and motor level is dangerously weakened if chute-raises are spaced 
30 close, (d) blocks of ore can be opened and production started sooner Disadvantage 
F the Ray system is that a iaige amount of capital is tied up in the broken ore for a 
onsiderable time This is a drawback of all shnnkage-stope and pillar-ca\ mg methods 
compare with disadvantage d, Art 69) 

86, PRACTICE AT MIAMI COPPER MINE, ARIZ 

Orebody (Art 80) System described below was applied from 1910 to 1916, incl, to a 
lock of relatively hard ground in the western end of the property containing 2 300 000 
3ns See Art 72, 80, for methods used in other parts of orebody 

General plan Shrinkage stopes and pillar-cavmg were used, stopes, 50 ft wide and 
00 to 500 ft long, pillars, 50 ft wide Originally the pillars were to be mined by sub- 
ivel stoping (Art 43), leaving broken ore in the stope, but it was difficult to drill “down” 
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Fig 580 Miami Method, Part of Tramming 
Level 


olcs, and a shrinkage-stoping and sub-level caving method, similar to that at Kimberley 
Art 88), wa'5 finally adopted Ore was drawn simultaneously from both shrinkage and 
•illar stopes, to make the capping settle evenly This was called locally the Wide stope 
nd pillar system Following data are from D B Scott in 1916 (154) 

Development comprised a haulage level, a drawing-ofT l^vel, the sub-levels for stoping, 
nd raises for handling ore and foi access to stopes (I'lg 5<9) Added sub-level drifting 
^as necessary to determine the boundaries of the orebody , its general outline was found by 
hum drilling ( \rt 10-b) Hai ij^ob level was 50 ft below the stopes By drifting 
inder the long axes of both stopes and pillars (Fig 580), trams of cars could be loaded 
long an entire stope without uncoupling, this allowed the rapid drawing of excess ore so 
lesirablo during stoping Also with chutes 25 ft apart, this plan required a minimum 
mount of development 10 by 10-in timber was used m haulage drifts, with 9-ft posts 
Hd 8-ft caps, sets, 6 25 ft apart (Fig 634, Art ^K)) Dr\wing-off level, a distinctne 
oaturo of this method, was 25 ft above the haulage level, it consisted of drifts parallel 
o those on the haulage level, with a fiinge drift at each end for entry and ventilation 
Fig 581) Drifts were on centei lines of stopes to secure a symmetrical arrangement 
if raises for drawnng ore (Fig 579) For convenience m putting up vert development 
aises in the pillars, the pillar drifts were 5 ft off the pillar axes, this arrangement was 
ater modified so that symmetrical drawing raises were possible also m the pillars The 
Irawmg-off level drifts were timbered with 10 by 10-in sets 5 ft apart, using 8-ft posts 
ind 7-ft caps In some dnfts, these sets were almost intact after nearly 2 years ICxpen- 
‘nce showed that a min amount of lagging should be used on these sets, that it should be 
ight (2-m) and spaced 2 or 3 m apart (For timbering at chutes, see Fig 582, 584) 
=Iai 9E8 Chute-raises C, Fig 679 (“pocket chutes”), were 25 ft apart They were 5 ft 
iquare, each holding 15 tons; for cribbing, 8 by 8-m timber proved most economical, a 
•epresentative group of chutes showing a cribbing life of 12 430 tons each Grizzlies 
vith 18-in sq openings were placed on the drawnng-off level; they were set several inches 


10-380 


COMBINED METHODS 


Slope Line 

=--g=.grt-^ 8 8 8^ g 8 g 8 

P«,IUI,^ PiJIarLlM 


VI*jUqUj.U;jUcjUqU 

Slope Line 

pg^8 g i-i g 8 8 8 g 8 8-U 8 8 = 


^ S !;&» g ^i'°§ 8 8 8 8 8 


above the collars of the raises, to permit easy working when the grizzlies blocked. In- 
clined raises R, Fig 679 (“stope raises”), were driven from the drifts to the stope floors at 
points over the pocket-chutes. Originally, vert raises were run from the back of drift 

to center line of stope; they proved diflicult 
and awkward to draw. Stope raises (un- 
timbered) were 6 ft sq at the bottom and 
funneled at the top. Development raises P, 
Fig 579, were 50 ft apart along center lines of 
pillars. During pillar-mming, intermediate 
raises reduced the interval to 25 ft. liaises 
(not shown in Fig 579) similar to the stope 
raises were put up under the pillars from the 
drawing-off level. In earlier work they were 
in the plane of the stope raises (Fig 581); 
later, in planes halfway between the latter (Fig 583), an arrangement probably more 
effective in drawing ore. “Pony raises,” largely used in drawing pillar ore, and located 
midway between the regular raises (Fig 581), were put up from “pony sets” (Fig 584). 

This allowed ore from pony raises to 
run on slides to the pocket chutes, and 
doubled the number of openings into the 
floor of the pillar. The pony sets, of 12 
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Fig 681. Miami Method, Part of Drawing- 
off Level, Directly over Fig 580 
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Fig 583. Miami Method, Plan of Stope Floor 


by 12 timbers, were 8 ft high inside, which was found better for Ixith drawing and 
repairs then 6-ft sets. Sub-levels were opened in the pillars from raises P, at vertical 
intervals of 25 ft (Fig 579). Drifts were driven on the long axes of the pillars to the 



Fig 584. Miami Method, Pony Sets, Chute-gates and Transfer Slides in Pillars 

ore limits, with crosscuts 50 ft apart to the stope boundaries. This plan was selected 
as best, after trying several others. As originally planned, the Miami method called 
for continuation of the crosscuts across the stopes, but they were abandoned on finding 
that they could not be economically used as points of attack. Development ratio. 
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Including all openings in stopes and pillars, 46 tons of ore were developed per ft of 
drift and crosscut, and 200 tons per ft of raise. 

Shrinkage stopes were started by funneling the raises to a top diam of 15 to 20 ft; their 
rims practically touched over the whole stope (Fig 583). Funneling was done by uppers 
drilled from a set-up in the raise; down holes around the collar were unsuccessfully tried. 
The sides of the stope (50 ft wide) were next squared up, and stubs between funnels 
blasted out. This excavation connected with the pillar crosscuts on the 1st sub-level, 
which served as entries to the stope. Fig 585 and 586 show steps in the mode of breaking 
ground. Drilling began along the stope sides, as in Fig 174, Art 28. The swell of broken 
ore was 39% ; enough was drawn to keep a 6 to 8-ft space under the back. Max height of 
stopes, 125 ft; in most cases, ore was broken to the capping, completed stopes being left full. 




Fig 586 Miami Method, 
Honz Sec through Stope, 
showing Drill Holes 


Pillar-mining began at the edge of the ore on the top sub, and progressed downward 
and along the pillar (Fig 587), to provide a safe exit and insure even settlement of capping 
(compare Kimberley method, Art 88) . As pillars took weight when the capping over them 
was dislodged, they had to be mined quickly. Hence 3 or 4 sub-levels were attacked 
simultaneously, the working faces on adjacent subs being kept 1(X) ft apart. In mining 
pillars, crosscuts were driven halfway between the original ones, to furnish more drilling 
faces. After ciosscutting was well advanced on the top sub, the end of the pillar was 
undercut by uppers drilled outward from the faces of the central drift and the end cross- 
cut. Enough shoveling was done for setting up drills on the broken ore, and long holes 
were put in the hack. Usually, no ore was bioken on the highest sub nearer than 10 ft 
to the capping Similar working faces sloping alxmt 45® (Fig 587) were opened succes- 
sively at the end of the pillar m lower subs. Fig 588 shows routine of drilling in retreating 
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Pillars 
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Fig 588. Miami IVTethod, Drill Holes in 
Pillars 


along a sub. The first round from the drift and crosscuts broke to about 12 ft above the 
sub; the 2nd round, for which long bits could be used, increased this height to 20 ft. 
Holes were often drilled to the broken ore above, but the remaining 5-ft arch usually caved. 
Attempts were made to drill 5-ft holes in the floor of the sub, to assist subsequent caving 
of this arch, but the ground ‘’raveled” so badly that the collars of these holes had to be 
cased with 3-in pipe to prevent fitchering. These holes broke poorly and were given up. 
Excess ore was shoveled to raises P, Fig 579, and to intermediate raises in the pillars. 
Just before each raise was abandoned and covered by broken ore, lagged stulls were placed 
in it about 5 ft below the sub-level. This is important in pillar-mining; if raises were not 
covered, the capping would “pipe” down through them and prevent proper breaking. 
As each raise was reached in mining on the next lower sub, a similar stull platform was 
built, and the sliulls above were blasted out. Mining on the lowest sub, or sill-floor of 
the pillars, was subject to modifications imposed by the pony raises, which halved the 
distance between the regular 25-ft drawing raises. All raises were funncled in retreating 
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from the end of the pillar. Funneling was not carried more than 25 ft ahead of pill 
breaking, because it undercut the entire width of pillar. To protect drillers in case brok< 
ore settled suddenly in the raise, machines for drilling the back were set on 10>in stringe 
across the funnels. 

Drawing broken ore systematically began on completion of about 70% of all sto] 
and i>illar-mining; no drawing was permitted within 100 ft of any active mining. Dra^ 
ing of a stope next to a pillar in process of being broken was tried, and caused the pill 
to crush and sway. The weight on the drawing-off level during the drawing period vari( 
greatly at different points; at first, some ground was very heavy, with apparently no weig] 
in other places. Probable causes: (a) Combined height of capping and ore in northei 
part of section mined was 465 ft; in southern part, 350 ft. In the northern section, son 
drifts required complete retimbering; in the southern, only 20% needed repair, (b) ] 
one small section, the pillars could not bo broken from top to bottom; drawing-off drif 
below unbroken blocks were always heavy, probably due to unequal distribution of tl 
weight. In a large area, where all conditions were good and the pillar breaking mo 
complete, about 70% of the timber on the drawing-off level was still standing after 3 yeai 
(c) Weight on drawing-off drifts decreased after drawing on a large scale had progress( 
over a considerable area, probably due to a wide and even distribution of weight. 

Pillars between drawing-off drifts took little weight. The drawing-off level is adva 
tageous in taking pressure off the haulage level, sections of which were intact after 5 yeai 
even beneath badly crushed drawing-level drifts. The max repair cost in any drawing-c 
drift did not exceed lOff per ton of ore drawn on it; the aver was much lower. Drawn 
operations were conducted so that the surface between broken ore and capping dipp< 
about 15° W. Hence the final stages were reached first at western boundary and retreats 
eastward. Drawing was planned to cause even settlement of the capping. The ore ri 
most freely when drawn from a series of chutes in a plane at 90° to the direction of retret 
or crosswise instead of along a stope or pillar. In some stopes, the ore packed tightly 
the chutes in the long time elapsing between sloping and drawing. To start such chute 
pony-set raises were sometimes put up from the drawing-off level halfway between tl 
drawing raises. Inclined raises 15 ft long were driven on each side of the drift to brok( 
ore on the stope floor. The tops of the raises were funneled just before they broke in 
the stope; blasting of funneling rounds loosened the broken ore above and usually that 
the adjacent drawing raises. This method had the disadvantage that the pony sets to( 
weight and were expensive to maintain. To start the flow of ore in packed chutes witho 
extra raises, the back of packed ore over the drawing raises was temporarily supported I 
heavy stulls. Small drifts were then driven in solid ground, parallel to the long axis 
the stope and about 15 ft above the drawing-off level. These drifts connected a series 
hung-up raises. Starting at the end of the drift, vert and horiz holes were drilled aero 
the stope; these blasted out the legs between the regular raises and left an arch of broki 
ore which always collapsed, bringing down the stope ore. No accidents occurred in wor 
ing under the packed ore. 

Cost of drawing ore. In 1 yr, the aver rate of drawing about 400 000 tons of ore in 
pocket chutes was 118 tons per man-shift; monthly averages, 94 to 142 tons. The 
figures include all labor directly employed in drawing. Under very favorable conditio 
the tonnage per man for several shifts exceeded 200 tons. Aver cost of drawing this o 
into the chutes was 3.7^ per ton, for labor and explosives. Where chutes hung up, tl 
cost for short periods reached 15^ per ton. (Costs prior to 1916.) 

Extraction was 95% of the total tonnage in a block of 1 700 000 tons. Detailed da 
showed the recovery from stopes was about 10% greater than from pillars; some pill 
ore was undoubtedly drawn through the stope-chutes and vice-versa. Extraction ar 
ease of drawing improved with the hardness of the ore; soft ores were more apt to pac 
In a few chutes where the ore was tightly packed, drawing removed a cylindrical mass 
ore about 14 ft in diam, extending to the capping. This tendency of chutes to “ravel” 
the capping without drawing from the sides is greatest in soft ores which are compressed I 
pressure; raveling may contaminate large tonnages of ore with capping. These fac 
suggest that many raises per umt of area tend to a higher extraction than fewer wr 
large funneled mouths. 

Secondary recovery of ore. After finishing drawing, some broken ore remained 
wedges over the drifts and along boundaries of stopes and pillars. Ore above the drawii 
drifts was recovered by shooting down their backs, retreating from the ends of the drifi 
In this work, the output per man-day averaged 40 tons. To recover ore along old pill 
lines, intermediate drifts were driven between the original drawing-off Chut 

and supply-raises at 200-ft intervals were put up to these drifts from crosscuts in tl 
tramming level. The drifts were supported by 12 by 12-in sets, 4.16 ft apart. Chut 
gates were built in each set. A shrinkage stope 20 ft wide was then carried above the drii 
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until loose ground was met or caving occurred. The ore was trammed in small cars to 
the raises, the max tram being 100 ft. 

Undercut caving with hand-tramming later replaced abovenjescribed method; for 
details, see Bib (601) . For more recent applications of block-caving, see Art 80. 

87. MISCELLANEOUS EXAMPLES OF PRACTICE 

Braden mine, Sewell, Chile. Data from J. S. Webb and T. W. Skinner (289) in 1932. 
For geol features and block-caving, see Art 80. Shrinkage-stopb and pili.ar-cavino, 
closely resembling Ray system (Art 85), was used prior to block-caving. Original stopes, 
normal to strike, were 7 m (22.95 ft) wide, separated by 10-m (32.8-ft) pillars, and were 



Vert Sec Parallel with Strike 


Fig 589. Original Development by Crosscuts, Braden Mine, Sewell, Chile 

carried to a vert height of 100 m (328 ft). As these pillars tended to arch and failed 
to cave properly, their thickness was reduced to 5 m, stope width being kept at 7 m. 
Caving of pillars still proving unsuccessful, their width was reduced to 3 m, and the stope 
width to 5 m, with satisfactory results. Development. Stopes and pillars were orig- 
inally developed by crosscuts C (Fig 589), at intervals depending on stope and pillar 
dimensions. Each crosscut served 1 stope and the pillar in which the crosscut was driven. 



Fig 690. Spacing of Drill Holes in Shrinkage Stope, Braden Mine, Sewell, Chile 


DiflSculty in maintaining crosscuts during pillar-caving led to replacement of crosscuts 
by drifts D (Fig 590) on 8 or 12-m centers, direction of stopes and pillars remaining 
normal to strike. Shrinkage stopino. Access was by cri^bbod manways M at each 
end of stope. In shrinkage operations, miners worked in pairs, drilling per shift a section 
of back about 10 m long. Stoper-drill holes, 6 ft deep, were spaced 1-1.25 m apart longit, 



vening pillars which were caved and drawn with the stope ore, were used in one area whc 
ore was siliceous and quite hard. Pillars were 25 ft long ; stopes 40-160 ft long; height 
lift, 100-150 ft; width of vein, to 40 ft. Branched raises were put up from a haulage le'^ 
to a drawing-off level 45 ft above; their tops were connected by timbered crosscuts, frc 
which stopes were opened; access to stopes was by manway raises and breakthroughs 
the pillars. Before drawing, the pillars were undercut and also cut free on top; pill 
ore was drawn at same tim^ as the stopes. Output, about 14.5 tons per man-shift. 

Humboldt mine, Phelps Dodge Corp, Morenci, Ariz; operations suspended in 19C 
Data from M. Mosier and J. Martin in 1925 (600). Orebody is large and carries abo 
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2 % Cu; ground harder than in most “porphyry” mines; Art 73, 80 give details and other 
methods used. The timbered-slide method (Art 80) was used above the 350-ft level to 
“base-level” the deposit there. Following method, locally called “Morenci block-caving,” 
used on lower levels, combined shrinkage-stope with pillar-caving, somewhat like the Ray 
(Art 85) and the Inspiration (Art 80); where ore was weak enough, it was modified to 
straight block-caving into chutes (Art 79). Development. Levels comprised haulage 
drifts 56 ft apart. At first, branched raises sloping 60° (Fig 592) were put up from the 
drifts at 28-ft intervals to a grizzly level 45 ft above; these proved too flat, and caused 
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Fig 693. Haulage-level Ra’sea, showing 
Fingers and Grizely Stations, Humboldt Mine 
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Fig .594. Change from Shrinkage Stopes and 
Pillar-caving to Straight Block-caving, Hum- 
boldt Mine 


drifts and crosscuts connecting tops of finger raises. Access to stopes was by small pilot 
raises to the level above. Undercvttino. A pillar was undercut when stopes on both 
sides were (omplctod. Drawing. See Art 79 for percent extraction and detail of practice 
in block-caving, which ai)i'>lie8 also hero. Table 59 gives slope of contact between waste 
and ore in stopes during drawing. In drawing a stope with a high lift, a wedge of broken 
ore was left on sides of the block next to future stopes; slope of such wedges was steepened 
to 70°, to minimize amount of ore tied up; wedge was drawn with ore from the later stopes. 
Fig 694 shows modifications of stope and pillar widths to suit strength of ore; in softer 
ground, ore would cave if cut loose by boundary stopes and undercut; method then be- 
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came straight block-caving. In such cases, horiz undercutting was done by connecting 
tops of finger raises by drifts and occasional crosscuts, belling tops of finger raises, and 
shooting pillars simultaneously in areas 56 by 14 ft. Operating data in Table 60. 
For further details see Bib (99, 600). 

Table 59. Slope of Contact Between Caved Ore and Waste During Drawing, 
Humboldt Mine, Ariz 

Slope of contact between caved ore 

Height Character Method Drawing and caved capping during 

of of of time, drawing (a) 

lift, ft ore imning months 

Max, deg Min, deg Aver, deg 

1-48 55 TS 8 70 47 60 

A-38 70-100 H TS 10 88 55 72 

A-48 55 (6) MI 12(c) 76 62 69 5 

A-54 90 id) MB(e) 12 77.5 66 70 5 

4-34 140-200 (g) MB(f) 5 62 6J 61 

(a) Slope given is the angle between a horiz line and the contact as measured from draw-charts 
(see Extraction, Art 79). (6) Harder than stope 1-48. (c) Not including 2 months, when drawing 

was stopped, (d) Stope heavy at times and shallow transverse shrinkage stopes were run in front 
of undercutting area to relieve it (Art 79). (e) With flat undercut. (/) With shrinkage stopes and 

pillars as described above, (g) No weight had developed to time when data were published. H » 
heavy. TS ■» Morenci timbered-slide system (Art 80). MB Morenci block-caving. MI « 
Miami caving (Art 86). 

Duluth mine, Cananea, Mex. Data from 
R. L. Herrick and M. J. Elsing in 1909-10 
(282, 284). Orebody (see Art 72) was about 
1 100 ft long; width, 60 to 100 ft, aver, 75 
ft; it dipped steeply and was overlain by 
40 to 150 ft of leached capping. The ore 
was hard and brittle; ore and capping 
broke well and stood over large openings. 
The mine is no longer active. General 
PLAN. Toi>8licing was used in the eastern 
part of the orebody, in lenses separated by 
porphyry horses (Art 72). In the western 
end, where there were no horses and the ore 
was fairly uniform, a combined method 
was employed (Fig 596). Open square-sets (Art 45) were used where possible above level No 1, as 
the ore near the capping was the richest in the mine Shrinkage stopino and pillar-cavinq 
were employed in the larger blocks (Fig 596). On completing the square-set stope over the block, 
the timbers were removed and the stope 
left open. Drifts and crosscuts, 5 by 7 finrftee 

ft, 45 ft apart, were driven on level No 
2, underneath the block, dividing the 
ore into 40-ft square pillars Raises R 
(chute and ladderway), timbered with 
square-sets 2 sets high, were put up from 
drifts and crosscuts; one raise was car- 
ried to level No 1 for ventilation. From 
R, 16 ft above level No 2, a sub-level 
was opened by drifts and crosscuts di- 
rectly over those on the level. These 
openings, 10 to 15 ft wide, served as 
floors for shrinkage stopes of the same 
width, carried up to level No 1. Chutes 
C, over raises R, were for entry and for 
handling the excess ore. Chutes were 
lined with 3-in plank set on edge, with 
ends beveled at 45°. These stopes cut 
the block into 6 pillars P, 25 to 30 ft sq 
and 85 ft high, free at the top and sup- 
ported on the sides by the broken ore. 

The tops of raises R were funneled (Fig 
696) and the ore was drawn. The chute 

lining came down with the ore; end VERT LONGIT SEC 

pieces and dividers and about half the pig 695. Duluth Mine, Diagram of Sequence of Opera- 
side pieces were recovered. Pillar- tioiis 

CAVING. The ore often contained small 

fractures, causing pillars P to break and fall into the stopes during drawing. If it were known 
that the pillars would not break, they were undercut before drawing. Drifts and crosscuts on 
the sub-level floor divided the base of the pillar into small units, wliich were blasted out before 



Table 60. Operating Data, Humboldt Mine, Ariz 


Year 

Tons 

mined 

Timber, 
bd ft 
per ton 

Powder, 

lb 

per ton 

Output, 
tons per 
man-shift 

1924 

125 743 

1.60 

0.54 

12.39 

l925(o) 

357 626 

0.81 

0.33 

21 80 

1927 

1 136 339 

0.23 

0.24 

40 35 

1928 

1 483 984 

0 25 

i 0. 19 

62 76 


(a) Eight months. 


Number 

of 

stope 
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drawing began. Broken pillar ore was drawn through inclined raises to the sub-level floor from 
the openings on level No 2. If a pillar had not been undercut and did not break down during 
drawing, a drift was run below it on level No 2 


and raise S was put up (Fig 696). The base of 
pillar could then be blasted by holes drilled from 
the raise, or in drifts and crosscuts driven from 
it. Advantages of shrinkage stoping and pillar- 
caving as practiced in Duluth mine: (a) it is 
cheap, because of the mode of breaking ground 
and of Its small timber consumption; (6) ven- 
tilation 18 good, (c) it IS safe if properly applied. 
Requirements for this application of shrinkage 
stope and pillar-caving: (a) orebodies of large 
area; (6) orebodies with definite boundaries; (c) 
ore that will stand unsupported in the stope 
backs; (d) ore of fairly uniform grade, httle sort- 
ing being possible underground; (e) ore which 
will not pack, (/) capping that will stand un- 
supported while mining the blocks. These re- 
quirements being evidently rigid, the method in 
this form has a limited application. 

Magma mine, Ariz. Data from W. C. 
Browning and F. W. Snow in 1925 (574) and 
from Snow (77) in 1929. Orebody is a stoep- 
dipping fault-fissure, carrying in places 6% 
Cu, with some Au and Ag; width, to 45 ft. 
For some areas requiring close timbering, rill 
stopes are used; in firmer ground, a com- 
bined method (Fig 597), which comprises 
transverse filled-nU stopes, sepaiated by pil- 
lars mined later by a modification of Mitchell 
slicing (Art 55). Stopes are usually 16 ft 
wide along the strike and separated by 14-ft 
pillars; but, in vein-widths of 10-15 ft, 



stopes are longit and distance between pillars 
reaches 45 ft. Experience indicates that 16 
ft is max safe width of open stopes. Level 


Fig 696. Duluth Mine, Pillar-caving in 
Block No 2, Fig 695 


intervals of 100-300 ft have been tried, but 200 ft has proved best. Level development 



comprises: drift D in footwall, with crosscuts to orebody about 160 ft apart; extraction 
drift L in ore along footwall; and crosscuts 30 ft c-c, on center lines of stope sections. 
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driven to hanging wall. Sill-floor of stope is cut by widening crosscut to 8 ft on each 
side of center line and raising the back to height of 10-12 ft. Stringers, 10 by 10 in by 
16 ft long, are placed on sill-floor, parallel to strike, at 5-ft centers, and covered with a 
double floor of 2-in plank. Square-set raise S, started at footwall and carried up with 
stope, has 3 compts; outside sets are chutes, the center set a manway. Square-sets are 
also erected on the sill-floor along one side of stope; square-sets are lagged and held 
open as a crosscut; 8-ft posts are stood along other side and lagged, to retain waste 
when adjacent pillar is mined. After sill-floor timbering is placed, a small waste raise T is 
started in hanging wall. Stope is then carried up as a filled-rill stope, taking slices 7 ft 


I Open-pit I Undercover 

' I ^ jniDing-^ - ^ mining ^ 

j Outline of open pit!^ 

i 



>To mine 

adit ^ 

/ 

Fig 598 


Stope enlargment to be 
done by churn drilling 


Silver Dyke Mine, Mont 



Fig 599 Silver Dyke Mine. 
Rock Limits of Double-pocket 
Chute and Bulldozing Chamber 


thick at a 35® angle. As the stope goes up, a “gob line” is established along each pillar 
by standing posts on those below and lagging them. Ends of posts are halved into each 
other, before a layer of filling is run in, a strand of old cable is tied around each joint and 
to the joint between corresponding posts on opposite side of stope. Stope backs are 
arched to the hanging wall; when highest point of stope is about 35 ft above sill-floor, raise 
T is holed through to level above; thereafter, waste filling comes from outside sources. 
Filled square-sets are used to extract ore under the floor timbers of filled stopes on level 


above. Pillars are mined by modified 



Fig 600. Silver Dyke Mine, Diagrammatic 
Vert Secs 


After pillar is mined, the entire space is 
Pillar-stope crew includes 2 miners and 
man-shift. 


Mitchell slicing (\rt 55). Segment sets (Fig 
597, sec C~0; are placed at top of pillar, under 
the sill-floor timber of overlying stope, and 
between the posts set in the gob lines of ad- 
jacent filled stopes. Work starts at footwall 
and stope floor is kept sloping (Fig 597, sec 
B-B) , so that ore will slide to the square-set 
raises that were used for the stopes on each 
side of the pillar. Another line of segment 
sets is put in for safety, 50 ft below top of 
pillar; if neces^ry, a floor can be laid at this 
point and the space above filled with wa.sto. 
filled and 75% of the stringers is recovered. 
I mucker; good crow will mine 16-25 tons per 


Silver Dyke mine, Neihart, Mont. Data from G. J, Young in 1927 (603). Orbbodt is a mas- 
sive deposit of low-grade Cu, Pb and Zn ore, in altered quartz porphyry and gneiss; roughly elliptical 
in plan; max length, 600 ft; width, 400 ft; developed depth, 250-300 ft. Mine has been inactive 
for several years (1938). General plan of mining (Fig 598-600) was to undercut a block from 
inclined raises, after carrying up and drawing shrinkage slopes around the periphery. Stopes were 
widened by blasting of churn-drill holes drilled from surface; eventually the whole block caved and 
was drawn. Development. Mine was opened by adits. From the lower one drifts were run at 80-ft 
centers. Two drifts were connected by a loop (Fig 598) ; others were to be extended as needed. Vert 
chute-raises were at 25-ft intervals along drifts; chutes were either single or double, well timbered, 
and contained a small ore pocket under a grizzly for bulldozing. Fig 599 shows rock limits of a double 
chute. Isolating stopes (Fig 598, 600). From top of each chute raise, two 45® raises connected 
above the center of drift. Shrinkage stopes, 20 ft wide by 50-60 ft long, were put up from these raises 
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60 ft above each drift. Stopes were widened to 40 ft by blasting bottoms of the churn-drill holes 
drilled from surface as shown; ore was drawn after each blast. Narrow pillars between stopes were 
then broken by churn-drilling, leaving a horseshoe-shaped open stope isolating a central pillar P 
(Fig 598), about 60 ft thick. Undebcuttino. Drift D (Fig 600) was driven about 40 ft above griaaly 
level, and connected to each chute by inclined raise R. Undercutting started at inner sides of open 
stope, which were drilled and blasted from bottoms of raises R ; work retreated upward to drift D. 
Complete undercutting produced condition shown in B, Fig 600. It was expected that caving would 
extend to surface, the resulting pit to be enlarged as an open-cut, if desired, by churn-drilling. Aver 
cost of mining for 8 moe in 1926 was 42ff per ton, including overhead, plus about 30^ per ton for devel- 
opment. Production, 700 tons per day. 

New Jersey Zinc Co, Franklin, N J. Data from C. M. Haight and B. F. Tillson in 
1917 (522) and R. B. Paul in 1938. Oeebody is trough-shaped, of franklinite, willemite, 



A Drift widened, bottom filled B Rets on fill, footwall raises C Stope being carried up^ D. 
Rtope finished, 15 ft or more above level E. Pulling stope, back taken up, levelers placed. F Stope 
finished, w’lth props to hold sides G Stope being filled, with passage on lower level H Stope 
filled, sets erected, ready to take out timber I Fill behind sets, ready for mimng. J. Stope going 

up to repeat cycle. 

Fig 601. Transverse Stope, N J Zinc Co, Transverse Secs (622) 

zincite and calcite, in crystalline limestone; it has sides of unequal height and pitches at a 
gentle angle. The ore in the legs of trough is 12 to over 100 ft thick, compact and tough, 
but not very hard (307, 9S). (Iener.^l plan of mining. Entry is by a 1 500-ft inclined 
hoisting shaft and 2 inclined service shafts. I^vel interval, 50 ft. In wide parts of 
deposit, a combination of shrmkage-stoping and top-sIicing is employed, ore is high- 
grade, hence the method is planned to give complete extraction. Shrinkage stopes, 
17 18 ft wide, are run from wall to wail, leaving 20-60-ft (aver, 35-ft) pillars On com- 
pleting and drawing a 50-ft lift, stopes are filled with waste from surface, and lift above is 



A a CP E F 

A Bottom filled, sets placed, raise carried up B. Stope in progress. C Stope finished D 
Drawing down slope, hack timbered. K. Stope emptied, fill started. F. Fill finished, with sets 

ready foi another lift. 

Fig 002. Transverse Stope, N J Zinc Co, Longit Secs 


started. Fig 601, 602 show mining and filling operations in transverse stopes; novel 
features are: (n) only one cutting-out stope is required, that is, at bottom of the deposit; 
before ore is drawn, stopes are carried from one level to a height 15-18 ft above next higher 
level; a timbered gangway is built on the fill to serve the lift alxive; (5) stope backs are 
timbered prior to drawing, for safety and to support a track on which waste fill is trammed 
into the stope. Mining of pillars is .started from top downward, after the stopes at one 
end of orelxidy are completed. Fig 603 shows one method of mining pillars. Crosscut A 
is driven from wall to wall on center line of pillar; entrance raise R is put up in footwall; 
chute-raises N are vert except the one at footwall contact; they are 20-30 ft apart, and 
each has a chute C at its bottom; in wide pillars, 2 lines of raises are driven, as in Sec 
A~B (2) of Fig 603. Three 4 by 6-ft sub-level drifts D are driven in each .50-ft lift. In 
opening a slice, “center drift” E is advanced to hanging wall, at full height of slice 
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Sec A-B (1) SecA.B (2) 

Narrow Pillars Wide Pillars 


Fig 603. Top-shcing Pillars, N J Zinc Co 



Fig 604. Prospecting Walls by Drill Holes in Mining 
“Slot,” Golden Queen Mine (310) 


Slicing to sides of pillar begins at hang- 
ing wall, retreating to footwall; stope 
fill 18 breasted back with lagging. Ex- 
cept in long pillars, each slice is com- 
pleted before another begins. 

Golden Queen mine, Mojave, 
Cal. Data from C. E. Julihn and F. 
W. Horton (309) and C. A. Kumko 
(310) in 1937. Quartz vein, carrying 
$10-$12 per ton in Au, is in felsite. 
Hanging wall, very hard and well 
defined, dips 50^-70®. Footwall is 
not well defined; its limits are deter- 
mined by assays. Width of ore is 
10-40 ft. Vein is fractured, but can 
be mined by ordinary shrinkage whore 
narrow; difficulties met in shrinkage 
mining, when ore widened unexpec- 
tedly, led to a novel method known 
locally as “slot” system, combining 
square-setting with shrinkage or cut- 
and-fill methods. Development. As 
topography is steep, entry is by adits 
at 200-ft vert intervals, with inter- 
mediate levels halfway between. 
Drifts are driven along footwall and 
sometimes also along hanging. 8top- 
INO. In the “slot” system, square-set 
stopes, 1 set wide and without fill, are 
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Fig 605 Method of Mining Pillars between Slots, and Tying Slot Timbers, Golden Queen Mine (310) 


carried up from level to 
level, these slots heing 
separated by pillars 25 35 
ft loriR. As the slots ad- 
vance upward, the foot- 
wall is explored by test 
holes to assure that foot- 
wall ore liiiut has Ixjen 
reached (Fir 604), 'When 
2 adjacent slots have Iwen 
completed to le\ol alove, 
the intervening pillar is 
usually niined by shrink- 
age (Fig 605). If ground 
becomes bad, the shrink- 
age stopo can be changed 
readily to hoiiz cut-and- 
fill, by drawing out broken 
ore and filling with waste 
through adjoining slots. 
'Fhon the slots are used 
also for chutes and man- 
ways for cut-and-fill ojier- 
ations. To avoid necessity 
for men to work under 
bad ground, scrapers dis- 
tribute the fill, hoists lacing 
placed within the s<iuanv 
sots. If, after changing to 
cut-and-fill, the )>ack gives 
too much trouble, it is 
easy to change to straight 
square-setting. These 
methods have piovod flex- 





Fig 606. Square-set Shrinkage Stopes with subsequent Filling, 
Cursun liill Aiiiie, Mclones, Calif (297) 



ible and satisfactory. Outlining of ore limits in carrying up slots permits rapid mining of 
pillars without danger of leaving ore behind. Slots afford easy access for air and water 
lines, assure good ventilation, and serve as storage places for machines, drill steel and 
hose. 

Carson Hill mine, Calaveras Co, Cal. Data from J. A. Burgess (297) in 1937. A 
combination of shrinkage and square-set stoping is applied where prompt support of 
walls is required and ordinary shrinkage stopes are not applicable. Gold-bearing quartz 
veins, dipping about 60® and having minable widths of 5-20 ft, occur in a belt of soft, 
talcy schist. Development is by drifts in ore at 75-ft vert intervals. Stopes, 1-4 sets 
wide, are mined in sections 4 sets (20 ft) long (Fig 606). Sets, of 8 to 10-m round timber, 
are 5 by 6.5 ft. Stope is kept full of broken ore until it reaches the level above; ore is 
then drawn out and replaced with waste, after which an adjacent 4-set section is started. 
Use of short sections and small lift permits speedy completion of individual stopes and 
contributes to successful application of this variation of square-set mining by a “ block ” 
system (Art 46) . 

88. PRACTICE AT DE BEERS DIAMOND MINES, KIMBERLEY, 

SOUTH AFRICA 

(Contributed by L. J. Parkinson, Ass’t Gen Mgr, and H. T. Dickinson, Tech Dir, 1938.) 

General. Diamonds are disseminated in volcanic necks (pipes) of “ kimberlite,” 
a serpentine derived from peridotite (307,252). The pipes are nearly vert, of circular or 
ellip cross-sec; diam of pipes in the 3 operating mines is approx 800 ft at depth of 1 000 ft 
and gradually diminishes with depth. The kimberlite is brecciated, locally called 
” blue ground ” or ‘‘ blue.” A typical geol section (Fig 607) of the country rock in which 
the pipes occur is; surface debris 0-10 ft, dolerite 10-110 ft, shale 110-380 ft, Dwyka 
conglomerate 380-385 ft. Below the conglomerate is the ” hard rock ” contact, beneath 
which are melaphyre, quartzite, and granite. 

The Kimberley mine was allowed to flood in 1914, when tho bottom level was at 3 OtjO ft. 
The De Beers mine has been idle since 1908, though pumping and maintenance work con- 
tinue. Wesselton, Bultfontein and Dutoitspan mines are now (1938) being exploited. 
All the pipes were mined as open-cuts (Art 95) to depths of 300-500 ft before underground 
work became necessary. Underground mining is a combination of shrinkage stoping 
(Art 67) and sub-level caving (Art 75) ; methods at the 3 operating mines are standardized. 
Work is now carried on at moderate depths, the depths, below surface, of top sublevels 
and bottom, or haulage, levels (1938) being, respectively: Wesselton, 980 and 1 6(X) ft, 
Bultfontein, 960 and 1 600 ft; Dutoitspan, 670 and 1 350 ft. The solid blue gioimd is 
overlain by several hundred feet of loose or broken rock, composed of a mixture of shales 
and dolerite which has sloughed off the sides of the open pit, and blue ground which has 
been abandoned or lost in mining the upper levels. The method utilizes the wt of this 
overburden to cave approx half of the ground mined 

Mine layout. Each mine is served by two 5-compt shafts m country rock, about 
1 000 ft from edge of the pipe. The main hoisting shaft is downcast; 2 compts are for hoist- 
ing, 2 for men and material, and the fifth for service lines and ladderway. The second 
shaft (not shown in Fig 607) is upcast, with an exhaust fan at the collar, it is used as an 
emergency exit. Two main 17 by 8-ft tunnels, 600 ft apart vert, run from the hoisting 
shaft to the pipe. The upper one A (Fig 607) is a traveling way, waiting place for shift, 
and for storage of material. The lower B is the haulage way, the deepest level of the 
mine. A 3-compt service shaft (” prospect ”) F is sunk in country rock just off the main 
tunnels and approx 100 ft from the pipe. From this, stations and connections T to the 
workings are 40 ft vert apart, to serve each sub-level; this shaft is used for distribution 
of men, explosives and material throughout the mine. Added communication is pro- 
vided between sub-levels by 2 or 3 sets of 32® stepways ” G (Fig 608), in country rock 
on both sides of the mine. Six or more vert passes P (Fig 608), located around the rim 
of the pipe in country rock, 50-75 ft back from the contact, connect the sub-levels to the 
haulage level; all ground broken is ” tipped ” into them and drawn off on the haulage 
level. A vert air shaft M (Fig 608) also connects the sub-levels to the haulage level. 
Fresh air is drawn down to the haulage level and upcast through this shaft; regulators 
control vol of air taken by each sub, and the return air is upcast through the stepways to 
the upcast shaft bottom. 

Development. New work consists of deepening the hoisting shaft and “prospect” 
by 600-1 000 ft, depth varying inversely as cross-sec of pipe. Shaft station and ore 
handling arrangements are then provided at new bottom level, and a haulage tunnel is 
driven from the hoisting shaft past “ prospect ” F through approx center line of pipe and 
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beyond. As the “ prospect ” is sunk, stations are cut 200 ft apart and tunnels driven in 
country rock to the new vert “ tipping ” passes. From these points of attack, passes are 
raised 160 ft and winzed 50 ft until holed. Closed “ tip doors ” (grizzlies) are installed 
at each tipping point, to limit size of lumps to 12 -in diam. Subs are developed by first 
driving a single tunnel T (Fig 609-/1) across the pipe from the * prospect, at 0.75% 
up-grade. Simultaneously, 2 parallel crosscuts C are driven in “ blue ” at right-angles 
to this, on a line approx 2/3 the distance across the pipe from the prospect. These are 
67.5 ft c-c and, by connecting “ splits ” S, 90 ft apart, ventilation is provided. Secondary 
development consists of cutting subs into blocks U which are multiples of 22.5 ft, usually 


Melaphyrc 



Feet 


Fig 607 Vert Croso-soc showing General Development, De Beers Diamond Mine, Kimberley, 

So Africa 


67.5 by 00 ft (Fig 600 B and C). This work is done only as the advance of stoping requires 
it, since the blue ground does not stand well and weathers rapidly on exposure. As 
stoping (chanilK‘ring) advances, the blocks are finally reduced to 22.5 by 22.5-ft centers, 
as at V (Fig BOO-f/). Normal section of all “blue” tunnels and crosscuts is 7 by 4.5 ft. 
Crosscuts on each sub are offset one-half block (11.25 ft) from those of the sub next above, 
to provide for eventual undercutting of back pillars (Fig 610). In general, little timbering 
is required, as openings are narrow and only driven as required. Where ground is heavy, 
3 -piece sets of 10 -in round timber are used and lagged with old rails or 3-in plank. If 
opening must stand a long time, but ground is not heavy, 5 by 4-in lagged steel sots are 
used to prevent sloughing. 

Stoping. Approx 50% of the ground is broken in shrinkage stopes; the rest cornea 
from back pillars which are caved. Stoping begins on each sub on side of mine opposite 










Loading box \sX\LoadIng box 
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prospect shaft. From the nearest crosscut, short drifts D (Fig 609-B) are put through to 
rim rock. A crosscut E is driven along the line on which the stope is to advance. This is 
widened to 10-12 ft when raising of back begins. Raising is so done that a face lying 25® 
to the horiz is developed (Fig 611), and extended until the top is holed through into loose 
ground left on level above. All holes are drilled dry and inclined 20® from the vert. The 
face is then advanced until it reaches rim rock at the opposite side. On completing the first 
stop© cut, 2 stopes are started on the next cut, on opposite sides of the pipe and advanced 




Fig 600 Plan of Rnb-level, Bho\\ing 
Steps m Dev'olopruent, De Beers 
Diamond Mine, Kimberley, So Africa 


until thoir bottom ends moot, usually near center line of the pipe. The remaining tri- 
angular-shaped block of ground is then “ squared-up ” by shortening the face, and by a 
succession of hoiiz slices which advance the face upwards until a final round is drilled and 
the area holes into the level above. For this concluding stage of a cut, ventilation and 
access are provdded by a poleway and “ pass iwlew'ay,” the latter being cut in solid ground 
(Fig 611, 612). Stope faces advance along the line of crosscuts and at right-angles to the 
original blue tunnel T (Fig 609- By a succession of cuts, the face gradually retreats 
along the line of the tunnel towards the prospect shaft. When the stoping line on any sub 
has advanced 600-800 ft, 4 stopes may be started on the one sub; 2 begin at opposite 
contacts and 2 in the center. The stoping line on each sub is 3 or 4 blocks (67.5 or 90 ft) 
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behind that of the sub above (Fig 610) . Standard width of stoping blocks is 22.5 ft, of which 
a width of 8-12 ft, depending on condition of hanging, is mined by shrinkage. The 
remainder is left as a “ back pillar,” which is recovered by caving when undercut later by 
a stope or chamber on next sub below (Fig 610). Blue ground from shrinkage stopes is re- 
moved as required to provide working room at the face, and amounts to 30-35 tons per stope- 
shift. Ground broken per stope-shift, including back pillar 
caved, averages 150 tons. Usual access to stopes is from the 
bottom end; added access and escape ways are provided by 
“poleways” above every second drift, which also permit 
through ventilation and entry way for drill hose. Poleway con- 
sists of a notch cut in the solid in front side of a stope and 
covered with poles and old rails to prev'ent loose ground from 
filling the cut. When the top end or high-point of a stope has 
advanced beyond any drift, all ground broken in the stope, plus 
that from caving of the back pillar above, is loaded out. Two 
natives hand-load in each sub at an aver of 15 tons per 
man-shift. Aver life of loading places, 40-45 shifts; added 
life is often obtained through ground from ‘‘other sources,” as 
ground abandoned on higher levels or left behind from old 
mining methods. When waste rock appears, loading is stopped.. 
The loaded ground is hand-trammed in 16-cu ft trucks to 
nearest tipping pass. On the aver, ground hoisted is classified 



Fig 610. Stoping in De Beers Diamond Mine, Kimberley, So Africa Showing back pillars left in 
place, and method of undercutting them from next level below 

according to source, as: development, 3%; broken in stopes and back pillars, 75-80%; 
other sources, 22-17%, which includes some admixture of waste rock. 

Eight to 10 subs are worked simultaneously, to give the required 5 000 tons per 8-hr 
shift. From 1 to 4 stopes are worked on each sub, as a total of 24-26 are required. Present 
stope back is 40 ft, but 50-ft backs are being introduced. Extraction is difficult to deter- 
mine, but is estimated under present system to be above 90%. 
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Haulage. Each mine has an endless-rope haulage on the bottom level (Fig 608) 
Empty trucks from the shaft are hauled up a grade of 2-4% in tunnel B to the opposite 
side of the pipe Enough elevation is thus gained to permit the trucks, when taken off 
the rope, to gravitate either right or left along rock tunnels K which encircle the pipe and 
lead past the loading chutes at bottom of the vert tipping passes Here they are filled 
and gravitate to the hook-on point, whence a downgrade of 1 5% loads to the shaft Side- 
tippmg 20-cu ft trucks are run in trains of 5, rope speed, 3 miles per hr At the shaft 
they are disengaged, automatically tipped and righted There is no storage at the shaft, 
since that in the passes and full trucks is ample The trucks discharge into 10-ton measur- 
ing pockets The 10-ton skips are brought to rest on buffer beams just below the pocket, 
which discharges mto the skip by opening an air-operated door, 5 000 tons are hoisted 
per 8-hr shift 

Mud rushes. The “ blue ” and most of the waste accumulating in the open-cuts 
disintegrate rapidly on exposure to air, water transforms it into a fluid mud, which 
works downward and eventually bursts into the mine In early years this caused many 
fatalities and great expense for cleaning out workings The water comes from the softer 
formations within 400 ft of the surface Formerly this seeped into the open-cut, but the 
problem was solved by driving ring tunnels W (Fig 607) around the pipes just below the 
contact of the shale and melaphyre A system of raises mto the shale and drifts along it 
trap the water, which is pumped to the surface 

Cost (1938) averages about 55ff per ton of “ blue,” including development, mining, 
hoisting and tipping Each mine does about 25 000 ft of development in ” blue,” and 
2 000 ft in country rock per annum, the cost of which is included in above cost 


MISCELLANY, UNDERGROUND MINING 

89, MISCELLANEOUS METHODS 

Exploitation through boreholes la applicable to soluble minerals, .is silt, sulphur whuh ran be 
melted by hot water, and some kaolin deposits which can be broken by, and taken into suspt nsion in 
water In general, the method is used for impure deposits, or those overlain by treacherous cover, or 
where shaft sinking would be very difficult or costly, it gives low extraction, but permits exploit i- 
tion of otherwise unworkable deposits of cheap minerals 

Extracting salt through boreholes (311) In U S, salt deposits occur as (o) beds of wide late ml 
extent, usually nearly honz and overlain (also frequently interstratifaed) by shale or gjpsum, as in 
N Y, Mich, and Kan, (6) “domes” of almost pure salt, is on Gulf Coast and a few nearby intinor 
points of La and Tex, domes are from 0 5 to over 2 miles in diam and of unknown depth, their 
walls are nearly vert Thick deposits under suitable cover, and where shafts can be sunk, are usu.illy 
mined by room-and-pillar methods (Art 34, 42), otherwise, salt is extracted as an artificiall> pro- 
duced brine through boreholes, even in thick and mineable deposits, latter method is preferred by 
alkali producers, who must work with salt in solution Methods of casing and sealing borehole s \ ir> 
with geol and operating conditions Fitsh water may be supplied (o) from water-bearing over- 
lying strata, or (b) through pipes from surface Brine is lifted by (a) press applied to inflowing 
fresh water from surface, (b) air-lift, (c) deep-well pumps (Sec 44; On starting a new well, fresh 
water is supplied, and a necessarily weak brine (often w asted) is extracted, at a rapid rate, to enlarge 
the walls of bottom cavity, thereafter, flow is retarded to juld nearly saturated brine (about IS 5% 
NaCl in N Y, 23% in Kan) to reduce subsequent cost of evaporation, as the cavity enliirge*s, rate 
of delivering saturated bnne may be increased, unless a blanket of insoluble impurities on the floor 
interferes wtth solution Gulf Coast methods (Fig 613, 614), from W M Weigel (Ul) Wolh 
of Morton Salt Co, Grand Saline, Tex (Fig 61 1), are about 265 ft to top of salt and 400 WO ft in 
total depth Casing is sealed above an overlying water-bearing stratum, and brine is lifted by < onip 
air through a 4-in pipe reaching nearly to bottom of well Fig 614 is typical of the deeper wells on 
domes worked by alkali pioducers Casing is sealed .it top of silt, b70~H'iO it below surface, and 
hole continued 600-1 000 ft downward into salt, fresh water is delivered through a pipe nearly to 
bottom of hole, at a press sufficient to lift brine to surface Central N Y method halt is intrr- 
stratified with shale, limestone, and gypsum, in a laminated formation (max thickness, 470 ft) 
800-2 250 ft below surface Starting with 10-in dnve pipe to bedrock, a drill hole to bottom of 
salt 18 cased with 6-in pipe and sealed at a level below all sources of water A 3-in pipe is lowered 
in the casing nearly to bottom At start, water is pumped down the .3-m pipe, and weak brine rises, 
after about 6 weeks, direction of flow is reversed (Fig 6i5-A) As explained by E N Trump ( lOH), 
by these means the cavity becomes funnel-shaped because (a) fresh water tends to float on bnne, 
and (b) fate of solution is faster in water than in bnne Ultimately, the floor of cavity flattens 
enough to retain a blanket of insoluble residue, and solution is then confined to edges Caving 
usually occurs when a cavity reaches 150 ft diam, in a thin bed, this happens about twice a year 
(perhaps once a year m a thick bed), usually causing abandonment of the hole and drilling a new 
one If the roof, usually shale, contains layers of salt, connections may open between adjacent 
cavitiesi after which air-lifting or pumping must be adopted Michigan method (also that of 
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Kan) is like that at the deeper Gulf Coast wells (Fig 614) ; water is pumped continuously down the 
central pipe and brine rises around it. In this case, as shown in Fig 615-B, the cavity first assumes a 
barrel-shape, then approaches a sphere, and finally attains about the same shape as m Fig 6I0-A. 
According to Trump (308) saturated brine can not be recovered by this procedure in a thin bed, 
because the fresh water, being lighter and more mobile than brine, tends to rise close alongside the 
central pipe and dilutes the brine issuing from the cavity; in a bed 150 ft thick or more, the water 
has better opportunity to diffuse into the brine and assist the dissolving of salt. Trump method 




Fig 613 Fig 614 

Salt Wells on Gulf Const Domes (W. M. Weigel) 

(308) is designed to produce a cavity from which saturated brine can be withdrawn with minimum 
delay (that is, with least waste of weak brine) after completing the drill hole As showm in Fig 
615-(', a bed is dissolved in circular, horiz slices, each about 10 ft thick, beginning with a 5-ft under- 
cut at bottom At start, action is conhned to perimeter of undercut by maintaining a pocket of 
comp air above the biiiie, an undercut 4 ft high can be extended to 300-ft diam in 12 mos, deliver- 
ing 175 gal brine per imn On reducing air press by about 5 lb per sq in, the level of brine rises 
about 10 ft and begins dissolving the next slice, the entire bottom area of which is now exposed to 
solution To provide an equivalent area of spherical surface (that is, to yield same flow of brine 
of same density) would reciuire dissolving of 13 times ivs much salt. 

Leaching copper ore in place. Recovery of “ceinent” (metallic) copper by precipi- 
tation on iron from waters containing CiiSOi is an old practice in many regions, such 
waters usually being only those naturally met in underground workings, or surface water 
which has percolated through mine dumps. Application of same principles by artificial 
distribution of water over ore broken, but .still remaining in place, is practicable under 
certain favorable conditions, of which the most important are: (a) presence of iron sul- 
phides (preferably pyrrhotite) in amount sufficient to provide ferric sulphate as solvent 
for copper, {b) geol structure (such as an impervious footwall, Ohio Copper jni ne, ^beiowj ^^ 
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peimitting the copper-bearing water to be collected without excessive loss, or to be 
impounded without excessive cost to avoid interfering with mining at lower levels (as at 
Ray mine, below) ; (c) ore of such physical character that water can penetrate to the 
copper minerals without causing excessive disintegration or collapse of the ore fragments 
(a firm, siliceous ore mineralized along seams is most favorable); (d) adequate supply of 
water, and cheap scrap iron. Details of 2 successful operations follow. Ohio Copper 
Co, Bingham, Utah. Orebody is a large tabular deposit of shattered quartzite and mon- 
zonite carrying disseminated chalcocite and pyrite and averaging about 0.88% Cu (302). 
Fig 616 shows the underground development in an unprofitable attempt to mine the ore 
by block-caving, which left in place about 38 000 000 tons of ore broken to aver size of 
4 in. Important feature of orebody is an impervious footwall, dipping about 55°. 
Entrance was by tunnel from surface, which avoided need of special pumps and water 
columns. In 1925, water was pumped and distributed over caved surface of orebody, 
about 1 400 by 6 (X) ft, at 1 200-1 4(X) gal per min. After percolating through the broken 
ore, it was caught at the Masco tte tunnel and allowed to flow through 2 wooden launders, 



Fig 616. Three Types of Brine Wells. A. N Y Method for thin salt beds. B. Mich method for 
thick beds. C. Trump system 

one on each side of tunnel track. Launders were 32 by 32 in, and 1 600 ft long, at 0.5% 
grade, with sectional false bottoms, 17 in above floor, in form of wooden lattice with 
0.25-in sq openings, on which detinned iron scrap was distributed. Copper precipitate 
collecting underneath was removed at intervals of 6-30 days, shoveled into car.s, trammed 
to surface, and shipped to smelter. Water entering launders carried (aver) 0.204% Cu; 
recovery in precipitate, 97%. Of total precipitate, about 3/4 averaged over 90% Cu, 
and 1/4 (that from lowest launders) ran over 70% Cu. In 32 mos (1922-1925) output 
was 17 000 000 lb of copper, at operating cost of 3.846fi, and smelting charge of 2.477f^ 
per lb. Ray mines, of Kennecott Copper Corp, Ariz, began leaching in western portion 
of its orebody in Jan, 1937, and produced 10 201 364 lb of copper by that method during 
the following 17 mos (525). In this 10-acre area, the ore was unusually high in pyrite, 
and averaged about 1 % Cu; above it was an unaltered zone 125 ft thick averaging 0.6% 
Cu surmounted by a leached zone 50 ft thick. Total copper recoverable by leaching in this 
area down to third level was estimated at 50 000 000 lb. Preparatory work underground 
included driving drainage drifts, building several concrete dams, and a concrete ditch 
(600 gal per min), with sump and pump station on third level, to prevent escape of water 
to lower workings in adjoining areas. Copper-bearing water is pumped to surface by 2 
centrifugal pumps made of Duraloy, with combined capac of 500 gal per min, through 
8 -ia lead-lined pipe. Fresh water is pumped by 4-8tage centrifugal pump at 340 gal per 




MISCELLANEOUS METHODS 


10-401 


min, and distributed over surface of leaching area by pipe lines and sprinklers, which are 
shifted whenever copper content of recovered water drops to 0.4%. On returning the 
sprays to a previously treated area after an interval of about 2 mos, the percolated water 
resumes its normal content of nearly 1% Cu. Settlement of caved ground, apparently 
resulting from the leaching, interfered at times with maintenance of pipe lines and 
sprinklers; uniformity in distribution of water is essential to good extraction. Occasional 
shortage of fresh water will be met by utilizing the discharge solution from the precipitation 
plant, after oxidizing its ferrous sulphate to ferric, and ehminating the objectionable 
colloidal basic sulphates thereby produced. Precipitation plant, on surface, has 2 units, 
each of 5 colls, 10 ft-8 in wide by 40 ft long, with 8-in partitions down their middles, thus 
forming the equivalent of 
a launder 5 ft wide and 
400 ft long for each unit. 

Preferred form of scrap 
iron IS coarsely shredded 
detinned cans, from San 
Francisco; this is charged 
twice a day, by crane and 
clamshell bucket, and rests 
on a wooden grill false 
bottom, openings 3/g by 
0.5 in. Accumulated pre- 
cipitate (10-12.5 tons per 
cell) is periodically washed 
through the grill (by-pass- 
ing the flow meanwhile), 
and flows by gravity 
through tile pipes to 6 
draining cells; there it is 
handled twice, from cell 
to cell, by another crane 
and clamshell bucket, 
before loading into RR 
cais; the aver 22.8% 
moisture in the shipped VERT CROSS*SEC 

jiroduct could bo reduced Fig 616. Development Work, Ohio Copper Co 

by added handling. Entire 

operation is conducted by a crane operator and 2 helpers, working day-shift only. Aver 
results to July 1, 1938: Cu in leach sol, 0.923%; Cu in tail sol, 0.0079%; indicated re- 
covery, 99.14%; ratio Fe consumed to Cu produced, 1.15, Cu in precipitate (dry), 
87.27%. All cells are of concrete; for structural details, see Bib (525). Phelps Dodge 
CoRP, Morenci, Ariz, is now (1939) leaching caved areas over old workings by methods 
.similar to those at Ray. 

Frasch process for sulphur. Sulphur occurs as disseminations and occasional pocket- 
masses in bods of porous limestone and gypsum, associated with some salt domes on the 
Gulf Coast of La and Tex. Of 200 known domes (1935), 9 have produced sulphur com- 
mercially, operated by 4 companies, all using improved forms of the original Frasch 
process. The sulphur-bearing beds lie under 4(X)-2 000 ft of unconsolidated or porous 
strata carrying large volumes of water impregnated with H 2 S, which has defeated all 
attempts at shaft-sinking. Some deposits, lying under marsh land or open water, have 
been developed by floating equipment. vSome are capped by barren rock, and a bed of 
anhydrite is usually at Ixittom of the sulphur horizon. The process consists of sinking 
and casing drill holes to bottom of sulphur bed, introducing water at 320^-335° F, and 
recovering molten sulphur by air-lift. Chief difficulty and expense are involved in 
securing, treating, heating, and distributing suitable water. Modern plants have central 
stations equipped to heat 5-10 million gal per day to 340® F, distributing it through 
insulated pipe lines to the several wells. Following data from W. A. Cunningham (312) in 
1935 refer to Freeport Sulphur Co’s operations at Hoskins Mound, Tex, begun in 1925 
and recently enlarged. 

Water-heating boiler plant of 12 units develops 16 000-18 000 bhp. Fuel is natural gas, but oil 
can be substituted in 5 min (unfailing supply of hot water is essential to operations once begun). Of 
7 500 000 gal water required daily (from surface reservoir and deep wells), 2 750 000 gal go into boil- 
ers and 4 750 000 are heated indirectly for distribution to sulphur wells. Boiler feed-water is softened 
by lime-floda-sodium aluminate method, settled for 3 days, and Altered; it is then preheated in 
2 stages: first in exchangers supplied with '‘bleeder water" (see below) at 180°-200® F; next by 
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exhaust steam from engines and pumps. Mine water for the sulphur wells is treated cold with soda- 
lime (also FeS 04 , if necessary) , sedimented for 3 days, but not filtered. It is heated in 3 stages: first 
to about 136® F by direct contact with flue-gas, next to about 212® F by exhaust steam and boiler 
blow-off (amounting to 25-30% of boiler feed), finally to 325®-340® by direct contact with live steam. 
It is then distributed to wells through insulated 10-in pipe lines. Besides 63 pumps and various 
power generators, the plant includes 3 low-press and 5 high-press compressors, with combined capao 
of 4 500 cu ft free air per min to 1 000-lb press, to supply air-Iifts at wells. Well operation. A 10-m 
casing is sunk through unconsolidated material (1 000-1 600 ft at Hoskins) and seated with cement 
in the cap rock over the sulphur horizon (Fig 617). Hole for 8-in casing is continued downward with 

standard rotary oil-well drill to bottom of sulphur 
and into underlying anhydrite. The 8-in casing, it« 
lower 35 ft perforated, is seated and cemented ai 
bottom of hole. A 4-in pipe rests on a flange welded 
to inside of the 8-in pipe just above its bottom. A 
1.25-in air line inside the 4-in pipe ends about 200 ft 
above bottom of hole. At start, hot water is pumped 
down the 8-m and 4-in pipes; molten sulphur accu- 
mulates until (upon stopping flow down the 4-m 
pipe) it will rise, under hydrostatic press in the 8-m 
pipe, to bottom of the air line, the well is then said 
to be “sealed.” Air is then admitted, slowly at first, 
increasing gradually to equalize the rates of melting 
and lifting. Temp of water is held as closely as pos- 
sible at 320®-335® F, adding “tempering” water at 
210® if necessary; if water is too hot, the sulphur 
becomes viscous, if not hot enough to prevent freez- 
ing at any point, the well may be last, since a solid 
cake of sulphur is difficult or impossible to remelt 
with hot water. A normal well extracts sulphur from 
an area of about 0.5 acre. “Bleeder” wells are dis- 
tributed among a group of producing wells to relieve 
the press required to force large volumes of watei 
into the ground. Water returning from them at 180°- 
200® F IS so impure as to be useless for any purpase 
except initial preheating of boiler feed, by exchangers, 
no satisfactory method for purifying “bleeder” water 
has been devised. Purification and shipment op 
SULPHUR. Molten sulphur from a group of wells is 
pumped by air through insulated and steam-heated 
pipes to a central “relay” station, inhere subsequent 
manipulation includes: (a) elimination of air and 
other gases in steam-jacketed separator, (6) collec- 
tion in a steam-heated, constant-level, flow tank, (r) 
delivery through orifice meter into steam-heated, 
cast-iron “relay” pit, (c/) transfer from a full pit, by 
submerged centrifugal pump, to final storage vat 
Latter is a rectangular wooden enclosure 800-1 0(X) 
ft long, 200 ft wide, with walls erected only 3-4 ft 
above rising level of sulphur, until final height 
reaches 40-C0 ft, such a block contains 400 000 to 
7.50 000 tons of sulphur, analyzing 99 .5-99 95% S. 
After 6-12 mo for cooling, the walls arc removed, 
standard-gage tracks laid alongside, and face of block 
is bored with mechanical augers and blasted with 
dynamite to lunip.s which can be loaded by clam- 
shell bucket or steam shovel. 

Mining kaolin through boreholes, West Cornwall, 
Fig 617. Arrangement at Bottom of Conn (313). Kaolin occurs in vein-like reaidual de- 
Fraach Sulphur Well. (Diagrammatic sec, dipping 50° and intercalated with seam.. 

no o sc ej broken quartz, feldspar, and mica. As the mixed 

material could not be mined by ordinary methods and the kaolin washed out at a profit, bore- 
holes were used. Holes were cased with 4-in pipe to within a few ft of the footwall of the deposit 
Inside the 4-in pipe was placed a 2-m pipe, terminating in a cap with several nozzle-hke openings. 
Water under 40 to 60 lb pressure was forc^ down the 2-in pipe, the bottom of which was allowed 
to sink to the footwall as the surrounding material was broken by the jets and washed up the annular 
space between the pipes. Depth of wells, 50 to 198 ft The vein matter contained 20%) kaolin, 
the overflow of the wells earned 5 to 10% solids, averaging GO to 75% kaolin. The percentage of 
pure kaolin in the solids was inversely proportional to the velocity of the water current. 

Mining gilsonite. When heated to a certain temperature, gilsomte flakes off without melting, a 
property utilized for mining this mineral in overhand stopes. Steam or hot air jets are turned against 
the face under attack, and, as the gilsomte flakes off, it is caught in a hopper and loaded by gravity 
to cars below (U S Patent 960 363, Feb 22, 1910). 
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90. CHUTES AND CHUTE-GATES 

Chutes (mills, mill-holes, ore-chutes or ore-passes) are used chiefly in filled and shrink* 
age stopes, Art 59, 67 ; also in square-set stopes, Art 47. They are vert or inclined passages 
through the stopes, for handling ore or waste. The term also designates chute-raises 
(Art 67), chute-compartments of raises, and chute-gates. 

Requisites of a chute: (a) a life at least equal to that of the stope it serves; (5) mini- 
mum tendency to clog; (c) a cost small in proportion to total tonnage passed; (d) low 
maintenance cost; (e) suitability to the stoping conditions. Details of construction are 
important as they affect the life of the chute, which often limits the max allowable level 
interval. The chute’s life depends on the amount and character of ore passing through 
it, and the pressure due to the stope filling. The tonnage passed is a function of the stope 
width, interval between chutes, and distance between levels. Spacing of chutes is affected 
by the cost of handling ore in stopes and the development work required for a given 
spacing (Art 47, 60-66; also Raises, Art 70). These factors should be considered in 
connection with the initial and maintenance costs of chutes for a given stope. 

Vertical vs inclined chutes. The former are preferable, as they are easier to construct 
and maintain, and will pass a larger tonnage for a given amount of wear. Inclined chutes 
are necessary in narrow, pitching veins, or near an inclined hanging wall in wide deposits; 
if provided with a ladderway, they are easier to climb. 

Types. The commonest chute has a rectangular cross-sec, and is built of cribbing or 
plank, it often has a ladderway, and sometimes a slide for hoisting timbers, drills and 
steel. In veins less than 6 ft wide, chutes are sometimes built by lagging vert rows of 
Stulls. Circular chutes of dry stone walls are used at the Baltic mine, Mich (Art 63); 
circular wooden and steel chutes have been used at Broken Hill, Australia, and circular 
chutes walled with pre-cast concrete segments, at Ashanti, \V Africa. 



Fig 61 S Tv\o-oompt Chute, 

Nevada Wonder Mine Fig 019 Cribbed Chutes 

Size. To prevent clogging by the arching of broken ore, the min cross-sectional 
dimension should be at least 3 X max diani of the largest piece of ore, and preferably 
more. Smgle-compt chutes are usually 4 by 4 ft to 5 by 5 ft. The min width for a ladder- 
way is alx)ut 2 ft; better, 2 5 ft. In mines having a large level interval, the chute and 
ladderway should be of equal size, so that the compartments can be interchanged when 
the cliute is worn out. In tilled stopes, manways are usually provided only in every 2nd 
or 3rd chute. Manways are advantageous for ready access to chutes when they clog or 
need repairs. See below and Art 03 for sizes of circular chutes. 

Rectangular plank chutes cost less than others; the type form is shown in Fig 618 
(see also Art 00); the ladderway is sometimes omitted. The first few cribs above the 
stidls at the level are of 3-in plank. The edges of the planks are toe-nailed together. 
While filling is being placed around them, the planks are held in position by diagonal 
cleats, as shown. The planks are cut, notched and beveled by a swinging circular saw 
(234). Corners, instead of being mitered as in Fig 618, are often notched and dovetailed, 
end and center boards then being interchangeable. Planks can be spaced close or semi- 
open by adjusting depth of notches. Plank chutes serve for small tonnages, as in narrow 
veins, or where ore is soi ted and only a small amount is saved ; they will not withstand 
heavy pressures from fllling in stopes with weak walls. 
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Cribbed chutes are in general use in the U S for large tonnages, and for supporting 
heavy pressures in filled stopes. Fig 619 (a) shows open cribbing; 2-in spreaders hold 
the timbers in place; the lining is of vert plank. Fig 619 (6) and (c) show close and semi- 
open cribbing, which may or may not be lined. 
Timbers with grain at right-angles to the direction 
of falling ore wear faster than when the grain is paral- 
lel to the flow. Unlined chutes must be heavy enough 
to last as long as the chute is needed, because they 
are difiicult to repair or replace. Fig 620 shows round 
cribbing, for chutes 5.33 ft sq, either single or double 
compartment. Crib timbers are 10 to 18-in diam, and 
have an aver life of 3 months, on 2-shift work, 6 days 
a week; hemlock is preferred, because of its toughness. 
The lower 20 ft of worn chutes are lined with 0.25-in 
steel plate; above that, with 3-in plank (209). 
Though round timber is cheaper, chutes built of it are harder to erect and to line tightly. 

Square-set chutes. In square-set stopes, chutes and manways may bo made by 
lagging vert rows of sets. Fig 621 shows a sorting chute in filled rill stopes at Butte, 
Mont (see Art 65). For a height of 5 sets above sill floor, the chute is 3 sets long by 2 
sets wide; above that, 1 set wide. Middle sets form a manway; outer ones are ore pockets 
above the level. Gates and grizzlies are placed over the pockets. While ore is drawn 



Fig 620. Round-timber Cribbed 
Chute, Seo 16 Mine, Ishpemiug, 
Mich 



B- 

VERT SECT A- A VERT SECT B-B 

Fig 621. Square-set Chute with Sorting Grizzhes, 
Butte, Mont 



from upper chute No 1, waste is sorted on the grizzly and thrown into lower chute No 2, 
and vice-versa. 

Cylindrical wood-stave chutes (Fig 622) are preferred to cribbed chutes in large filled 
stopes at Broken Hill South mine, NSW (314). The level interval is 150 ft. In cribbed 
ehutes (Fig 619), the lining cut out rapidly; the spikes holding it also failed and the 
planks ripped off. Repairs were excessive and even 4-in lining was inadequate. Cylin- 
drical chutes worked letter. They are built in 4-ft sections, of beveled staves. Since 
the grain of the staves is vert, the cutting action of falling ore is minimized. The staves 
are bound with wire hoops while filling is being placed around them. 

There are 4 types of chute in this mine: (a) chute of 4-ft internal diam, with 10-in 
staves; (b) 3-ft chute with 10-in staves; (c) 3-ft chute with 6-in staves; (d) 3-ft chute 
wil^ 6-in staves; 6-in thickness is the minimum for sufficient bearing between staves and 
for resistance to collapse. Type (a) is used for the lower 35 ft of both vert and inclined 
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chutes (its large diam minimizes clogging) ; type (6) is for vert chutes, for the sections from 
36 to 70 ft, when the lift is 150 ft; type (c) is used from 70 to 120 ft on 150-ft lifts, and 
from 35 to 70 ft on 100-ft lifts; type (d) is for repairing rectangular chutes which have 
failed. The upper 30 ft of these stopes is mined by underhand square-setting (Art 46), 
and hence chutes are not required. Staves are of eucalyptus, sawed from round or square 
timbers. At first, dowels, as in Fig 622, were used to hold the staves together until they 
could be wired, but as this construction was too slow small dogs (cramps) , of 0.5-in iron, 
were employed. Successive lengths of chute are simply stood one upon another, as they 
do not tend to move laterally after being enclosed with filling. Fig 623 shows an inclined 
stave chute. Fig 624 shows a connection between vert and inclined chutes; the loosely 
hanging rails yield to every blow and take wear at the turn. 



Fig 623. Inclined Cylindrical Chute 



Stave chutes are marked by low first cost and good wearing qualities; they may be 
withdrawn on finishing a stope. They are serviceable for lining raises and passes for 
handling fillmg. E. J. Horwood stated in 1916 that an essential condition for their 
satisfactory use is that the pressure be approx equal on all sides; hence they are not 
applicable in stopes ha^ng a hea\T hanging wall (242). Table 61 shows relative costs 
of stave and rectangular cribbed chutes at Broken Hill South mine. Eucalyptus costs 
$.')6 40 per M hd ft; 10 by 10-in Oregon pine, $45.60; 2 by 10-in Oregon pine, $48 per M. 
See Bib (314) for details. 


Table 61. Cost of Chutes, Broken Hill South Mine, Australia 


Type of Chute 

Cost per linear foot 


Material 

Labor 

Total 


4-ft chute, lO-in staves 

3-ft chute, 10-in staves 

3-ft chute, 6-in staves 

3-ft chute, 5-m staves 

3-ft inclined chute. Fig 623 

Close-cribbed chute (Fig 6196) 10 by 10-in OP 
Cribbed chute (Fig 619) 10 by 10-in OP, 2 by 10-in 
OP spreaders, 2-in SB hning. 

Cribbed chute (Fig 619c) 10 by 10-in OP 

$9 35 

7 35 

4 40 

3 70 

8 60 

11 80 

10 00 

9 50 

$0 75 

0 75 

0 35 

0 35 

1 00 

0 20 

1 00 

0 20 

$10 10 

8 10 

4 75 

4 05 

9 60 

12 00 

11 00 

9 70 

OP Oregon pine 
SB ^ Eucalyptus 
("Stringy Bark”) 



Cylindrical concrete chutes. Ashanti Goldfields, 
W Africa, in working exceptionally loose and slippery 
ore of Obuasi reef by flat-back, square-set and closely 
filled stopes, has found pre-cast concrete segments 
cheaper than timber for walling single-compt ore 
passes (537). Segments, 3 to a ring, are 8 in high, 6 in 
thick, with inside radius of 1.25 ft (Fig 625). Each 
segment has 2 holes, top and bottom, 1-in diam and 
1.5 in deep, for inserting iron pegs, 6 per ring, equi- 
distantly spaced to allow staggering of vert joints. 

Cylindrical steel chutes were successful at the South 
Blocks mine, Broken Hill, Australia (315). A diam of 
30 in is the minimum aze to prevent frequent clogging. 
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Joints with rivet heads projecting inside were a source of weakness, as the heads wore off ; 
this led to the construction in Fig 626. Chutes are of S/s-in plate for the first 60 ft above 
the level, ®/i 6 “in for the next 50 ft and 1 / 4 -in for the remainder. Some chutes, carried to 
140 ft above the level, have passed 15 000 tons without repairs. Repairs were difficult, 
but unnecessary if sharp bends were avoided, if chutes were properly spaced, and if blasting 

in clogged chutes was prohibited. 
Clogged chutes were loosened by a 
“cannon,” made by boring a 2 -in 
hole m a piece of 5-in shafting and 
using gunpowder to fire a projectile 
at the hung-up ore. Advantages 
of cylindrical chutes: (a) moderate 
first cost and excellent wearing quali- 
ties; (5) small size permissible with- 
out undue tendency to clog, thus 
lessening the chance that men may 
fall into them; (c) adaptability to 
stoping conditions, as no special care 
is needed when blasting ground 
above them; (d) their impervious 
structure, which prevents loss of 
rich ore and keeps out sand filling 
(a difficult matter in wet mines) ; 
(e) ease and cheapness of erection, 
each section fitting the one Ixjlow. 
At this mine the steel chute worked 
as well as any timber chute; its adoption in any case depends largely on the relative 
cost of steel and timber. 

Rectangular steel chutes (14 by 14.5 in) have been used in filled square-set stopes at 
Centenmal Eureka mine, Utah, for handling high-grade ore without loss of fines. They 
are of 3/ig-in plate, bolted to 1.5 by 1.5 by 0.25-m angles at the corners and on the outside. 

Clogged chutes may be started: (a) by climbing up the chute and placing a light shot 
to unkey the clog (dangerous work, which should be prohibited) ; (5) if there is a manway, 
by breaking into the chute; (c) by using a “ cannon ” (see Steel chutes), not always 


(Thiektiefs ^*) 

PLATE FOR BOTTOM OR 
STARTING TUBE 

? U 3 Vc to C 4 

M 05 ^^ I K-i-oj 

Slot* 2*4 X 5^* 

Fig 626. Cyhndrical Steel Chute 





Fig 628. “Bricked” Chute at Black Rock 
Mine (557) 


effective and causes delay; (d) by exploding “ bombs ” of 2-7 dynamite cartridges against 
the hanging ore. At Miami mine, bombs are tied to 1 by 1-in Douglas fir rods (blasting 
sticks) 10 ft long; if one stick will not reach the clogged point, others are added, to lengths 
of 50-60 ft. Miami uses electric detonators for firing, experience showing large decrease 
in chute-blasting accidents compared with fuse and cap blasting. To lessen fire risk, elec 
detonators are also desirable in blasting timbered chutes. See Bib (619) for details of 
blasting clogged chutes in southwestern U S. Fig 627 shows a similar device, of a 1 by 
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1.25-iii hardwood rod, with flat iron hoops on one end. Extra lengths of rod are lashed on 
as required. The hoops prevent the rod from catching. The hanging ore is poked until 
it falls, or a stick of dynamite is fastened to the rod and exploded at the clogged point. 
This device can be used to a height of 100 ft (316). 

Wear. Ore falling freely in a high empty chute is very destructive. Chutes should 
always be kept nearly full; the wear on the lining then depends on the velocity with which 
the ore moven and hence varies with the cross-sec. Long chutes may be constructed in 
segments of convenient height (usually not exceeding 50 ft), offset from one another; 
a gate may be inserted at bottom of each segment to retard or control flow of ore. Wear 
on chute lining in square-set stopes can be reduced by substituting short wooden blocks, 
laid horiz, for the customary vert planking. Fig 628 shows this method of “ bricking ” 
at Black Rock mine, Butte (557) ; blocks are 20 in long and held in place by round poles 
spiked to outside of posts, Similar method, but using blocks of squared timber, is used 
at Frood mine (Art 46, Fig 295). Such blocking has additional advantage of stiffening 
the square-sets. 

Chute-gates, at bottoms of chutes, raises, etc, control the flow of ore in loading into 
cars. Their design and details vary widely. Following general points are important: 
(a) The cheapest chute-gate that will do the work without undue maintenance cost and 



delays due to clogging ks the best. First cost should be considered m connection with the 
total tonnage passed, elaborate designs are warranted only by large tonnages. (6) Gates 
must be suited to the size of the ore. Simple board gates serve for fine ore; other forms 
aie necessary for handling large lumps (c) For rapid loading, mechanically operated 
gates are sometimes required, (d) Strength is essential, as wear is heavy and gates must 
often withstand bla.sting of Ixnildeis in or abov^e them, (c) (dearances must be ample, 
to provide room for bailing, to allow for settlement of suppoiting timbers, and to prevent 
men from being injured by getting pinched 
IkHwccu chutes and cars. Following 
examples are of types found good under 
different conditions, see also Bib (317). 

Simple chute-gates (Fig 629). The 
gatc^lxiards are held by .side cleats; small 
chutes may have only 1 Ix^ard, but 2 giv’o 
I Hotter contiol of the flow of oie and 
facilitate removal of large lumps (Fig 
576, Alt 85, shows a larger chute with 
.3 boanls). For small-size matt'nal tho 
lower board /i. Fig 629, is pried up with 
a i>inch-bar; notch A is a convenient 
resting place for briaid when tho chute 
is running freely. Instead of inside cleaLs, 
brackets of round or .strap iron or rails 
may be used to hold gate-lKiards (Fig 
632); these, being outside of chute, do 
not obstruct flow of ore and are not damaged by it. Modes of attaching such brackets, 
other than that in Fig 632, are obvious; ns brackets of bent angle-iron, used at Noranda 
(Fig 633); tho drop boards are 2 by 10-in; inside width of chute, 4 ft. Fig 630 shows 
a simple chute supiwrted on atulls, under a narrow shrinkage stope; chutes for mill holes 
in filled stofies are similarly supixirted. Fig 631 is a chute for square-set stopes (66). 
The bottom of such chutes is cut out rapidly, especially by hard siliceous ore, when the 
chute is not kept full. Linings of plank, old rails or steel plate, are useful. Wear is 



Fig r>31. 


Chute-gfttc in Sqviare-sete, Bingham, 
Utah 
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reduced by offsetting chute (Fig 634), so that solid rock forms chute bottom. In square- 
sets same result is obtainable by lagging chute sets on level and omitting bottom 
boards ABj Fig 631; space S then fills with broken ore, which stands at its angle of 
repose above chute lip and takes the wear. 



Fig 632. Bracketed Board Gate Quebec 


All the above chutes are designed for loading fine ore into small cars, as in hand tram- 
ming. Board gates for large cars on motor-haulage levels may be similarly supported, 
but drift sets of excessive height are required for headroom and for clearance between the 
chute lip and top of car. For such conditions practice favors pony-sets for supporting 

chutes (see Fig 634; also Fig 
684, Art 86, and Fig 572, Art 
85). 

Sliding steel gate. Fig 634 
shows chute equipped with 
such gate in the Miami nuno 
on motor-haulage levels for 
pocket chutes C, Fig 579, Art 
86. The gate (“guillotine” 
type) is a steel plate, sliding 
nearly vertically in guides 
bolted to the pony-set posts, 
and operated by a hand lever. 
The ore is rarely as large as 
10-in diam, fine ore is quickly 
loaded (154). Oates of guillo- 
tine typo are best adapted to 
fine or medium-coarse ore, and 
require mountings free from 
distortion. They may bo oper- 
ated by levers, rack and pinion, 
or by direct connection to air 
or hydraulic cylinders. 

Chinaman chutes (Fig 635) 
are for shrinkage stopes in 
narrow veins. By omitting 
lagging between adjacent stulls 
over the level, an opening is 
left from wall to wall and of 
width equal to the interval be- 
Fig 634. Chute-gate, Miami Copper Co, Ariz tween stulls. Under this is a 

platform, 20 to 30 ft long; of 
horiz stulls in hitches about 5 ft above the track. The stulls are lagged, leaving an open 
space about 15 in wide over the track for the whole length of the platform. Short 2-in 
planks A, placed across the open space, serve as gates. Broken ore from the stope runs 
down in a wedge-shaped pile on the platform. For loading cars, a few of the beards A 
close to toe of pile, at either or both ends, are removed; ore from the sides is shoveled to 
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the central opening. Advantages: (a) the wide opening between stulls prevents clogging; 
(b) large pieces may be sledged or 
blasted on the platform without dam- e ^ 

aging timbers ; (c) the ore settles evenly, % ® ^ 0 ° 

as it is drawn over the whole width of 

the stope instead of from one side ; (d) A • ^.q-. 


blasted on the platform without dam- 
aging timbers ; (c) the ore settles evenly, 
as it is drawn over the whole width of 
the stope instead of from one side ; (d) 
rapid drawing is possible, as several 
cars may be filled simultaneously. 
Disadvantages: (a) higher cost; (6) 
the platform is only 5 ft above the rails, 
thus reducing headroom for trammers; 
(c) level timbering must be higher above 
the track, which involves more shovel- 
ing in opening a stope. 




Longit Sec 


Cross-Sec 

Pig 636. Simple Form of Chinaman Chute 


Fig 636 shows a Chinaman chute-gate, with a bulldozing chamber in rock, used by Tennessee 
Copper Co (data from L. Bregy). This gate is cheaper and requires less dead work m the pillar above 
mam haulage levels than other types of bulldozing chute used thera The 4 2(>>m sq grizzly openings 
(double hatched) are protected by 2 angles 
over inner edges of stringers S, and by U-shape 
steel plates dropped over filler pieces V, and 
bolted below caps T. Grizzlies not m use are 
covered by planks. Loaders enter chamber | 
by ladder at E» Large pieces are blockholed 
on the grizzly. Except the grizzly openings 
and entrance, floor of chamber is lagged. One 
or more chute-gates, with raises 30 ft or more 
apart, are built on a turnout. 
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Fig 036. Chinaman Chute with Bulldozing Chamber, Tenn Copper Co 
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** Bulldozing ” chutes and chambers are used for largo-scalo shrinkage stopes (.\rt 68), 



where blockholmg can not be done m the 
stopes and where large slalxs would clog the 
gates. For examples, see Alaska Gastineau, 
Heataon, and Alaska Juneau mines (Art 68) . 
Bulldozing is also a necessary step at some 
mines using block-caving (.\rt SO). For 
other details of a few installations, see Bib 
(562). 

Arc gates, often used for moderately 
fine ore, may be operated by hand levers, 
or compressed-air cylinders, cost not justi- 
fied by small tonnages. Underswi ncj gate 
(Fig 637), closed by lifting through the 
stream of ore, is generally preferable to 
those which cut down through the ore; it 
is more easily controlled and less apt to 
jam or allow sudden rushes into the drift. 
OvERHiTNG ARC GATE (Fig 638) is not well 
adapted to coarse ore, duo to difficulty of 


Fig 637. Underawung Arc Gate, Northern Ontario t'losing it quickly and tightly in presence 

of large lumps. If the axis of rotation is 


placed slightly lower than the level at which edge of arc meets bottom of chute, the 
gate can be operated with less effort. 
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Fig 639 shows an ** overcut’* gate made of a flat steel plate, reinforced by a strap of 
which the ends are bent back to form arms hinged to posts at both sides of chute. This 
gate is popular in Southwestern copper mines (also used at Frood mine), having advantages 



Fig 638. Overhung Arc Gate, Inspiration Mine 


of cheapness and simplicity; best adapted to modeiately coarse ore. On small gates, the 
handle may be omitted. 

Butterfly gate (Fig 640), originating in So .Africa, used widely in Europe and at some 
Lake Superior iron mines, is biniple and easily operated, but not well adapted to coarse 





Fig 639. Flat-plate Overcut Gate 

ore, A flat steel plate is hinged along its center line so as to rotate on a horiz bar h, of 
which the ends are supported on sides of chute. A pin p, inserted from outside through 
a hole in side of chute, holds the gate shut; on withdrawing pin, pressure of ore opens the 
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gate. Flow is stopped by inserting pin and raising lower edge of plate until upper edge 
digs into the ore stream, thus rotating and closing the gate. 

Finger chutes. Fig 641 shows a chute (105) for handling large amounts of relatively 
coarse, dry ore. The fingers, held in place by the weight of an arm B, are separately 
hung from rod CC so that they move independently. Short ropes from the arms join a 
main rope, passing over a roller to a small windlass. To draw ore, the fingers are raised 
high enough for it to pass; when drawing is completed the fingers fall by gravity. If a 
large piece catches on the lip, it holds up only 1 or 2 fingers, 
the others dropping to normal position. To prevent leak- 
age when chute is not in use, a tail hoard is placed across 
the lip in angle irons D. Advantages of finger chutes: 
quick loading, freedom from clogging and from spilling 
ore on tracks. Their cost is prohibitive except for largo 
tonnages; m two Alaska Treadwell mines, they were re- 
placed by simple chute-gates. Fingers made of bent rails 
have been found satisfactory by Tenn Copper Co (317) 
and several other mines. 

Ball-and-chain, or curtain gate (Fig 642) a patented 
device invented by D. L. Cramp, and used at Lake Shoro 
Gold Mines and elsewhere, is well adapted for chutes pass- 
ing ore of widely divergent mixed sizes (597), since large 
lumps can be barred through without causing a run of 
fines. It acts to hold stationary the upper layer of a bank 
of ore standing only slightly steeper than its natural angle 
of repose. Size and wt of balls and chains are propor- 
tioned to sizes of ore and chute; a chute 32 in wide w’ould 
need 5 6-in balls. Each ball is connected by a short, 
light-weight chain to a bridle bar, which is raised and Fig 640. Butterfly Gate 
lowered by rope, pulley, and windlass. 

Keating chute (Fig 643) w'as adopted at Creighton mine, Sudbury, Ont, for heavy ore 
from shrinkage stopes, after trying numerous other forms. The ore contained many 
boulders, requiring blasting in the chutes. The gate consists of round lagging A, held 
in place by 2 tient rails. The I-beams across the tops of the posts protect the miner when 
working at a blocked chute; the inside I-beam may be omitted without danger (317). 

Baltic gate. Fig 644 shows gate used at the bottom of dry-wall mill holes in upper parte 
of the Champion mine, Mich. It is operated by lever A, and rests on the edge of the car 
w hen loading. It is incxiiensive and well adapted to the Baltic method of mining (Art 63) i 




l^ecauso, ns mill holes are used alternately as chutes and ladderways, the gates must be 
dismantled or installed when the change is made. 8ame type of gate has been retained 
under different mining system for loading 5-ton cars on low’er levels; lever bar is some* 
times placed on opposite side of drift, and connected to pan by rope passing over 2 over- 
head pulleys. 

Hanging chutes (Fig 645) are used on Mosabi Bange while mining the lowest sub-level 
in top-slicing (Art 70, 71). They have the advantage of holding several ears of ore in a 
short vert distance, and so avoid interference between miners on the sub and trammers 
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on the main level. The sub-level track is carried on short drift-sets, which also support 
the chute sides; the bottom, of loose boards, rests on 30-lb rails, which run lengthwise of 



Fig 642. Cramp Chain Gate 








SlOi ELEV. FRONT ELEV. 

Fig 643. Keating Chute, Creighton Mine 


the chute and carry most of the weight; the rails hang from the caps of small sets just high 
enough to clear the cars on the main level. The chutes are sometimes 20 ft or more long, 
1 or more cars being filled at a time by removing some of the bottom boards (36). 
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91. MECHANICAL HANDLING IN STOPES (See also Sec 27) 

General. Mechanical devices may be used in slopes solely for transport or solely for 
oading, or for a combination of these purposes. Herein is first described the use of cer- 
tain eauipment for transport; then misc examples of mechanical loading or transport or 
X)th. Other examples of mechanical handling are given under open slopes (Art 31-34), 
op-slicing (Art 71, 72), and sub-level caving (Art 76, 77); for use of scrapers for distri^ 
iting filling in slopes, see Art 62; for scrapers and loaders in headings, see Art 20. For 
jonstruction and operation of the numerous machines in use for underground loading and 
landling, see Sec 27. Development of these machines has been rapid during recent years, 
vith a corresponding increase in their application. In many mines, former sloping 
nethods have been modified to allow the use or increase the effic of mechanical handling; 
n other more recent ones, the development of slopes has been planned for such equip- 
nent as an essential feature. In general, mechanical handling is most advantageous for 
airly large-scale operations, where the savings effected apply to sufficient tonnages to 
varrant the first cost and maintenance of the equipment. 

Besides savings m direct cost of loading and transport, there are often collateral or 
ndirect economies connected with mechanical handling: (a) increased rate of output 
rom a given area, of special importance under a weak or heavy roof; (b) reduction in 
ootage of narrow work required to develop given sloping areas; (c) employment of more 



Fig 646. Development at Crown Mines, Transvaal {E & M JT) 


skilled and semi-skilled labor and leas dependence on lower-grade labor (though natives 
5 f So Africa and Nor Rhodesia have proved quickly adaptable as scraper operators); 
[d) in flat or slightly dipping slopes, a savnng in installation, maintenance, and moving of 
itope trackage; (e) under treacherous roof, or while drawing pillars, scrapers reduce 
langer to workers by making it unnecessary for them to remain continuously in the slope. 

Transport in slopes on flat dips. Deposits dipping 10°-35® present a problem of 
obtaining cheap transport from stopie faces to le\els. On steeper dips, ore slides to the 
levels. Minimum dip for sliding by gravity is 33°'-45°, depending on character of ore and 
“ootwall; on dips flatter than lO"*, cars may run directly to slope faces. On intermediate 
iips, ore must be transported to the levels. Some form of scraper is usually the best and 
iimplest means of stoiie transixirt, if scale of work and other conditions justify its instal- 
ation (see Sec 27, and btdow, under Scrajiers). 

Other methods of stoi>e transport, used prior to modern scraping methods, and still 
.ised alone or as auxiliaries to 8(*raping are. (a) By costly shoveling along footwall. 
Dre from upper parts of n lift may require several handlings before reaching the level; 
this limits the level interval (Art 19) and increases development costs. In general, it is 
lustified only for small w'ork in high-grade ores. (6) By intermediate levels and raises, 
to which ore is shoveled or scraped. Lateral transport on intermediate levels may be in 
harrow's, cars, or scrapers. Fig 646 shows an elalxiratc system at Crowm Mines, Ltd, 
Transvaal, for hand shoveling in stopes (73) . Main haulage levels were about 300 ft apart; 
^hute-raises (ore-passes) sloped 55°, and were arranged for a max shoveling distance of 
100 ft; 20-ru ft cars trammed to chute-raises; their tracks were on footw'all parallel to 
strike, and level with collars of raises. Such systems, of which many variations are pos- 
lible, are expensive in non-productive development; they do not eliminate shoveling and 
wheelbarrow w'ork, but reduce its distance. Hoover (20), in discussing this general 
method, says; “In some flat deposits, crosscuts into the wa-lls or even levels under the 
orebody are justifiable. The more numerous the ore-passes, the less the lateral shoveling, 
but as passes cost money for construction and for repairs, there is a nice economic balance 
in their frequency." Obviously, scrapers may be used in similar systems of intermediate 
levels and raises (compare development for top-slicing, Art 70, 71). (c) By tracks laid 

on f(X)twall at an angle to the dip, so that cars can lie run to stope faces (Fig 202, Art 34). 
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This is feasible in deposits of large area, with regular footwall, and dip less than 10°, but 
not in short, irregular oreshoots. (d) By breast sloping to the dip (Art 31). (e) By 

giavity planes, stationary or shaking chutes, or other stope conveyers described below. 
These aids to stope transport are limited to open stopes in regular deposits; not applicable 
where hanging wall is heavy, requiring close support, nor to deposits of very irregular 
shape and dip. 

Self-acting (gravity) planes, Empire mine, Grass Valley, Cal. Ore occurrence resembles 
that at North Star mine (see below) ; dip is about 30°. 

From a raise R (Fig 647), near middle of oreshoot, intermediate drifts are driven 75 to 
100 ft apart. At A, just above the highest drift, are placed 2 drums with a brake. One 
drum has a friction clutch for regulating the length of rope to suit the different levels. 
The raise is double-tracked, with turnsheets at the intersections with drifts. Cars lowered 
from the turnsheets by gravity dump automatically into chutes at the main level (336). 
To give room for loading, there must be a minimum clearance of 18 in between top of car 
and hanging wall; hence planes are not applicable in veins less than say 4.5 ft thick. For 
details of gravity planes, see Sec 11. For use of planes operated by hoists, see Rand 
practice, Art 33. 


“Go-devir» planes, North Star mine, Cal. Aver dip of vein, 23®. L. O. Kellogg (337) gives 
following data. Mam levels are 333 ft apart; from them, stopes are opened m a series of lifts 
(Fig 648, 649, and Art 39;. Beginning at a level, the first stope is carried toward the raise and to the 
limit of the oreshoot, the ore being shot 

down on plats laid over the level track .... 

After making 2 or 3 cuts, a shoveling plat D rib 

is built, at least as high as a car. If the dip 

is steep enough, chutes are put in to load k. t 

cars by gravity. When the stope face 

has advanced about 30 ft, it w drilled ^ ~ / 

throughout its full length. Then the pil- ^ I I I S 

lars next to chute are blasted out, and a / 1 1 • J 

row of Stulls is set about 5 ft from the / J m 1. fe 







face. These are lagged to retain the broken ore. VVhen spare is made, the first intermediate 
track is laid (Fig 649) and the 2nd lift begun. (Fig 648 shows work at the 0th lift.) 

The ore, stoped in successive lifts, is lowered to the main level by double-track planes (“go- 
devils”). The headblock (Fig 650) comprises 3 sheaves, with a triangular brake block between 
them, applied by the lever to all three shoavf's. The headblock is suspended at the top of the plane 
by a bolt through a post. A 5^-in rope is used for 16-cu ft cars. The trammer fills a ear on a lateral 
track, trams it to a turnsheet at the intersection with the plane, hooks on the rope, pushes the car 
over the edge of the turnsheet on to the go-devil track, and grasps the biake lever The descending 
loaded car pulls up the empty. The track is 20-in gage, of 12-lb rails on 4 by 6-in ties. Three cars 
in a stope handle the product of 4 or 5 drills, from 10 to 15 go-devils supplying a daily production of 
350 tons. 
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Stfttio]it.ry chutos are open steel-plate troughs, of curved or rectangular cross-sec, laid on the 
stope floor, or on waste rock or small timber bents Ore is shoveled into the chutes at the face, or 
wheeled to them in barrows. On the Hand (Art 33) seuu-circular chutes convey dry ore on dips 
over 30°, which is about the minimum angle 


at which ore wiU slide. Flatter dips are pos- 
sible if the ore is thrown or dumped into the 
chute, thus having an initial momentum. 
These chutes are in 10-ft sections, 18 in wide, 
of 1^-in plate. Rectangular chutes, 20 in wide 
by 5 in deep, and pitching 31° to 34°, were 
used at Golden Cross mine. Cal, for dips of 
about 30°. Similar chutes have been used 
for cleaning up stopes at Mohawk copper 
mine, Mich (Art 41). Stationary chutes are 
cheapest and simplest. During blasting they 
may be protected by piling ore on each side. 
In a few cases on the Rand, a small stream 
of water has been used to assist movement 



of ore, when chutes are nearly at the critical C49. 

angle. 


North Star Mine (Sec through stope, 
showing 1st track) 


Shaking chutes have been used widely in flat stofies on the Rand, though lately 


often replaced by scrapers. They aie shallow, shect-iion trouglns, of curv^ed cross sec. 



hung by chains from eyebolts in 
holes in the hanging-wall, or better 
from a taut wure rope and turn- 
buckle (kig 6ol). The chute is 
siLspcnded m an inclined position, 
and the ore shoveled into it while 
it IS sw'ung longitudinally by one 
or more Kafirs. At each back- 
w’ard swing the ore moves by its 
inertia down the chute a few inches 
to a foot or so, and discharges 
almost continuously. In large, 
flat stopes, ore is thus conveyed 
consideiablc distances by tw^o or 
more chutes in series; also, the 
successive lengths may be placed 
at angles to one another. These 
chutes aie inexpensive, with large 
capacity and low^ operating cost. 
Disadvantages of suspending 
chutes from eyebolt.s: (a) difficulty, 


with irregular hanging-wall, of drilling holes in line and at prop>er intervals, and adjusting 
the chain." that chute swings fieely and .some cluims do not work against others; {h) 
new holes mu.st be dulled each time chute i.s moved. If hung from a rope (Fig (iSl), the 


chains are easily shifted The ropo 
sup[K>rts may be 30 ft or moie apart; 
clo.ser, m narrow’ slopes. ( 'lips are 
fastened on the ropo at interval.s e<iual 
to the chute lengths. \s the rope ro- 
miuns in place dining blasting, the 
chute is readily shifted. A few liolcs 
can l>e drilkHl on a new lino, the upiier 
end of the ropo moved over and the 
rope tautened. (Vliutes deliver directly 
into the pocket or car (1S7). On the 
Rand, chute segments aio 8 ft long by 
IS in wide, of }'^-iri plate, l^w’or end 
of any segment slips into upper end of 
the next one, and is fastened by 2 liolts 
fitting loo.sely in slots, to allow flexibility. 
As the stope face advances, the chute is 



Fig 651. Mode of Support for Shaking Chutes 


lengthened, to keep within shoveling 

distance. Fig 6.52 .show’s a chute of plate, reinforced by straps. On slopes less 

than 8° or 10®, ore will not move forward efficiently. It is advantageous to have stope 


faces parallel to the dip, so that chutes may be set at the max possible slope. Long chutes 
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may be swung by air or electric motor mounted on a drill column and provided w-ith 
reciprocating mechanism. For data on shaking chutes in Randfontein Estates, see paper 
by H. Clark (566). 

L. Jacob, in 1935 (547) describes use of shaking chutes at Ottanqi: 2 mink, Moselle, France. A 
nearly level bed of iron ore 1.5-1. 7 m thick is worked by room-and-pillar methods, followed by extrac- 
tion of pillars and caving of overlying strata; immediate roof is a bed of blue marl 0.75 m thick, 
requiring some support by props and cribs. Ore is wet and contains about 50% of fines with strong 
tendency to agglomerate; it is broken to room width of 14 m by L O X explosive in slabbing rounds, 
retreating on both sides of a previously advanced heading 4 m wide. The conveyer comprises 3 sec- 
tions; (1) discharge end, 12.5 m long, sloping upward from floor to load into a oar 1.4 ra high, stand- 
ing on haulage entry outside of room; (2) main horis section, to max length of 30 m, dividing at its 
inner end into a short Y; (3) 2 inner extensions, max length 30 m, each joined to a branch of the Y 

by adjustable connections permitting the extensions 
to be spread apart at any angle to max of 30**. 
Troughs are of 3- and 4-mm Mn-steel plate; rec- 
tangular sec area of main trough is 750 sq cm; of 
branch troughs, 530 sq cm. All sections are rigidly 
joined, mounted on roller bearings resting on floor, 
and oscillated (with accelerating forward stroke 
and qmck return) by mechanism placed under dis- 
charge end and driven by a 19-kw, squirrel-cage 
motor; strokes about 175 mm long, 82 per min. 
Aver rate of travel with this ore, 13,5 m per mm on 
main section; slower on branches, and fa.ster on 
upward-sloping discharge end. With 8 men shovel- 
ing into 2 branches, 18 m long and parallel to 
mam line, aver output was 36 tons per hr (6 men, 28 
tons), spreading the same branches to 30® apart 
reduced output of 8 men to 27 tons per hr (6 men, 
22 tons). It was found advisable (to maintain speed) for branches not to exceed the length of mam 
section, limiting over-all length of room to about 70 m, reduced to 55 m when ore was very wet. 

For another example of shaking chutes, see Boleo, below. 

Aerial ropeways (see Sec 26). One (Henderson-Tucker) gave good service in the Geld- 
enhuis mine (Rand), in stopes averaging 7 ft wide, on dips of 5® to 10®. 

The standing rope terminated over a small pocket, for loading cars on the level; upper end was 
fastened to a drill column at any desired point in the stope, and the rope was tautened by a turn- 
buckle. The trolley and bucket descended by gravity, and were pulled back by a small air or elec- 
tric hoist on the drill column. This device was suitable for stopes of any length, but, for spari'i 
exceeding 100 ft, the rope had to be supported at an intermediate point by a clamp attached to 
the arm of a drill column. The bucket 
dumped automatically. The ng could 
be dismantled in 15 to 20 min, and 
erected in about 30 min, irrespective of 
the length. Moving the column at the 
upper end took 10 to 15 min. During 
blasting the bucket was removed and 
rope slackened (256). Two track-cables 
were sometimes used, for working m 
balance. The winch then had separate 
clutched drums, otherwise buckets could 
load at one place only. Fig 653 shows 
a simple device to overcome this diffi- 
culty, invented at New Klemfontem 
mine. X and Y were the mam ropes; 

Z was a swinging stop, to take up 
shocks. M and N were side-tipping trucks, holding 4 to 10 cu ft. Ifaulage rope O passed around 
2 grooved wheels W and over pulley A, which traversed rope JiC and so % aned working length of O. 
This conveyer would work in a reef 45 in wide, and on dips of 15®- 35® (546). 

Monorails and trucks. The Wager Bradford elevated system, proposed for levels and very 
flat stopes on the Rand, has not been successful. Difficulties in supporting the rail and cost of instal- 
lation offset the advantages due to decreased friction. Barrows with grooved wheels on mono- 
bails (554). For thin veins at dips to 25®, E. M. Weston used a 2-cu ft wooden Cornish barrow, 
with grooved wheel running on a wooden rail; or for regular dips to 18®, a 3-cu ft steel harrow on 
steel rail. Under rear end of the body is a grooved block, for guiding the barrow in sliding on the 
rail. Wheel is a hardwood disk, with slightly larger Vs-in steel disks on each side, forming a groove to 
fit the rail. It will run on the stop^ floor, if fairly smooth. Several barrows may operate on 1 rail, 
an empty being tipped off the rail on meeting a loaded barrow. 

Belt conveyers underground. Belt conveyers have been installed underground both 
for transport exclusively and also to afford opportunity for hand-sorting of ore in transit. 
Usually, the conveyer delivers to loading pockets or final disposal, not into mine cars. 



Fig 653. Aerial Ropeway for Stope Transport 
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For examples of simple transport, see Mesabi (Art 96); also Tri-State district, Grand 
Saline salt mine, and Boleo (below). Other examples follow. 

New Idria quicksilver mine, Cal. A belt conveyer, installed in an adit 300 ft lower 
than original outcrop, is used both to dispose of stripped waste and to permit hand-sorting 
of ore from glory-hole workings. At bottom of glory-hole chute, boulders are bulldozed 
to pass a grizzly of 4-in round steel bars spaced at 14-in centers; material is delivered to 
conveyer by apron feeder and a chute punched with 1-in holes, to allow fines to cushion 
large pieces; usual rate of feed, 350 tons (capac, 1 000 tons) per hr. Belt, 42 in wide; 
length, c-c of pulleys, 1 260 ft, of which 670 ft is inside and 680 outside of adit; belt speed, 
310 ft per min when discharging open-pit strippings, 46 ft per min when sorting ore (320), 

East Geduld No 1, So Africa. Recent installation of a belt conveyer at the loading 
pocket near bottom of the 3 226-ft vert shaft (195) was a new development in Rand prac- 
tice. Coarse ore from a grizzly is hand-picked, and waste returned (by cars) for stope 
filling. Method offers advantages to 
deep mines where filling is needed, 
other means of sorting are inapplica- 
ble, and shaft facilities could be fully 
occupied with hoisting of ore. 

Tri-State district. C. W. Nicolson 
(191) recxjrds in 1938 that 2 new 
mines have installed belt conveyers, 

500 ft and 700 ft long, both intended 
to be lengthened, for moving ore re- 
ceived from scrapers to skip-loading 
pockets at shaft. Before falling on 
belt, the ore passes over a lO-iii grizzly* 
but lai ge slabs frequently pass through. 

Extremely abrasive character of ore 
entailed special design of belts. At 
2(X) ft per min, 24-in Wt carries 100 
tons i>er hr, labor cost, 0 Off per ton. 

For operation at one of the.sc mines, 
see D. C. <fe E. mine, Art 31. 

Cie du Boleo (652) . After experi- 
ments m 1927, conveyers, both shak- 
ing troughs and belts, ha\e almost 
completely replaced the O.o-ton cars 
formerly used. Pay ore, disseminated 
chalcocite, occurs in a seam alxait 60 
cm thick in a lied of wet clay alxmt 
2 m thick, dipping 9®, under heavy 
and weak nx>f. Straight-faced brenvst 
stopes arc advanced in direction of 
strike, working both up and down dip 
from sub-levels about 60 m apart (on 
slope). Mining is by hand; a miner 
usually extiacts a block 2 m high, 

2 2m wide, and 1.1 in advance in 4.5 
hr, including 1.5 hr on timbering. At 
a face to the rist*, ore is thrown into 
a motor-driven shaking chute (Fig 
6,54, A) .30 m long (in 3-m sections) 
either suspended by chains from roof or supported on rollers; 3 men can move such a shaker 
in 2 hr. At a face down dip, a 20-m belt conveyer R, of 18-in overall height, carries ore up- 
grade. Both face conveyers deliver to a 20-in belt R' on the sub-level, of which the max 
length is 60 m; this delivers to a 26-in belt C, in an incline at edge of stoping area, from 
which the ore is dropped through chute to main haulage level 6 m below, in the footwall. 
Adoption of conveyers increased output per man-shift from 1.352 met ton in 1927 to 2.126 
tons in 1931, An incidental advantage, especially important under the difficult roof 
conditions, was that a given area could be stoped more quickly, with larger sub-level 
intervals, and at less expense for drift maintenance. Further details in Bib (552) . 

Scrapers in stopes. Scrapers, usually operated by double-drum hoists (occasionally 
3-drum, as at El Potosf, l>elow), are widely applied in nearly all forms of stoping, though 
most often in stopes at inclinations where ore will not roll or slide unassisted. In some 
oases, they serve only for transport, as distributing waste in filled-back stopes (Art 62) , or 
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working ore downward over irregular footwall, as in Golden Messenger mine (Art 40, and 
below), but their chief function is loading ore, directly into cars by a ramp or slide, or into 
loading chutes in bottom or lower edge of a slope, or at end of a special scraper drift They 
have been particularly useful in top-slicing and sub-level caving systems of Lake Superior 
iron-ore mines In some mines, as Flin Flon (Art 43), Utica Extension (Art 71), and 
Chmax (Art 87), the whole development and extraction plan has been devised to include 
scraping as its chief feature, in Tn-State District (Art 31), Michigan amygdaloid mines 
(Art 41), Rand gold mines (Art 33), and many others, scrapers have been adapted to 
former practice (sometimes slightly modified) to economize m labor Following examples 
illustrate other scraper applications 

Tn-State district Ore is hoisted almost exclusively in cans 30 to 32-in diam and same 
height, holding 1 100 to 1 400 lb, for movement underground, can is mounted on a low 
truck, and then requires vert clearance of 54 in An aver shoveler ($5 25) loads 25 tons 
per shift During 1937, according to C W Nicolson (191) several of larger mines adopted 
36, 42, and 48-in scrapers, both air- and motor-driven, for 3 purposes (a) scraping to 
winzes or hoppers delivering to cars or cans on a slightly lower level, (b) scraping into 

cars or cans on same 
level, via ramp or slide, 
permanent or portable, 
(c) scraping to a con- 
veyer belt delivering to 
shaft pocket Data m 
Table 62 include some 
experimental installa- 
tions and hence are sub- 
jeft to improvenient 
For data on scrai>ers m 
3 nil lies of the Com- 
merce Mining & Royalty 
Co, see Bib (583) 

Salt mining Data from H B Cooley (553) in 1932 Salt bed, lying 700 ft bolou Rurfaoe, 
Grand Saline, Tex, is uniform throughout, free from horiz seams or vert <Ieav igea, and miy bre ik 
into blocks of 600 lb or more F ig 655 sho\%8 alternative methods of mining, in both, a room hO ft 
high and 60 ft wide is advanced from shaft, the bottom of which is far enough below room level to 


Table 62. Data on Scraping, Tn-State District 


Delivered to 

Hopper 

Cans, 

by 

permanent 

ramp 

Cans, 

by 

portable 

ramp 

2 5-ton cars 
with 

2 senu- 
portable 
ramps 

Belt 

con- 

veyer 

Tons per shift 

144 

190 

182 

123 

200 

Men occupied 

3 

2 

3 

2 

2 

Tons per man-shift 

48 

95 

61 

61 

too 

Total cost per ton 


9^ 

9i 

lOft 

8ft 

Power cost per ton 

1 2^ 

1 5ft 

1 5e 

1 56 

1 2ft 




and skip Scrape r-loadlng Mioing Method 


Fig 655 Salt Mining at Grand Saline, Tex 


accommodate a crusher and skip-loading pocket The shovel-loading method, a variation of shrink- 
age stoping, has advantage of permitting a large reserve of broken salt during periods of slack ship- 
ments In the scraper method, an inclined heading 60 ft wide is driven up a 20 slope from near 
the shaft pocket, on reaching a height of 60 ft it is continued honz Inclined underhand slices 
are broken with vert 6-ft holes, 3 ft apart Broken salt is scraped to shaft pocket by a V-scoop 
of 2-ton capac, operated by 3-drum hoist Max effic distance from shaft to bottom of inclined face 
18 about 600 ft When the room, producing about 75 000 tons of salt, has advanced that distance, 
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a similar room is turned at a right-angle about 120 ft from shaft, the scraper hoist is moved opposite 
to it, and a belt conveyer is installed in the first room to transfer salt to shaft. A corresponding 
room can then be turned in opposite direction and worked without shifting hoist or extending con- 
veyer; the 2 rooms maintain production for about 2 yr before moving equipment again. 

N’Kana mine, N Rhodesia. Scrapers are used in sub-level open slopes, when the 
dip is less than 50°, and in connection with rock chutes delivering ore by giavity to footwall 
haulage tunnels (528). Slope widths, in direction of strike, are 35 ft (under weak roof) 
to 80 ft; length on dip, up to 150 ft; scraper diifts are usually at 125-ft vert intervals. 
For details, see Bib (528, Dec, 1935). Hoe-type scrapers are 60 in wide and weigh 2 400 
or 2 800 lb; respectively operated by 50- and 100-hp motor hoists. A bracket bolted 
outside of one end aids in righting scraper if it overturns. Tail-rope blocks, 14-m diam, are 
fastened: (a) by 2 or 3 eyebolts wedged into holes and connected by chain from which 
the block is suspended; (b) by a piece of ^/ 4 -in wire rope, clamped around a thimble, and 
its ends wedged and cemented into 2 holes 4 in apart and 2.5 ft deep; a row of such slings 
is connected by chain across top of stope and tail block attached where needed. Scraping 
may be continuous, or on 2 shifts; a 35-ft stope may yield 6 000 tons a month; larger 
ones, 10 000 tons. Blasting of boulders facilitates scraping and passing through the 
grizzly with 22 -in openings. A scraper crew, working 2 or 3 stoixjs, comprises 1 European 
and 12-15 natives. Cost of scraping during a 6 -mo period, 7.2 d per ton, including labor, 
explosives, supplies and power. See also Roan Antcloiie mine, Art 43. 

Pickands Mather & Co. Study of slicing with scraper-loading into 60-cu ft hand- 
trammed cars, at the Bennett mine on the Mesabi Range, showed that loading and tram- 
ming consumed SO*;© of the time for a complete cycle, the slices being 50 ft long, 10 ft wide, 
12 ft high (268). Substituting a scraix^r for cars in the transfer drift (terminating at a 
chute delivering to mam haulage-way m footwall) and working 2 slices at once from 
opposite sides of this drift (3 men taking the place of previous 4), increased man-shift 
output from 27 to 30.8 tons where transfer drift was 150 ft long, and from 24.5 to 30.7 tons 
m a 2(X)-ft drift, an increase of 25% in latter case. Nece.ssity for building and moving 
scraper slides was also eliminated. Same C'ompany’s Utica Extension mine (Art 71) 
was thereupon developed for scraper handling exclusively, ore l)ed, 10-12 ft thick, is 
nearly horiz but .«<lightly undulating. Transfer drifts, 6 by 6 ft, w’ere driven from tops of 
footw'all loading chute.s along Iwttom of ore to boundary of the block to be mined; these 
diifts averaged about 340 ft long and reijuired no uniformity of grade (an added economy 
over car transport). Slices w’cre .starteil on both sides and at right-angles to end of 
transfer-<lnft, and staggered by width of one .slice (Fig 482). Each slice was worked with 
a 1 h)\ scraper 42 in wide, 18 in high, and of 10 cu ft capac; this proved better than a higher 
14-cu ft scraper. Scraper hoists w'cre 7.5-15 hp, with 440-v motors. Transfer drifts w’ere 
flo<ired alxnit 4 ft wide with 2-in plank, the box scraper used here w’as 4S in wude and 30 in 
high; normal capac, 24 cu ft, but actual V’ol dragged over floor w'a.s al)out 29 cu ft. A 
pcrajier 60 in wide had less loading effic. Pull rope diam, 0 5 in; speed, 450 ft per min; 
tad rope, ^/s-m diam; speed, 5.){) ft; return tail roi^e was carried on 6 -in sheaves along 
drift. Operation and levcrsmg of the 3.>-hp hoist at chute end of drift was entirely 
automatic, though under contiol from either end of .scraper-road; 5«peed w’as retarded 
within an adjustable distance (usually 25 ft) from each end, overwundmg at either end 
v\a‘< also jireventcil automatically. By this plan, 1 miner could watch the transfer scraper 
and operate the feedei scraper m 1 slice while 2 others were drilling or timlx'ring m opposite 
slice, output of 23.7 tons per man-shift w’as thus attained. 

Woodward Iron Co. The upper bench (10-12 ft thick) of the "Big Seam" hematite at Bessemer, 
Ala, IS worked by .a room and pdlur method (.Art 40), loading ears nlnH:>at entirely by scrapers (177). 
Inp la gentle but variable. Main haulage-wuya are 12 ft wide, but widened for double-track oppo- 
site bottiuii of e»u'h room. I'hese aie turnctl 12 ft wide up the rise at 75-ft intervals, beginning at 
property line, and driven for 26 ft with hand loading. Scraper slide, then installed, is mainly of 
12-in, 26-11) channels, 16 ft long; bottom requires 12 channels, flat side up, bolted together, and 
Rtipported by trestle near outer ends. Double-drum, 66-hp hoist, on a self-propelling truck, serves 
.6 rooms alternatelv, standing on side track opposite the slide. Beyond its neck, a room advances 
.‘to ft wide, to the next higher huulage-w ay, usually 220 ft (sonietiincB 300 ft) and is then stripped 
U) ft on each side, making .'lO-ft rooms and 2.6-ft pillars, A round of It-lS S-ft holes, by 2 or 3 
tripcxl drills, breaks 100- 12.6 toms per drill-shift Box-type, 3 100-lb scraper loads out 2 rooms while 
a tJiird 18 being drilled and blasted, and 2 others are being started. Including a shoe finally taken 
from wall of haulage-way, first mining yields about 66% recovery, increased to 75% by splitting the 
pillars. 

Flin Flon sulphide ore is excessively hard, and breaks into large, angular pieces; it is 
mined by sub-level open sloping (.Art 43) and as the surface equipment includes a 42-m 
crusher, no effort is made to break ore in slopes smaller than 36 in (565). A stope 300 ft 
long (dip 70®) discharges through 8 untimbered raise chutes, 40 ft apart, into a “scram” 
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drift, each end of which connects through a grizzly raise with main haulage crosscuts 12 ft 
below (Fig 279). The chutes are inclined at 50® and offset to footwall side of drift, so that 
broken ore rolls onto the floor and is bulldozed if necessary. At each end of scram drift, 
and beyond the grizzly, a 75-hp, double-drum hoist operates a scraper, dragging ore from 
the nearest 4 chutes, or 150 ft max travel. Scraper is of arc-hoe type, 6.75 ft wide, weighs 
2 800 lb, and delivers about 5 tons per trip, or 500 tons in 8 hr. Haul rope 7 /g-in, tail rope, 
* /4-in, passing over 24-in sheaves. Floor of drift is laid with longit 40-lb rails, 2 ft apart, 
to reduce scraper friction. 

El Potosf mine, Chihuahua, Mex (see Art 37) . Scrapers are utilized in the glory-holes 
in chimneys and thick mantos (when the benched area becomes too wide for gravity dis- 
charge to central chute) and especially in open stopes in thinner mantos, opened through 
raises from haulage drifts in footwall (174). In 1933, scrapers handled 154 750 tons, or 



34% of total output. When suitable, scraping saves 10-30ff (U S) per ton ox’er hand 
shoveling, due to increased output per man-shift; it has also permitted working of numer- 
ous otherwise unprofitable orebodies. Hoe scraper, made in Co shops, is 3 ft wide and 
15.5 in high; back plate is curved to IG-in radius, and has replaceable edge, ropes are 
strands from discarded 1.25-in shaft-hoisting rope. Preferred hoist has 3 drums, with 
15-hp motor; as compared with a double-drum, this hoist can scrape a larger area from 
one set-up, and with less frequent shifting of tail-rope sheaves. Scraping distance is 
normally 100-125 ft; occasionally 150 ft, with some loss of effic unless a higher-speed 
motor is warranted. Fig 656 shows scraper installations in a typical man to stope, worked 
by underhand benches to height of 40-65 ft above a nearly horiz floor. (See also Sec 27.) 

Golden Messenger mine, York, Mont. Scrapers move nearly all the ore from stopes, 
about 125 tons a day (Art 40). Veins, 4-10 ft wide, dip 30°~60° (aver 40°), and are often 
interrupted by step faults of small throw; these produce an irregular footwall, and require 
numerous pillars (Fig 245). Stopes are worked both over- and underhand, through drift 
chutes 15-30 ft apart. At chutes 60-75 ft apart, scraper hoists with 7.5-hp motors are 
mounted on top of drift sets. By adjusting snatch blocks, ore can be scraped into chutes 
40 ft on either side, as well as into the hoist chute. Due to small capac of chutes at this 
low dip, ore is often drawn into stock piles at points where it can be reached quickly when 
chute is being drawn. Drag of 125 ft is about the limit for these hoists, using 30-in box 
scrapers. Similar scrapers are installed inside of the stopes, aiding flow of ore over high 
spots in floor, through openings between pillars, and to within reach of chute 8crai:)er8 (69). 

Witwatersrand. Data from C. L. Butlin (559) in 1930. Adoption of single-hole 
benches drilled by jackhammer, together with reduction in sloping widths, greatly 
increased the area from which ore had to be removed to maintain the output. At Mod- 
DBRFONTEiN MINE, for example, in 1923 each 100 ft of sloping face produced 23 tons per 
shift; in 1928, the aver was only 10 tons. Experience with shrinkage sloping (Art 33) 
and scraper loading has shown the most favorable conditions for such work to be: (a) stope 
face straight and nearly parallel to dip; (b) absence of faults, and of roof supports in 
scraper path; (c) scraper pull not longer than 200 ft, sometimes requiring a subdivision 
hy intermediate haulage levels. Breaking and scraping are conducted alternately in 
adjoining panels, the scraper removing about 40% of ore broken and thrown back from 
faoe; rest remains in shrinkage pile for subsequent disposal by another scraper (Fig 196). 
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Comp-air, 10-hp motors were usual; now replaced by larger elec motors. Rope speeds, 
60-100 ft per min under load, and 100-180 ft empty. Scrapers could handle 12-15 tons 
per hr; actual performance, about 37 tons per scraper-shift, employing 6 or 7 natives for 
entire work. Aver of 5.5 tons per man-shift compares favorably with effic of former hand 
shoveling in wider stopes. Advantages of scrapers used in shrinkage stopes, as proved at 
Modderfontein, are: (a) ability to work with good effic in thin reefs (36 in or less); 
(6) saving in labor by eliminating hand shoveling under adverse conditions; (c) reduction 
by 85% of car trackage required in hand-loading stopes. For further details of scraper 
practice, see papers by H. Clark and R. B. Smart (556). 

Power-shovels in stopes. The utility of these shovels in stopes, as contrasted with 
headings (Art 20), is limited to nearly flat orebodies with height of at least 9 ft, worked 
in wide, open stopes, as in S E and S W Mo. Under these conditions, a caterpillar shovel 
has following advantages over a scraper: (a) greater flexibility, as it can move freely in 
stope, and from one stope to another; (6) ability to load cars without need for a slide, 
and at any place to which cars can be brought; (c) does a completer job, leaving less ore 
to be cleaned up by hand. Examples follow. 

Hartley mine, Tn-State District. A caterpillar-mounted, elec-driven, dipper shovel 
in 1932 loaded part of output of this mine into 32 by 32-in cans, standing on trucks 13 in 
high above rail. Motor, 15-hp, chain-drive, has enough power to move boulders several 
tons in wt. Dipper is specially designed for loading cans. Shovel can work in a room 9 ft 
high. During a test period of 127 working days, the shovel loaded 16 565 tons (24 516 
cans) at following cost per ton: Connected energy charge, 0.382ff; power consumed, 
0.946^; depreciation and repairs, 3.070^; interest, 0.776ff; labor (1 operator, 1 helper, 
1 extra trammer), 7.830ff; total, 13.004f^. At same time, hand loading by contract 
(averaging 35 tons per man-shift) cost 21.202ff per ton, plus 0.167ff for wear of tools; 
total 21.369^ per ton (323). 

Barr mine, Tri-8tftte District. In 1929, 30% of the output wae loaded with dipper-type (10-cu 
ft), elec-dnven (25-hp) caterpillar shovels into 1 5-ton cars hoisted on self-dumping cage (unusual m 
this district). Cars were loaded alternately on both sides of shovel. Usual duty w as about 100 cars 
per shift of 3 men, or 49 tons per man-ehift. Contract price for hand-loading from plank floor was 
38 to 41.5^ per car (2.5- 281^ per ton) , aver duty, 24 0 tons per man-shift. Shovel thus doubled out- 
put per man, and reduced labor cost per ton (shovel crew totaling $13 per shift; to about one-third 
that of contract hand loading (143). 

St Joseph Lead Co, S E Mo. This Co has made extensive use of the Thew shovel, 
modified in eoino details It is eloc-driven, has caterpillar traction, but is transported 
from stope to stope by climbing onto a truck hauled by loco. At Mine La Motte, the 
shovel is rarely moved into a stope until 400-500 tons of broken ore has accumulated, 
which it then loads into 4<S-cu ft (2.7-ton) cars, 42 in high, at rate of 160-300 tons per 
sliift. Cars are moved by cable-reel loco. Shovel needs min headroom of 6 ft 2 in (5^). 

92. “SAND FILLING” OF STOPES IN METAL MINES (See also Art 110) 

General. Sand or similar granular material has following advantages as mine filling: 
(a) rapidly and cheaply transported by air, water, or both; (6) spaces can be filled sohdly 
and completely, and m places inaccessible or costly to reach by other means of transport; 
(c) when well placed and drained it has greater compressive resistance than any other 
material except concrete; (d) at any mine equipped with a nearby coiicentiator or cyamde 
plant, abundance of suitable sand is usually assured, (t) ultimately, when w’ell settled 
and not xnolently disturlied, sand will stand unsupported in an almost vert face; if it 
contains iron sulphides, it may Ix^come, through oxidation, almost as firm as rock; at 
Horne mine (Art 43), pyrrhotite mill tailings are added to coarser filling for this reason; 
(/) solidly placeil sand, lacing almost impervious to air, prevents short-circuiting of ven- 
tilating currents through stopes thus filled. Sand and oven coarsely crushed material 
(max size alxmt oiie-thiid diam of conducting pipe) has been conveyed by low-press air in 
some European coal mines, and sand max size by high-press air, at Champion mine, 

Mich (Art 63) ; but water is commonest transporting agent, as in followmg examples (note 
use of air jets in conjunction with water at Hodbarrow mine). The gold mines of So 
Africa have widely employed sand filling, utilizing the leached residues from cyanide 
plants. Method was first applied to reiiiforcjug shaft pillars and important underground 
stations; later to support of heavy ground in general, especially to aid extraction of 
pillars and other remnants, or recovery of ore temporarily used as filling for "pig-styes.” 
In some mines, sand filling has been placed close to faces of active stopes. According to 
R. S. O. Stokes in 1936 (195), sand filling has bwn abandoned in mines of Central Rand, 
though still advantageously employed in some deep mines of Far Eastern Rand, as where 
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parallel gold-bearing “leaders” have been found in hanging wall of main reef; in such 
cases, sand serves as footwali for further developments. When a suitably situated shaft 
is not available, special boreholes, 7~11 in diam, are shot-drilled, at cost of about $4 per ft, 
for dropping sand. A large mine usually needs at least 2 such holes; New Modder has 
used 8 holes to distribute 3 000 tons of pulp per day; Simmer <fe Jack had 2 boreholes 
besides pipe lines in inclined shafts. Government Gold Mining Aieas has 2 holes 1 000 ft 
apart and drops 4 000 tons of sand (dry wt) in 8 hr (576, 630). 


Details of So African practice. Following notes are from papers by E. Pam, W. A. Calde- 
cott, O. P. Powell, B. C. Gullachsen, R. E. Sawyer, and others, on practice between 

1910 and 1016 (251, 329); more recent 
data are fragmentary (576, 589, 630). 
Pkepabation of stopes. Fig 657 
shows typical filling operations. Bar- 
ricades are erected in box-holes between 
level-pillars, and along the sides of 
areas to be filled; where possible, work 
is so arranged that faults, dikes or 
shaft-pillars are utilized to retain filling. 
On flat dips, the sand is sometimes 
shoveled up to make a dam along the 
side of area being filled (AB, Fig 657) ; 
to do this, the pulp must bo very thick. 
Construction of barricades depends 
on their position and length of time 
they are expected to stand without 
rotting. After draining and taking 
Fig 657. Sand Filling, Transvaal Gold Mines weight from the hanging, sand com- 
pacts so that a free face of fill will 
stand without support. Hence, barricades may only be needed for the period of filling 
and draining, though for safety they are best kept unbroken during the life of the 
level. If there is danger of running water entering the stope, the barricades must bo 
strong and permanent; the water should be isolated and piped off through the fill, other- 
wise, it may develop a disastrous hydrostatic pres.sure. The types of barricade in Fig 658 
have been successful; (a) and (c) are common at bottom of open stopes; (6) is built in 
box-holes; (d), less expensive, is used on sides of filled area, woven wire, 6 by IH-in mesh, 
is sometimes used instead of split lagging for support of cocoa matting. At .Simmer <fe Jack, 
cost of such barriers, 6 ft high, is 7 sh per lin ft. Treatment of sands. Cyanide salts break 
up in tailing lying on the edges of old 



dumps, exposed to air and sun; such 
material may be sent underground with- 
out danger. But, to save cost of rehan- 
dling, tailing direct from the cyanide vats 
(“current tailing”) is most frequently 
utilized. Current tailing requires oxidiz- 
ing treatment to destroy cyanide salts. 
KMnO^ and bleaching powder are com- 
monly used, the amount depending on 
strength of the last cyanide solution 
used, and on moisture content of the 
sand from the vats. At Simmer & Jack 
mine, the tailing contains 12% moisture, 
carrying up to 0.02% total cyanide. 
From 0.2 to 0.25 lb of KMn04 is used 
(5% solution) per ton of sand. Frequent 
moisture tests are made on the pulp en- 



(a) VEST CROSS-SEC (6) VERT CROSS-SEC 



Fig 658. Types of Barricade for Sand Filling on 
the Rand 


tering the borehole, which has never contained more than 0.0025% total cyanide, and no 
traces of HCN have been found in stopes being filled. As Hand sands contain H2SO4 from 
decomposing pyrite, some alkali (as lime) is added to prevent generation of HC'iN." At i^^ast 
Rand Proprietary mine, in 1916, ashes from coal were found to contain enough CaO and 
CaCOi for this purpose. Slime should be removed from sand to bo used as filling, since it 
retards drainage through barriers; this is done by classification in the mill or in cones 
erected usually close to point of discharge to underground, (iovt Gold Min Area.s has a 
batteiy of 16 cones, 9 by 9 ft, at each of its 2 Ixireholes, receiving 1 : 1 pulp through pump 
and pipeline from mill 2 miles away. In former years, Rand tailings wore mainly coarser 
than 100-mesh; later tendency towards finer grinding has diminished somewhat the pro- 
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portion of sand most suitable for filling. Passing sand to stopes. Boreholes for this 
purpose, 7 to 11-in diam and uncased, are so located as to minimize cost of lateral handling. 
Their up-keep is nil. Clogged holes are easily reopened by running into them a small 
stream of water. Sand may also be conveyed through pipes in a shaft ladderway (note 
use of a wooden box for fairly dry 
sand in Cindeiella shaft, below). 

As delivered to boro-holes, thick- 
ened and do-sliined pulp usually 
has alx)ut 70% solids, by wt, re- 
quiring a slope of 30% (17°) for 
satisfactory flow in such laundeis 
as may be needed on surface. 

Underground, the pulp, usually 
diluted to about 1 *. 1, is carried 
laterally to the stopes from the 
lioreholc or shaft in pipes or open 
launders. Launders are best if 
the ie(|uisite grade is obtainable. 

I'lg 059 published by W. A. Cal- 
decott in 1914 (329), shows the 
launder grades for carrying Hand 



Fig 659. Launder Grades for Sand Pulp (Rand) 
tailings in pulps of different fluidity; it is platted from following formulas: 
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where TV =» ratio of water to solids, by wt; P = per cent of water, by wt; G = grade of 
launder, per cent Tho.se formulas are )>ased on observations (within the limits platted) 
upon flow of pulp under large-.scale working conditions; they refer to ordinary mill sands, 
containing alxnit 4% pyrite, as much as 10% of the solids are retained on a 0.01-m 
aperture screen. The exact grade vanes with many factors. “In general, the conditions 
tending to requiie increH.se<l launder giade or higher water ratio are: small volume of 
pulp, freciuent sharp cur^e.s in launder, wrong shape and rough internal surface of launder, 
unevenness of grade, large size of sam! particles and high percentage of pyrite. Conversely, 
a large volume of pulp flowing in a well designed and laid launder without curves, and con- 



Fig 0r>0 T/rtundprs for TT-indling Sand 
Underground (Hand) 


Perforttlona covered with 



Fig C61. Drainage Launder for Sand 
Filling (Hand) 


taining much shmc .and few coarse or pyritic parficle.s, requires le.ss grade than is usually 
needed for sand pulp. In installing a launder, it is desirable to increase the grade by say 
20% around cur\e.s. as w<'ll as foi some di.staiu'e at the head of the launder, to overcome the 
initial inertia of the pulp’* (C'ahlecott). Fig 000 shows for.mh of lai nder. The simple 
V launder (a), \Nith hardwood liner, i.s good and easily shifted. Typo (c), with concrete 
liners 3-ft long, has Ix'en used in the Robinson mine. Launders are laid on the floor of 
the level or hung from the loof, they may terminate near the top of the stoi>e or be car- 
ried down the dip (Fig 0.57). Pipeh, leiiuired for moving sand horizontally along levels, 
wear fast and aie turned frequently to fh.stiibute wear. Ordinary C-I, steel, and wood* 
lined pipe, and .some with poicelain lining, have been uschI; wood-lined pipe was populai 
at first, but gave trouble ami is now little used. vSteel pipe is preferable to that W’itb 
special linings and in flat place.s has a long life; at Village Main Reef mine, an unlinod pipe 
pa8.sed 7.5 OCK) tons of sand hi'foie the wear was eon.siderablo ; vertical pipe wears fastest. 
Aftor .stofiping and before starting the sand, clear water is run through the pipes for a few 
minutes, to prevent clogging. If the depth is great and the flow in a v^eit pijx) too rapid, 
hoppers may Ixi in.serted every 300 ft. See Art 110 and examples below for data on the 
horiz length of pipe through which sand may be forced by the head in a vert pipe. Drain- 
ing BAND IN 8TOPK8. Water runs off from the sand through pipes or filter beds in barri- 
cades at the 8i<ies and bottom of filled areas. Drainage launders (Fig 661), laid on the 
footwall and extending through the barriers, wore formerly widely used, but have lately 
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been largely eliminated. Cost of sand pillinq (Table 63.) In 1931, costs at Wit- 
watersrand Deep and Simmer & Jack mines were reported as 16^, and at Modder Deep 
Levels, as 13f( per ton of sand (576) . Filling operations should be continuous rather than 
intermittent. If current tailing is used, the cost of rehandling at dump is avoided; the 
water content of pulp should be as low as possible, to reduce pumping cost. 

Table 63. Cost of Sand Filling, Witwatersrand 


Mine 

Period 

Aver tons 
lowered 
per month 

Aver cost per ton, cents 

Per cent 
of coat on 
surface 

Surface 

Underg'd 

Total 

Simmer A Jack 

9 mo 

19 171 

6 73 

13 11 

19 84 

33.9 

East Rand Prop 

Aver mo 

19 490 

4 64 

9.22 

13 86 

33 5 

Witwatersrand Deep. . 

12 mo 

27 387 

7 64 

7.48 

15 12 

50 5 

Robinson Deep 

4 mo 

25 815 

3 55 

15 29 

18,84 

18 8 


Examples. Robinson mine (data from E. Pam). The plant handled 200 tons of dump sand 
per hr, which was sluiced or conveyed to a brick lined bin (500 to 600 tons capacity) near hoisting 
shaft. A 6 by 8-ft tunnel ran from side of bin to the shaft; bin sloped 30% toward the tunnel and 
discharged through 30 by 18-in holes into which water was sprayed; the launder in the tunnel sloped 
20%; sluicing water at 50-lb pressure was supplied to launder through 2 by Vs-in nozsles, the mix- 
ture in launder being 35 to 40% water by weight. At the shaft, the sand flowed doivn a 5 or 6-in 
unlined pipe, with loose flanged joints so that sections could be readily turned or replaced. Pulp 
was distributed laterally to stopes in pipes; on the 2 000-ft level, a 600-ft length of honz pipe was 
used successfully. Stopes were prepared (Fig 657) with bulkheads composed of stulls and lagged 
with 1.5-in plank, which fitted close to floor and roof, all crevices being calked with hay. Excess 
water ran off top of filling through 12-m apertures in the side barriers; these openings were blocked 
up as the sand level rose. Area to be filled should be as long as possible, to reduce pressure on 
barriers and give free overflow for water. It was planned to fill working stopes, as well as old ones. 
Barriers impervious to water require greater strength, since, due to its incompressibility, any water 
left in sand transforms roof pressure into lateral pressure; such barriers were not used elsewhere (see 
below). Robinson Deep mine (Caldecott and Powell). Current tailing m form of thick pulp was 
run by a small stream of w'ater containing KMn 04 through a tunnel and borehole to the stopes. 
Tunnel was 4.5 by 6 ft, 1 125 ft long, and ran from sand plant at 36.4% grade, intersecting the bore- 
hole 390 ft below surface: it had a vert grizzly across it. The borehole was 10 in diam at surface and 
7 in at 1 729 ft depth. The sand in borehole contained 28% water Underground handling was like 
that at the Simmer & Jack mine (Caldecott and Powell, A U Hughes). Sand was trammed from 
cyanide vats to a mixing box 10 by 5 by 4 ft, where water containing KMn {>4 was added The 
pulp (3 5 parts water to 1 part sand by wt) was pumped by a 4-in centrifugal jiunip through a 
6-in pipe, 9(X) ft to diaphragm cones erected on surface at the mouth of a 6-in borehole The under- 
flow of the cones, containing 30% moisture, was delivered to the borehole by launders with a 
grade. Two 8-ft cones, handling 200 tons per 10 hr, ehnunated much of the shine At bottom 
of the borehole a wooden launder, 9 by 7 in, sloping 15®, conducted the pulp to stopes, more water 
being added. In 1910, bulkheads at sides of stopes were of 3 by 9-in plank, supported by 8 by 8-in 
stulls; planks were perforated and covered with cocoa matting. Box-holes at bottom of stope were 
blocked by building a dry wall across them, through which a 6-in pipe projected into the stope. A 
wooden dram launder (Fig 661) ran from the pipe to a point 2 to 12 ft above top of sand, upper side 
of launder was covered with cocoa-matting filter frames. Later barriers had an a.sh-clinker filter 
bed (Fig 658). Cinderella Consol mine (R. E. Sawyer). Sand from edges of old dump was con- 
veyed to shaft by mechanical haulage and dumped into a vert wooden conduit, 12 by 11-in cros.s- 
sec. The conduit gave no trouble from wear or clogging when sand contained ]es.«i than 5 to 6% 
moisture; wetter sand collected on the sides and gradually choked it. The conduit, 3 9(X) ft long, 
discharged on a steeply inclined plate, from which a stream of water washed the «»and into a launder , 
thence, after mixing, it was delivered to the stopes by pipes or launders. Capacity of plant, IfK) 
tons pier shift. Filling actually reduced pumping, as sand sent down averaged 3% moisture, while 
that in atopea retained 10%. This system is stated to be cheapier than flushing from the surface, os 
the plant is small and pumping is reduced by sending down dry sand. Wixw’ vterhrano Deep 
MINE. 12 000 tons per month of current sand was sent underground, part down a borehole and part 
down a winze; practice was similar to that at Simmer & Jack Pilling entering mine contained 
28% moisture; pillars and hitherto inaccessible ore were mined under its protection 

Matahambre, Cuba. Data from D. D. Homer in 1938; see also Bib (237, 690) and 
Art 62. Convejdng mill tailing to stopes through rubber-lined steel pipe has bcjen 
successful since July, 1927; special advantages: (1) reduction in cost of placing fill to 
about 29f^ per ton, against 66ff for surface material (shale) previously used; (2) an increase 
of about 33% in rate of output from a given stoping area, due to more rapid filling. Total 
economy estimated at $1 per ton mined, at 1930 wages and normal 30 00() tons per month. 
Current mill tailing (quartzite and shale), or as much as needed, is do-slimod in 2 Dorr bowl 
classifiers, each set close to top of a raise connecting with underground; one, 7 by 29 ft 
with 21-ft bowl, is 200 ft higW than foot of mill and, supplying a few upper levels of 


“sand filling” of stopes in metal mines 10-425 

mine, is fed by a Wilfley pump; the other, 6 by 27 ft with 16-ft bowl, fed by gravity, 
supplies lower levels; either can treat whole flow of tailing. As received, tailings aver 
49% finer than 200-me8h; as discharged, sands are 49% coarser than 66-mesh and 97% 
coarser than 200-mesh; about half the mill tailings is thus available for filling, and supplies 
60% of all material required (remainder coming about equally from ore sorting and rock 
development). Such sand compresses 11.2% by vol at 1 630 lb per sq in, and 18.2% at 



3 060 lb; slime, unless removed, tends to filter out of slopes into drainage ditches and 
sumps. Classifier rakes discharge into a screen-covered hopper, where water is added, 
by a spray above and a 0.76-in hose below it, to make a pulp of about equal parts water 
and solids, by wt (sometimes 60% excess water). Outlet from hopper has a belled, bronie 
bushing, flanged to delivery pipe. When not in use, it is plugged to avoid trickling of dry 
sand into the piiw. 

Early experience proved that, in main lines, ordinary steel pipe lasted only about 2 
weeks; extra-heavy pipe, 3 weeks. All main lines were then installed with rubber-lined 
pipe, 3.6-ixi outside, 2,5-in diain inside of 0.25-in rubber wall. Pipe is in 12-ft lengths, 
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with 7.5-in, 4-hole flanges; rubber is flared outward over face of flange to diam of 4.76 in, 
forming a gasket permitting some angular deflection at joints and preventing access of 
sand behind the rubber. After passing 600 000 tons of sand in 7 years, no piece of straight 
pipe has had to be replaced because of wear; corrosion and some wear at curves have 
required replacements. Branches are at angles of 16° and 30°, also flanged, and always 
placed where flow is not retarded by a curve. Pipe is bent cold, to match an iron rod bent 
to desired curvature underground. Pipe is protected against acid water by painting and, 
in very wet places, by an inverted trough of light boards. Ordinary 2-in pipe is stiU used 
in less active branch lines, and at entrances to stopes from levels above. Special fill raises 
are no longer required; manways and ventilating raises, as much as 300 ft apart, serve for 
the filling lines. Whole installation is calculated on basis that 100 ft vert head will propel 
the 1 ; 1 pulp 300 ft through horiz pipes. Rubber-lined pipe has conveyed as much as 
36 tons of sand per hr; in one case, a vert head of 290 ft discharged 12-16 tons per hr 
through 940 ft of horiz pipe with several curves; in another, a 939-ft head discharged 
26 tons per hr through 1 800 ft of horiz pipe with 1 bend of over 90° and one over 45°. 
In 1938, filling was in progress on 21st level, 1 790 ft (vert) below foot of mill, and 22d 
level was under development. Main system of rubber-lined pipe for supplying lower 
levels included about 3 700 ft of horiz and 3 200 ft of vert or steeply inclined lines 
(Fig 662). 

On completing an overhand horiz slice to height of 12 ft above fill, cribbed chute or 
manway is raised 6 ft and wrapped outside with 10-oz burlap, upper jackets overlapping 
lower; bottom edge of lowest jacket is anchored with rocks and sand. Burlap may 
also be laid over old fill, especially at places where channeling is suspected. Sand is 
directed first to ends of stope, through 40 ft of 2-in, 4-ply rubber hose. A shallow sump is 
dug near the chute, whence excess water is siphoned down the chute through 1.5-in. 4-ply 
ordinary hose in 25-ft lengths. Eventually, the whole stope is filled nearly level with top 
of cribbing. Sumps for mine pumps are of extra large volume to permit thorough settle- 
ment of slime in returning fill water. 

Labor per shift for sand filling includes: 1 boss, 3 men in stope, 2 pipe men on main and 
branch lines, 1 man at classifier. Flow is diverted from Feci ion to section of mine by dis- 
connecting and re-connecting pipe lines; no valves are permissible. Before starting to 
discharge sand from classifier, the pipe line is flushed with water (50 gal per mm) ; amount 
is gradually reduced to 1 . 1 ratio when classifier begins to discharge sand. At ending 
of fill, procedure is: stop flow of tailing to classifier (diverting to tailing pond); increase* 
wash water to 50 gal per mm; stop clavssificr after it has emptied itself; continue waj*h 
water for 16 min. Cost of placing 25 687 tons of sand during 6 mo of 1934 was 29<f per 
ton, including: labor, 14.10^; burlap, 2.98jf; pipe, 1.74ff; misc, l.Slff; pump parts, 1.48ff; 
jiower, 0.89ff; pumping fill water fiom mine, 6(f. 

Homestake mine. Data from A. J. M. Ross (331) in 1939. For ore occurrence and 
mining methods, see Art 68. Cyanide-plant sand tailings, available at rate of 2 100 tons 
per day, were used first to augment and con.^olidate coarse filling, more recently, as sole 
material for delayed filling of both shrinkage and square-set .stopes. Sand, averaging 50% 
finer than 200-me8h, is sluiced from cyanide vats to a Dorr dewaterer 12 ft diam by 6 ft 
deep, and discharged at about 60% solids to a header leading undei ground. There are 2 
such installations, serving different parts of the mine. At plant No 1, the pulp first 
descends vert 756 ft, then neaily horiz 2 560 ft on the 1 100-ft level, thence vert to the 
2 600-ft level. At plant No 3, entrance is by 4.')° incline 306 ft long, then 1 334 ft on —2% 
grade on 5(X)-ft level, thence vert down the Ellison Fhaft to the 2 ir;0-ft level (as of 1939). 
Laterals extend from the shafts on each level, l(K)-ft head propels 300 ft laterally. Main 
headers are of 6-in pipe, with ^/jg-in mbber lining, giving 5 ^/s-in inside diam. Ends of 
pipe sections, and the mbber lining, are flared 1.5 in outward at 90°; adjoining .sections are 
brought together by 12-hole, loose flanges, P'ig 662a, curvo<l sections are bent to lO-ft 
radius. Lateral distribution is through unlined, 4-in steel pii>e (commonly, discarded 
comp- air pipe). Connection between vert header and lateral pipe is tlirough mblier-lined 
T and bell reducer, similarly connected by loose flanges. Sand is diverted into a lateral 
pipe by inserting a mbber-covered blind disk, I /2 in thick, with lK>lt holes bored to corre- 
spond with flanges, between lower leg of T and the next lower section of header. Laterals 
above the one momentanly in use are similarly closed by blind disks on the side leg.s of the 
Ts. Since both the T and bell reducer on the 4-in pipe are fixed, a “dummy” disk, of 
same thickness, but having a 5.5-in central hole, is also insertetl at all T-joint.s through 
which flow is to be maintained. Reversing the disks at a T requires about 40 min. 
Standard valves, at first used, proved too expensive to maintain. 

Preparatory to filling an emptied shrinkage stope, some of which are more than 150 ft 
high, all drifts or crosscuts, leading to drawholes, except one, and any other openings from 
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inside with 12-oz burlap, Fig 662a. Ends of all 
walls, floor, and roof of the drawhole drift. 
Just inside the one unclosed drawhole, a square- 
set raise, lagged and burlaped on 3 sides, is 
started close to the stope wall, and continued 
upward a little in advance of the rising level of 
sand (compare Matahambre, above) ; this raise 
later serves as air and manway, when the pillar 
is to bo mined. Wherever possible, sand is de- 
livered into the stope through an opening from 
level above; occasionally by a riser from the 
stope level. Filling a sqt are-set stope, which 
is usually 7 sets long by 3 sets wide (the 6 by 
6-ft sets having 9-ft posts on sill floor, 8-ft posts 
elsewhere), involv’es close lagging on all sides with 
3-in plank, burlaped on inside; floor boards are 
then removed. A manway (middle set on one 
side of stope) is similarly lagged, except that 
each piece of lagging, 8 -12 in wide, on the side 
facing the middle of the stope, has a 2 by 12-m 
slot, which, as sand builds up, are successively 
closed by wedges, surplus water overflowing 
through the next higher slot Sand is delivered 
through a riser in the man\\ay, terminating at 
top in a hori/. pipe discharging as far as possible 
from the manway. This method has worked 
successfully with I 400 ft of pipe m the diift 
and a 75-ft user. An aver 8(iuare-set stope can 
1 k» filled m 8 hr on each of 3 succe.^sive days, 
which allows time for each run, of al>out 700 
tons, to dram and settle bofoie the next addition 
of sand. A sill-floor set takes about I.*) tons; 
other sets, 12 bins each. It foi meily took inoie than 
2 weeks to fill su(*h a stope with coarse waste. 


timbers are cemented into hitches in 




Bulkhead at Bottom of Shrinkage Stope 


Fig 662a. Details of Sand Filling, Home- 
stake Mine 


Hodbarrow mine, KiiRhind, applied sand filling to recover 1 000 000 tons of hematite in 2 widely 
fsepar.iled rerniiauta of u tluok, almoat hone bed, of which about 90Vo had been removed by top- 
slicing (591) One area was covered with glacial clay and gravel; other had limestone roof, and lay 
under surface reclaimed from ocean .Xt both places, dune sand in a bed 16 ft deep w as available close 
by In the first area, fill was flushed down an 8-in steel pipe in a 240-ft shaft; at other, down 2 bore- 
hole« (a third in reserve) 3.50 ft deep, cased with 7 5 and 0-in pipe At each hole, about 17 100 cu yd 
of sand (enough to replace ,57 700 tons of ore) was obtained within a radius of 170 ft by flushing 
through a launder on 5° slope, top of casing pipe was cut off in successive segments until 1 ft below 
top of clay underlying the .sand, and covered by plate with 0.75-in holes Subsequently here, and 
from start at sluift location, .sand was delivered by loco with 7-cu >d, side-dump cars loaded by 
3-ton crane Three men deli\ ertnl 2.50 cu yd in 8 hr, replacing 850 tons of ore. Each borehole required 
100 gnl water per min, at ^huft, sand w as dumped into a brick-w ailed pit, from which it was flushed to 
column pipe with 2 water jets from 3-in pipe; pulp averaged about 1 : 1 ratio, by vol. Distribution 
at bottom was through 4-in iron pq>c At hr^Jt, pipe lines were laid to gr.ade of — 1® or more, later, 
use of air-jPtN, through a Vs-ui orihcc bored on center line of 90® elbow with 14-m radius, greatly 
accelerated flow and f>ornulted parts of a line to be laid on an up-grade. Longest line (to May, 1930) 
was 9(M) ft, including many bendn and 300 ft of -f 1 'll grade, it hud 3 mr jets about ev only spaced and 
supplied at 60-70 lb press. 

Usual slices in the mine were .50 ft long, 10 ft high, 10 ft wide, bottom and one .side were prcM- 
ously placed sand, top, end, and other .side were ore Hefore Idling, nil ore expased on wall was 
curtained with brattice cloth hung loosely on a row of stulls. entrance to slice was dammed wnth 
plank only 2 or 3 high at start, and c\erv pos.siblc leak was stuffed with hay Filling was then run 
in at rate of 112 cu ft (6 tons) of sand, per hr .Mlowing for delays, a slice could be fdled about 25 
timtia faster than it ctmld be mined bv hand, or 11 times faster than when machine-mined By care- 
ful blasting, adjoining ore in next .slice could be removed without scrums inflow of sand from the 
filltMl slice, when draiiuxi, the Idl was very firm; surface subsidence over filled area was estimated 
at not over Ci'l height of <»rc removed C’osts for filling only, per ton (8 cu ft) of ore removed 
(nun wages, Apl, 19.12, t\s fxl per shift) were estimated (at Id •» 2^); Wages, surface and under- 
ground, 12^, fuel and lubiicants, brattice cloth, 3 5<; overhead, 4 1‘, total, 27 5^. Timber con- 
BUinption WPS reduced about 30' I below that required by former top-slicing 


Australia. For uhc of sand tailings as contemporaneous Ailing for stopos at Kalgoorlie, 
W Australia, see Art 65. 

Extinguishing fires. Sand purposely containing a large proportion of slime has 
successfully controlled and extinguished mine Ares; notably at Butte, Mont (543) and 
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Jerome, Ari* (544). At Butte, thickened mill tailings, 60% finer than 200-mesh, in pulp 
containing 18-30% solids, was dropped through 8-in c-i pipe and distributed laterally in 
4-in pipe; a head of 100 ft propelled pulp 800 ft horiz. Launders required 2% grade. At 
Jerome, surface rock was crushed 35% finer than lOO-mesh and dropped through bore- 
holes, at 65 tons per shift, in 1 : 1 pulp. 

93. CHOICE OF UNDERGROUND METAL-MINING METHOD 

General. The selection of a method of mining for a given orebody is aided by making 
an inverted statement of the limitations and applications of the methods already described, 
but no concise statement can be framed to cover all the variations that occur in nature. 
Usually several methods are more or less adapted to the grade, size, shape, and attitude of 
the orebody, and the strength of its ore and wall rocks; from these a choice may be made 
or a method evolved which will best suit the geological, economic, and local conditions 
(Art 25). Table 64 groups the mining methods for this purpose; it is intended merely to 
suggest methods available under ordinary conditions, each of which may be studied in 
connection with peculiarities of the orebody in question. The ideal method provides safe 
and humane working conditions and yields the greatest ultimate profit, but a mining 
method is generally a compromise between conflicting factors. 

Under some conditions, a low-cost method yielding a low extraction may give greater 
total profit than a method which recovers a larger proportion of orebody; under other 
conditions, the reverse may be true. Following equations (H. L. Smyth) show relations 
between factors involved: Let Q ** total tons of ore recoverable by the method yielding 
highest extraction; X *= tons abandoned by another method; p = profit per ton by 
zfif^od Q; » profit per ton by the other method; p' — p = saving per ton effected by 
thfi^ther method. When p'(Q — AT) — Qp, the 2 methods are equally desirable and, in 

V ^ p 

such case, — = — . The proportion of the deposit which may properly be sacrificed 

Q P 

therefore depends on ratio of saving to the profit per ton by the other method. This ratio 
increases as the profit diminishes, hence, for a given saving, more ore of low than of high 
value may be sacrificed (172). Calculations like the above may be elaborated by varjung 
the milling, freight, and smelter charges on ores of different values; in such cases, the 
effect of the variables and the point of max profit may be determined graphically (Fig 99 
and Bib 330). 


Table 64. Application of Underground Metal-mining Methods 


Type of 
Orebody 

Dip 

Strength 
of ore 

Strength 
of walls 

Possible methods of mining 

Tor details 
See Art No 

Thin beds 

Fit 

Stg 

Stg 

Breast sloping . 

Systematic room and pillar 

Open overhand slopes .... 

Coal mining methods , . . 

30-33 

34 

39-41, 91 
102-11 1 

Wk or Stg 

Wk 

Top-slicing 

70-72 

Thick beds 

Fit 

Stg 

stg 

1 

Breast and bench ... 

Systematic room and pillar . . . 

30-32 

34 

Wk or Stg 

Wk 

Top-slicing 

Sub-level caving 1 

70-72 

75-77 

Wk or Stg 

Stg 

Underhand glory-holing 

Mitchell slicing system 

37 

55 

Very thick beds 




Same os for masses . 


Very narrow 
veins 

Stp 

Stg or Wk 

Stg or Wk 

Resuing 

61 

Narrow veins 
(Widths up to 
economic 
length of BtuU, 
Art 38) 

Fit 



Same as for thin beds 


Stp 

Stg 

Stg 

Open underhand slopes 

Open overhand stopes 

Shrinkage slopes 

Filled flat-back stopes 

Filled rill stopes 

35 

38-41,91 

67-69 

60 

65 
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Table 64. Application of Underground Metal-mining Methods {Contintied) 


Type of 
Orebody 

Dip 

Strength 
of ore 

Strength 
of walls 

Possible methods of mining 

For details 
See Art No 

Narrow veins — 
Conttnued 

Stp 

Stg 

Wk 

Filled flat-back stopes 

Filled nil stopes 

Square-set stopes 

60 

65 

45-54 

Stp 

Wk 

Stg 

Open underhand stopes 

Square-set stopes 

35 

45-54 

Stp 

Wk 

Wk 

Square-set stopes 

Top-slicing 

Crosscut method 

45-54 

70-74 

64 


Fit 



Same as for thick beds or masses . 


Stp 

Stg 

Stg 

Open underhand stopes 

Underground glory-hole 

Shrinkage stopes 

Sub-level sloping 

Filled flat-back stopes 

Filled nil stopes 

Square-set stopes . 

Combined methods 

36 

37 

67-69 

43 

62 

65 

45-54 

83-87 

\\ id(‘ \ 

.^tp 

Stg 

Wk 

Filled flat-bark stopes 

Filled nil stopes 

S(iuare-8et slopes 

Top-slicing . 

Sub-level caving 

Combined methods 

62. 63. 67 
65. 66 
45-54 
70-74 
75-78 
83-87 

s.’p 

Wk 

Stg 

Open underhand stopes 

Square-set stopes 

Top-slicing 

Sub-level caving 

Mitchell slicing system 

Block-caving 

Combined methods 

36 

45-54 

70-74 

75-78 

55 

79-81 

83-88 


I 

! 

1 

Wk 

Wk 

Square-set stoiies 

Crosscut method 

Top-slicing 

Sub-level caving . . . . 

Combined methods 

45-54 

64 

70-74, 82 
75-78, 82 
83-88 

Massed 


Stg 

stg 

lUiderhand glory-hole 

Shrinkage slopes. . . 

Pillar and chamber workings . . 

Sub-level sloping 

Fillwi flat-back stopes 

Filled nil stopes 

Combined methods . , 

37 

67-69 

42 

43 

62. 63, 67 
65 

83-87 


Wk 

Wk or Stg 

Square-set stopes 

Crosscut method 

Top-shoing 

Sub-level caving 

Block-caMng 

C'ombint*d metluxls . . . 

45-54 

64 

70-74, 82 
75-78, 82 
79-81 
83-88 


Wk « Weak - t>trong Fit - Flat Stp - Steep 


Safety. Tablo 65 gives averages for 7 years 1931-1937, from data on metal-mine 
accidents published by Bur of Mines; no more recent data were at hand at end of 1940. 
Choice of method should be based on assumption that no method need be unduly haa- 
ardous if properly applied. For more detailed analysis of accidents during 1930-1931 
and 1935-1 937, by causes as well as by mining methods, see Bur Mines Bull 362, 422, 428. 
See Sec 23 for other data. 
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Table 65. Accident and Fatality Rates in U S Metal Mines 

Aver for Years 1931-1937, incl (658) 


Mining method 

Aver 

No of 

Aver 
man-hr 
worked 
per year, 
all mines 

Rate per 1 000 000 
man-hr 

mines 

considered 

(a) 

Fatahties 

Injuries 

Kb) 

Open-stope (incl room and 
pillar, and sub-level) . . 

112 

21 654 513 

1 31 

79 34 

Shrinkage 

24 

3 654 363 

2 15 

133 42 

Cut-and-fill 

19 

6 564 339 

1 96 

91 38 

Square-set 

35 

12 345 777 

1 68 

127 44 

Block-caving i 

7 

2 903 065 i 

2 02 

138. 18 

Sub-level caving. . . . ' 

16 

3 190 170 

1 03 

29 06 

Top-slicing 

22 

5 120 783 

0 78 

22 21 

Open-cut (power-loading) 

49 

10 551 978 

0 37 

17 83 

Open-cut (hand-loading). 

5 

358 950 

1 19 

52 92 

Average 


66 343 938 

1 31 

78 28 


fa) Incl no mine employing fewer than 25 men. 
Entailing loss of 1 day’s work, or more. 


OPEN-CUT MINING 

94. GENERAL 

Open cuts (“Open workings,” “Open pits,” “Open oasts”) are surface excavations; 
in connection with coal mining they are called strippings. (For quaines, sec Sec 5.) 

Field of use is in mining deposits that outcrop or lie under shallow cover. The upi>er 
parts of nariow, rich veins may l)e thus mined, with small equipment and no expense for 
development; this is a favorite “poor man’s” mode of obtaining capital for subseciuent 
work, regardless of ultimate economy. Large open cuts, involving extensive development 
and equipment, are often hiade on outcrops of wide, veinliko oiebodies, liecau&e they i»jo- 
duce ore cheaper than is possible with undei ground methods. Veins can l>e worked by 
open cuts only to a limited depth, chiefly because of danger of falls of wall rock; weak 
walls and flat dips decrease possible working depth. Open cutting is the only piofitable 
method of mining thin, flat beds, with shallow cover (Ait 90, 97, 98). Laige lied-hko 
masses, covered by rock or alluvium, may often be mined cheaper by open cuts than by 
underground methods (see Mesabi, Ajo, Nevada Cori.sol, Art 90). Lai go oiebodies that 
can be excavated in a series of hillside benches are well adapted to open cutting (Art 95). 
An orebody can seldom be entiiely mined by open cut; undei ground work is usually 
required in depth, and in some cases to mine the oie aiound edges of deposit. 

General plan. Open-cut methods aic combinations of loosening, loading, and trans- 
porting earth and rock in surface excavations (Sec 3, 5). 

The combination selected depends on shape, size, and depth of pit, local topography, 
and output required. Output and method should be adjuhted to size of deposit, to secure 
minimum cost of production, including interest and amortization on capital for equipment 
and removal (“stripping”) of waste overburden. Stripping may bo completed before 
beginning mining, or mining and stripping may proceed simultaneously, after a sufficient 
area has been uncovered to avoid interference between the two operations; the lattiT jilan 
is best, as it reduces the initial investment required before production begins. Stripping 
may be done in one or more slices, depending on the depth; stripped material must be 
disposable within a reasonable distance, and at points where dumps will not embarrass 
subsequent mining. Breaking ground. Open-cut faces are usually worked in Ix'nchea 
(for details, see Art 95-101). Hydraulicking (Art 98 and Sec 3) may be used for breaking 
down unconsolidated material. In general, ground is broken cheaper in open cuts than in 
stopes, because of the large faces and use of heavy blasts. Loading is by hand or mechan- 
ical excavators, depending on the scale of operations; where glory-holes (Art 99) are 
feasible, chute-gates are used. Transport (see Sec 3, 5). An underground haulage sys- 
tem may aid in handling output from an open-pit, material being dropped through chute 
raises in bottom of open workings. 

Classification. An arbitrary grouping of open-cut methods, based on modes of loading, 
is used in Art 95-99 for presenting details. For small-scale work, with pick and shovel or 
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plow and scraper, see Sec 3. See also under placers, Art 117 et aeq. For elaborate sug- 
gested classification of surface-mining methods, see Bib (181). 


96. OPEN-CUT WORK WITH HAND LOADING OF ORE 

Field of use; (a) in small pits, where total tonnage does not warrant the first cost 
nor peimit efficient use of mechanical excavators (Art 90, 97); (5) in large pits, the shape, 
location, or other features of which (such as erratic mineralization and need for selective 
mining and sorting) make mechanical loading or glory-hole methods (Art 99) inadvisable; 
(c) m large-scale work, where labor is cheap. 

Plans of work. Faces are generally earned in benches (Fig 663, 664), the height of 
which fleponds on factors outlined in Sec 5. With several benches, the width of each should 
be sufficient to provide room for road or tracks, and to 
catch loose rocks falling from above. Some foreign laws 
specify minimum width of 10 ft for safety; this is usually 
exceeded. (See Bib 470.) 

Ground is broken as in broken-stone quarries (Sec 5), 
or in large underhand stopes (Art 27, 28). Holes are 
usually drilled b 3 ’’ hand or by machine drills, since deep 
churndiill holes and gopher or tunnel blasts (Sec 5) are 
apt to break large masses, requiring excessive blockholing 
for hand loading. Ore is shoveled, forked or lifted into 
cars, trucks, buckets, or stone-skips at the foot of the 
lienches. Transport methods from pit to surface vary with 
the shape, si7/e, and depth of pit, and topography. Typical 
practice follows. 

Narrow veins. The outcrops are often mined under- 
hand (Art 35). Ore may be hoisted in buckets on skids 
on the footwall, or dropped through a winze to a haulage 
drift (Fig 206). At Cobalt (Art 68) many veins were thus 
worked to depths of 50 to 100 ft. Stulls support loose 
slabs of wall rock, as in open stopes (Art 38). 

Large orebodies outcropping on hillsides are easily 
worked by open cuts. Fig 603 shows one method. A 
long face is a<lvanced as a single liench, ore being shoveled 
into small cars. The track layout facilitates hand-tram- 
ming or horse-haulage of loaded and empty cars, without 
delays or interference. Track C may lead to mill or ship- 
ping bins, to loading bins of an aerial tramway, or to a 
giavity plane for delivering to bins below. Hillside to- 
pography usually furnishes nearby locations for waste 
dumps, as at D The height of face, as in Fig 063, soon 
exceeds the economic max for breaking ground; chances of injury to workmen from falls 
of rock also incieaso rapidly with height of face. Hence the face may be divided into 
bt'nches, with tracks on each for transport; this involves the problem of collecting the 
ore from successive benches; inclined wooden chute is a simple means for doing this. 
Automotive trucks arc being used in increasing numliers (with both hand and machine 
loading); compared with track systems, they have advantage of allowing steep grades and 
sharp turns, while avoiding cost of laying and shifting tiack. 

Examples. Puehtocitos, Cananea, Mex. In 1910 there were 3 benches, each 80 to 100 ft high. 
Ore was loaded into 0.5-ton cars, the track layout w'aa like that in Fig 663, but with a single fringe- 
track connecting the loading tracks. Ore from the low'est bench was dumped dow'ii a raise to an adit 
leading to bins at the R R. Ore from the highest bench was dumped down a raise from a tunnel 
driven into the face at the 2nd bench, which was connected with the R R bins by aerial tramway 
(282). Arizona roccER Co ( \rt 62) mined oxidised ores in open cuts. Benches were up to 30 ft 
high, the faces were kept at max length, to afford numerous points of attack and a steady output. 
Ore from all benches was dumped through raises to a haulage tunnel driven m connection with under- 
ground operations If ore could not be shoveled direct to raises, it was trammed in 25-cu ft cars. 
An aver man in 9 hr loaded about 13 cn yd and trammed it 50 ft (178) At Ei.sbnerz, and Erzbxro, 
Styria (.333, 659), a conical mountain of limestone partly replaced by siderite and ankerite is attacked 
on 60 benclies to a height of 2 326 ft (Fig 664); total length of benches, 16.75 miles in 1936; width, 
3.3-30 5 ft, aver height, 39 ft; 18 benches are combined in pairs for part of their length, for more 
economical operation of power shovels which are used mainly for moving waste on lower benches. 
Max annual tonnage (1929) was 5 500 (K)0 tons, of which about 2/3 was waste; approx same ratio 
since maintained; min shipping grade of 30% Fe requiies some hand sorting on belts after crushing 



Fig 663 Open-cut on Hill- 
side, Hand-loading 
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and screening. Erratic mineralisation and need for close sorting on benches favor hand loading; 
in 1929, about half of all material was thus loaded. Group of 4-6 men works 130 ft of face, drilling 
with jackhammers; explosive (ammonite and dynamite), 0.068-0.082 lb per short ton; holes fired 
singly, with fuse, 5 times a day. Hand-loaded cars are hauled outside by steam locos, or by elec 
locos through inside connections (one for each bench) to vert raises delivering ore to 3 main haulage 
levels at different elevations. Underground haulage system (also serving some underground min- 



ing) has 46.6 miles of narrow-gage track. Inclined planes, both inside and out, rack roads for 
-elec locos, and underground belt conveyers, ail assist in movement of ore. Frksnillo mine, 
Zacatecas, Mex. Data from D. B. McAllister in 1921 and T. C. Baker in 1923 (640). Orebody is 
a stockwork in graywacke; area 1 200 by 400 ft, estimated content, 5-6 imllion tons, assaying 5.25 
os Ag and 20ji in Au. Surface quarrying by hand work was carried on intermittently from 1910 
to 1920. Benches, 20 ft high; holes, 20 ft deep, 6-10 ft apart and 6-10 ft from face of bench; first 
5 ft of a hole were drilled double-hand, the r^t with jumpers. Holes were sprung, then loaded 
with split charges of 40% dynamite. Ore was blockholed or sledged to 8-iii size on quarry fioor, 
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loaded into 26-cu ft oars, each trammed by 2 men to mill bins. Monthly tonnage, 15 800; tons 
per man-shift breaking, 5.5; tons per man-shift for all operations, 2.39. Explosives per ton: 0.122 
lb; 0.091 cap; 0.333 ft fuse. Orebody was later mined by a glory-hole method (Art 99). Blub 
Diamond gypsum deposit, Arden Nev. Data from W. G. Bradley (193) in 1932. The outcrop 
of a horiz bed of gypsum 16 ft thick is quarried on hillside until overburden (removed by gasolene 
shovel and scraper) reaches same depth; deeper parts are mined with rooms and pillars (Art 34). 
Space 20 ft wide by 100 ft long (to yield about 2 300 tons) having been cleaned, vert holes 15-16 ft 
deep are drilled by jackhammer at rate of 10 holes per 8 hr. Spacing of holes is half the depth of 
face. Holes are sprung first with 6 8-in sticks of 30% gelatin dynamite, again with 8 or 9 sticks; 
after cooling for 24 hr, holes are loaded with 25-30 lb of black powder in the chambers and 10-20 
sticks of Hercomite No 6 above; chamber is primed with 1 stick of 30% gelatin dynamite. Up to 
26 holes are fired at a time by elec. This method entails considerable blockholing of lumps over 
3 ft diam. Explosives per ton, 0.25 lb for primary and 0.13 lb for secondary blasting. Tons 
broken per ft of hole, 3.68. Track is parallel with and 10-16 ft from working face, with sidings 
for 10 cars, of 2.5-ton capao; all haulage by 4-ton Plymouth gasolene loco, pulling 7 oars 1 000 ft 
to crusher Duty of labor in hand loading, 20 tons per man-shift. 

Deep pits of small area require hoisting apparatus. Engine planes (Sec 11) may be 
built on one wall of the pit. Cars serve for dips less than 30° ; above that, skips are better. 
Shafts may be sunk near the pit and 
connected with it by crosscuts. Fig 
665 shows early work of this kind at 
Creighton mine, Sudbury, Ontario. 

The shaft dipped 60° and had 2 skip- 
ways. Double-track crosscuts were 
run to the orebody at the 60- and 
160-ft levels, with raises between 
levels and to the surface. The pit was 
started as a glory-hole (Art 99); on 
reaching a level, the pit bottom was 
kept fiat, and radiating tracks were 
laid from the crosscut tracks. Blasted 
ore fell to the pit floor, where it was 
loaded into 1.5-ton cars. In 1908, 
this pit was about 350 ft diam by 160 
ft deep (354) . Cableways and der- 


PUN 


Fig 665. Open-cut, Creighton Mine, Ont Fig 666. Open Pit, Tilly Foster Iron Mine, N Y 

RICKS allow extraction of ore from deep pits without preliminary underground development. 
Fig 666 shows their application in an open cut 450 ft long, 300 ft wide and over 200 ft 
deep (Art 42). Ore or waste was loaded by hand on the pit floor into 1.1-cu yd stone- 
skips, which were picked up by cableways or long-boom derricks and placed on trucks 
on surface tracks near rim of pit (353). 

Large-scale work, cheap labor. Premier diamond mine, Transvaal, So Africa (332). 
A kimberlite “pipe” (Art 88), about 0.5 mile long by 0.33 mile wide, was mined in 60-ft 
benches. The faces were kept steep, and were broken in steps by vert holes drilled with 






10-434 


OPEN-CUT MINING 


jumper drills. The material was shoveled into 20-cu ft cars at the foot of the benches. 
Tracks were in loops 200 to 300 ft long, paralleling the faces and connecting with main 
haulage tracks. The layout in Fig 663 was impracticable, because of enormous tonnage 
and length of benches necessary to produce it. Endless-rope haulage (Sec 11) was used 
on main tracks, and on inclines to surface. In 1912, 11 000 natives were employed in 
the pit, in 2 11.5-hr shifts; 2 100 per shift were drilling on the main benches, 700 in devel- 
opment cuts for opening lower benches, 600 blockholing and spalling, and over 1 300 on 
tramming. Monthly output, 1 000 000 16-cu ft loads of “blue ground” and 87 000 loads 
of waste. Aver cost of mining and haulage was slightly less than 30^ per load, including 
waste. The pit in 1912 was 200 ft deep. Underground methods (Art 88) are now used. 


96. OPEN-CUT MINING WITH POWER SHOVELS 

Field of use: (a) removing shallow overburden from coal, iron ore, phosphates, etc, 
which are then mined by other open-cut methods; (6) stripping and mining deposits 
of large area and tonnage, which are fairly uniform in character and lie near the surface, 
and may or may not be covered by overburden. 

General. Power-shovel methods involve large capital outlay, for equipment and 
preliminary stripping; hence they are limited to work in deposits large enough to return 
this outlay plus interest during life of mine; properly applied, they yield enormous outputs 
at low unit costs. 

The general features of power-shovel mining appear simple; but good management, 
close attention to details and systematic work are essential. Shape and position of ore- 
body must be predetermined, to allow intelligent planning of approaches and track lay- 
outs, for minimizing delays and handling max amount of material by the shovels; main- 
tenance and repair of track, cars and shovels are important. As the unit cost with a given 
equipment varies inversely with output, there should be no preventable delays. For 
details of shovels, see Sec 3. See following examides; also Art 101 and Bib (631). 

Practice on Lake Superior Iron Ranges. Data from C. E. van Barneveld, 1912 (35), 
L. D. Davenport, 1918 (632), E. E. Hunner, 1930 (660), A. H. Hubbell, 1931 (661), M. H. 
Barber, 1932 (662), W. R. Meyers, 1932 (663), and L. C. Moore, 1938 (664).) See Art 10-b 
for ore occurrence. 

Plan of work. Orebodies are thoroughly explored by boring; surface and ore contours 
are platted on maps, on which complete plans for stripping and mining aie laid out before 
excavation begins (Art 11). Overburden is stripped by power shovels or draglines, and 
dragged or hauled to waste dumps; hydraulic stripping was feasiVile at Tilden mine, 
Marquette Range. Ore is excavated by power shovels; at some of the largest mines, with 
suitable approaches, it is loaded directly into R R cars for shipment to Lake Superior 
ports; at others, and always if crushing or washing is necessary, it is loaded into pit cars 
of 4-30 cu yd for delivery to plant or R R. Small pits are usually stripped completely 
before mining begins; in large pits, stripping and mining may proceed simultaneously; 
some companies strip only in winter, using all equipment and crew for mining ore during 
shipping season, Mesabi open pits vary in area from 20 acres up; the Mahoning-Hull- 
Rust orebody is a mile wide and 3 miles long, the pit, in 1939, covered nearly 2 s<i miles, 
and, from beginning in 1895, had delivered 487 1(X) 000 tons of ore and waste. I>ngi- 
neering problems involved in opening and operating these mines are largely those of 
equipment, and arrangement of tracks and approaches; track layouts are often compli- 
cated by presence of layers of paint rock, etc, and necessity for grading the oie as it is 
loaded. Approaches. As the topography is faiily flat, approaches are excavated as 
through cuts on descending grades; for loco haulage, a 2% compensated grade is the max 
desirable; some 3% grades are required and 4% is possible, though not effic. At Vol- 
unteer mine (Marquette Range), a 6-7% grade is negotiated by Woodford remote- 
controlled elec cars (661, Dec 14, 1931). In some pits 300-400 ft deep, steep approaches 
are avoided by sinking hoisting shaft in wall rock, connecting with pit bottom by cross- 
cuts, which may also serve for drainage. Belt conveyers in inclined shafts serve similar 
purpose at some deep open-pits. Motor trucks (Sec 27) can climb 10% grades with 20-ton 
loads. Sometimes separate approaches are cut for stripping and mining; for stripping, 
they are located to minimize the haul to waste dumps; for mining, there must be a track 
or road system which will reach the max amount of ore without unduly steep grades. 

Stripping faces usually have a 1 : 1 slope (Art 113) with a 20-ft berm at bottom of 
bank. In deep overburden, the banks are broken at least every 75 ft vertically with a 
25-30 ft berm. Stripping is so arranged that shovels work against , a 25-36-ft bank. 
Stripping is done with side cuts just as wide areas are graded in R R work. Regular 
stripping stops 6-8 ft above the orebody; remaining cover is removed by a smaller 
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“clean-up” shovel, with a crew of 6~8 laborers. As the top surface of orebodies is uneven, 
final cleaning is done by scrapers; small revolving shovels have also proved useful. Over- 
burden is mostly glacial drift, containing boulders 2-12 ft diam; large boulders are 
“chained out” when uncovered, and blockholed. Overburden is often loosened ahead of 
the shovel by blasting. Stripping equipment varies widely; much stripping is done by 
contractors who furnish plant. Common equipment includes a revolving, caterpillar 
power shovel, with 8-10-cu yd dipper; reach, to 95 ft; lift, to 56 ft. Such a shovel often 
has interchangeable dragline boom 100-150 ft long, using 4-6-cu yd scraper (Sec 27). 
R R type of shovel is nearly obsolete, and steam is rapidly giving way to elec power, both 
for shovels and haulage. Small shovels, 1.5-3 cu yd, for cleaning and other shallow work, 
are sometimes driven by gasolene or gas-elec power. Chief advantage of long-reach 
shovel for stripping is that it can make a through cut in one operation, loading cars on the 
surface, which would require several successive cuts with accompanying track work, if 
dug with smaller shovels. Stripping dumps are located on barren ground, or where open 
cuts are impossible. A low area, sloping away from initial dumping point and offering 
a downhill haul, is ideal. Dumps are started by dumping alternate cars on opposite sides 
of the track, and gradually jacking up the track until the dump reaches required height. 
After this, the dump is “fanned out” by moving the tiack sidewise. Usually, dumps are 
started from trestles, 20-25 ft high and strong enough for the empty, but not the loaded, 
tram. Desirable lengths of dumps are 1 200-1 400 ft; heights, 20-40 ft, preferably the 
latter; 60-ft dumps are excessive, as the tracks settle badly. Straight dumps are best; 
curved tracks are hard to shift. The muskeg swamps of Mesabi Range are unsatisfactory 
locations for dumps, dumps settle, and the muskeg bulges on each side; but swamps may 
be employed with advantage in winter. 

Mining ore. Amount of loosening required varies widely with compactness of ore. 
Former practice of chambering small holes, drilled by wagon-mounted drifters and finished 
at 1-in diam at about 26-ft depth, entailed excessive blockholing besides so loosening 
adjoining ore that subsequent blasts lost some effectiveness. Present practice on Mesabi 
adopts 6-in holes, churn-drilled to alxiut 40 ft, or 5 or 6 ft below bottom of bench, loaded 
to half-depth with 60 and 80% Gelamite, and fired (as many as 100 at a time) with Cor- 
deau; smaller blasts may be fired electrically. In harder ores of Marquette Range, 6-in 
holes are churn-drilled to depths up to 110 ft (aver 45 ft at Volunteer and 68 ft at Tilden 
mine), spaced about 15 ft in a row 13-20 ft back of face Usual explosive is 40, 60, or 80% 
gelatin or Gelamite, column loaded. Volunteer mine fired 535 holes in 1 blast, breaking 
630 000 tons; Tilden mine, with 2 blasts in 19.30, broke 450 000 tons with 129 550 lb of 
60% and 80% explosive in 225 holes, 24.3 tons per ft of hole, or 3.48 tons per lb of explo- 
sive. Faces of benches in ore are sloped 0 5 : 1 on the Mesabi, or down to 1 : 1 on the 
Gogebic and Cuyuna Ranges (Ait 113). A 1 : 1 slope is allowed on faces carrying a senes 
of tracks and switchbacks. Ore is mined in side cuts; benches, 25-30 ft high on the 
Mesabi, or higher in the harder ores of Marquette Range. Popular shovel is elec operated, 
full-revolving, caterpillar-mounted, with 2-5-cu yd dipper (Sec 27); its maintenance 
costs about 25% that of a steam shovel. 

Track haulage. As example of steam haulage, the Hull-Rust-Mahoning pit uses 
12f)-ton locos for trains of 12 30-cu yd cais up 1.5% grade, returning empties on giades not 
exceeding 5^ At pits wheie R R cais are inadmissible, side-dump pit cars of 2()-30-cu yd 
capac are common. Recent tendency has been towards elec haulage, with 60-75-ton 
trolley locos. A 60-ton loco, with 600 hp in 4 d-c, 600-v motors, exerts a starting pull of 
30 000 lb, and can haul a gross load (including loco) of 340 tons up a straight 3% grade at 
7.5 miles per hr (see Sec 11). A 75-ton elec loco hauls 6 loaded 75-ton cars up 2% grade 
at 10 miles per hr, while a steam loco of same wt can haul only 5 such cars, on same grade, 
at 8 miles per hr. L. C. Moore, basing his computation on a typical Western Mesabi 
wash-oie pit yielding 700 000 long tons of concentrate from 1 050 000 long tons of crude 
ore, and moving 500 000 cu yd of stripping per season, estimates a saving of 6.58fi per ton 
of concentrate in favor of elec over steam haulage, including fixed charges m both cases. 
Haul involves a rise of 260 ft in a nin of 4.4 miles, with trains of 4 30-cu yd (55-long ton) 
cars. For details, see Rib (664). “Differential” system has been adopted by Susque- 
hanna, Wakefield, and Richmond pits; at Susijuehnnna, a train of 6 4.5-yd (8-ton) cars 
is hauled through a tunnel on— 0.5% grade to shaft by a 190-hp motor-car carrying same 
load of ore; such a train weighs less by 10% when loaded and by 18% when empty than a 
7-car train hauled by elec loco (660). The empty motor-car has enough tractive force to 
pull an empty train, while its 8-ton load adds enough tractive force to draw the loaded 
train. Tracks and i^youts. 80-90-lb rail, well graded and ballasted, is used on large- 
scale work. Temporary tracks are lighter and laid with less care. Grades of main tracks 
should be below 2% or at most 3% ; short stretches of 5% grade may be unavoidable. 
Special tracks on 5-6% grades are sometimes laid for short-cuts for quick return of 
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empties to pit. 7.6® curves are the max desirable, and 15® the max allowable, but 50® 

curves are required and operated successfully 
in some cases. Fig 667, 668 show general 
layouts; they are variously modified. Switch- 
backs are also used to connect benches in 
small pits or in deeper parts of large pits. 
The SPIRAL SYSTEM (Fig 667) is ideal. It 
permits easy grades, curves, and turnouts, 
and requires few switchbacks, but is limited 
to large pits of regular outline. 

Truck and tractor haulage (Sec 27) was 
adopted experimentally on the Mesabi about 
1936 (664, 665) and quite widely in 1937-8 
among smaller and deeper mines on Mesabi 
and Cuyuna Ranges. Side- or end-dumping 
trucks to 15- and 20- ton capac, and tractor- 
drawn, crawler-mounted, side- or bottom-dump wagons to 15- and 18-ton capac are used. 



Fig 668. Track Layout, Mountain Iron Mine, Mesabi Range 


The larger trucks, with 125- to 150-hp Diesel engines, come out of pits on (max) 10% grade 
at 6 miles per hr and re- 
turn down 14%-20% at 
high but safe speed. Trucks Railroad haulage 
are used also for dumping 
into raises on pit floor, but 
their chief advantage over 
the slower tractor-wagon 
is seen on hauls of 800- "El surface 623 
1 000 ft or more (665, 667). 

R. W. Whitney and G. J. 

Holt (667) offer following 
data in 1939, based on 2 
years’ experience with 15- 
ton trucks on Cuyuna and 
Mesabi Ranges, hauling 
from pit bottom to surface 
dump; 6-wheel type, with 
dual rear wheels, is pre- 
ferred to the 10-wheel 
(with 2 sets of dual rear 
wheels) because; (a) can 
turn sharper curves (20-ft 
rad); (6) more econom- 
ical of tires; (c) saves 
time for servicing (0.5 hr 
against 1 hr); (d) lower 
maintenance. Diesel en- 
gines consume less fuel 
than gasolene: under 3 
gal of fuel oil per hr against 
5.76 gal of gasolene; over- 
speeding of Diesel engines 
is checked by recording tachometers. Life of closely inspected tires is approx 4 000 hr, 



Fig 669. Two Haulage SystemB, Louise Kt, Cuyuna Range 


Surface 



Fig 667. Spiral Track Layout, Mesabi Range 
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equivalent to 16 006-20 000 miles on a highway. Life of truck estimated at 10 000 hr. 
In ore, two 4-yd dippers make 

a load of 15.4-18.2 (aver, 15.7) Table 66. Data on Truck Haulage out of Lake Superior 
long tons; on stripping, side- Iron-ore Pits (667) 

boards are added, and load is ! 77 77 

then 3 dippers. Road grades of 

8-10% are feasible for loads, Total haul for loads, ft 3 185 4 200- 1925 

and on return 20% is permis- 4 ^oo 

sible. In Louise pit (Fig 669) of which, up 7.5-10% grade . 2 135 1800 1200 

214 ft deep, 3 185 ft of road at Return road, total length, ft. . same 1 600- 1 075 

10% replaced 8 500 ft of R R road 1 800 

at 2.6% grade, and 3 trucks of which, down 19-20% grade 800 450 

displaced 2 locos serving same !' 1 " i, •' % s s 

, ' , , j -T 1 j No of ] 5-ton trucks m service . . 3 8 6 

shovel. Truck s^eds with lo^s dipper of loading shovel, cu yd. 1 75 4 4 

are (miles per hr): level, 10; Digging conditions var good 

up 5%, 8; up 7%, 6; up 10%, Aver time cycle, min: 

5. For other data, see Table Truck waiting at shovel 0,8 0 3 

66. At another Mesabi pit. Interval between trucks . (6)0.3 (6)0 3 

stripping during mid-winter at Loading. . . (o)3 0 0 9 0 9 

a partly frozen bank, largely Travel, shovel to dump 8 0 4 4 3.6 

of clay and 20-25 ft high. Return travel . , 2 5 15 12 

loading with 4-yd shovel, 16-ton at shovel or dump 0 9 

trucks hauled 1 mile over nearly Total time per truck . . . TTs Th 71“ 

level road on snow, making ; — : ; 

rniinH trin in A? min- InnHina («) I”®' dcJays. (6) Not counted a delay, since shovel 
round trip n 0.7 mm, loading, picking up a load during this interval. 

1.4 mm; delays, 1.2 min. 

Belt conveyers (Sec 27), receiving ore directly from shovels or through pocket or chute 
with regulating pan conveyer at bottom, have recently been installed at several Mesabi 
mines, notably La Rue, Canisteo, St Paul, and Spruce. At St Paul, the 30-in conveyer 
IS 854 ft long, in 3 equal sections, on 19® inchne; max capac, 300 tons per hr at 350 ft per 
mm; it is fed through a 1 500-ton pocket with gate 40 ft below present pit bottom; pocket 
is centrally situated in ore, so that aver haul for tractor-wagons is 600 ft (max, 1 200 ft). 
Spruce mine, in 1937, installed a 30-in conveyer in 9 zig-zagging sections, totaling 4 481 ft 
and rising by non-uniform grades (max 25.6%) 386 ft from its lowest point to top of R R 
loading bin. Aver capac at 500 ft per min, 500 tons per hr. It is fed with crushed ore 
through 10 by 10-ft raises at 3 points in pit bottom, 2 supplied with ore by tower excava- 
tors with GOO-ft radii, and 1 by a 2.25-yd shovel and four 20-ton trucks. For details at 


(a) Incl delays. (6) Not counted a delay, since shovel 
was picking up a load during this interval. 


Spruce mine, see Bib (664, 665, 666). 

Drainage. Many Lake Superior pits make from 0.5-1. 5 million gal of water per day. 
As the topography usually prevents opening self-draining pits, drifts are run under the 
pit to collect water and lead it to a shaft near the pit edge, whence it is pumped to surface. 
For economic limit of stripping depth, see Art 101. 

Nevada Consol Copper Co, Ruth, Nev. Following data are contributed by courtesy 
of D. C. Jacklmg and W. F. Boyd in 1938. Copper Flat orebody was originally a fairly 
flat, massive deposit of monzonite porphyry containing disseminated chalcocite and chal- 
copyrite and having a leached capping aver 110 ft thick (307). Ore averaged 600 ft thick. 
Mining has always been done with power shovels on benches 50-100 ft wide, and at 
approx 50-ft vert intervals. Tracks on each bench form a closed loop with a spiral 
approach; favorable for handling trains (Fig 670). Grades of main approaches are 2.5% 
max; loading tracks, level. Sloj>es between benches are 45®-80® from horiz, depending 
on character of rook. On reaching final pit limits, benches are consolidated 3 into 1, 
making final slope of banks 45° in hard, and 40° in soft, material. Both ore and waste 
require blasting; 9-in holes are drilled with Bueyrus- Arm strong, 29-T, elec churn-drills 
(5 in service) to 10 ft below the next lower level. Holes are 18-21 ft apart and usually 
placed 10 ft from edge; this puts 35-40 ft of burden on hole at the toe; they are 
sprung with 40% stick powder. Wet holes are loaded with stick and dry holes with 70% 

bag powder. Over 5 tons broken 
per lb powder. Equipment com- 
prises 5 Bucyrus-Erie, 120-B, 
full-revolving elec shovels with 
4-yd dippers, and one Marion 
elec, with 1.6-yd dipper. Mo- 
tive power for haulage is 4 
saddle-tank and 12 side-tank, 
80-ton, 0-3-1 steam locos. 


Table 67. Operating Data, Nevada Consol Copper Co, 
Ruth, Nev 



1936 

1937 

1938 

Tons per shovel-shift (ore and waste) . 

5 030 

4513 

4 661 

Tons per loco-shift ( “ “ * 

) . 

I 443 

1 284 

1 718 

Feet of hole per drill-shift 


73.72 

75.54 

68.62 

1 Tons broken per lb of explosive. . , 


5 73 

5 39 

6 05 
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Waste IS handled in 20-, 25-, and 30-cu yd side-dump cars, and ore in 70- and 80-ton 
cars, dumpied in a tipple at the mill Other equipment Jordan spreader, caterpillar 
bull-dozers, trackshifters, service cars Rail on the mam lines is 90-lb and that on the 
loading and dump tracks is 75-lb (See Table 67) 

Chino mine, Nevada Consol Copper Co, Santa Rita, N M Data from H A Thorne 
(63) in 1931, revised 1939 by Co officials Orebody is a disseminated chalcocite, in porphyry 
and adjoining sihcified sedimentary rocks, most ore is hard and tough and breaks large, 
involving much blockholing Ore ranges 0 70-2 00% Cu, grade of reserves estimated 



(1938) at 1 17% Cu Leached capping is 0-150 ft thick, orebody is irregular, both top and 
l^ttom, up to 600 ft thick Pit (Fig 671) is elliptical, 6 000 by 4 000 ft, with large mass of 
unprofitable rock near its center, on which principal mine plant is situated Topography 
is favorable for easy disposal of stripping, but a stream had to be diverted and confined 
in concreted flume 7 600 ft long, around N edge of pit Parts of orebody were extensively 
developed by old workings, remainder tested by churn-drills (Art 10-b) to aver 900-ft 
depth Shovel benches 42 ft high have proved most economical, face of a bench will 
stand nearly vert for years, and a 25-ft berm assures safety from casual falls , aver slope, 
top to bottom of pit, 45° Breaking ground Vert top holes and inclined toe holes are 
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used. Former are spaced 18-25 ft in a row approx 10 ft from crest, and drilled 6-10 ft 
below bench grade, for breaking to bottom, or 30 ft deep for trimming face; these 6-m 
holes are drilled by elec, self-propelling chum-drill rigs. The 6-in tools are to be replaced 
by 9-in. In Aug, 1938, 12 such rigs drilled 10 459 ft of hole in 1 108 machine-hr (9.44 ft 
per hr. incl 9.2% delays). Toe holes, 22 ft deep, inclined about 30® to reach 5 ft below 
grade, and spaced 15 ft apart, are drilled by heavy air-hammers, starting at 3.75 and 
finishing at 1.375-in diam. Aver speed in toe holes, 5.8 ft per hr, total time. All holes 
are sprung at least once, using 40% gelatin, with water for stemming. Blasting charge in 
vert holes is 35% and 50% bulk powder, if dry; gelatin, if wet, stemmed with screened 



dirt. Charge in toe holes, 40% or 60% ammonia dynamite if dry, gelatin if wet, un- 
stemmed. Blasts are fired with Primacord wherever possible; otherwise by elec detona- 
tors, not over 10 holes at a time. Powder for secondary blasting, for 9 mos in 1938, 
averaged 5% of total consumption. Including secondary blasting, aver for entire pit is 
6.43 tons of material broken per lb explosive. Loading. Equipment includes 8 R R-type 
elec shovels on caterpillars, with 4-yd dippers; 2 full-revolving elec shovels on caterpillars, 
with 4.97-yd dippers; and 1 truck-mounted elec shovel, with 8-yd dipper and 80-ft boom, 
which can make a through cut 80 ft wide at bottom and load into cars on track 42 ft above 
it. Power consumption by the 4-yd shovels is 0.76 kw-hr; by the 4.97-yd shovels, 0.72 
kw-lir; and by the 8-yd shovel, 1.41 kw-hr, per cu yd loaded. Crew on 8-yd shovel con- 
sists of 4 men; on the others, 2 men. Haulage. In 1938, Chino mine had 26.7 miles of 
std-gage trackage, plan of which is shown in Fig 671. All main lines are 85-lb rail; bench 
tracks, 85- and 75-lb; latter is being replaced with 85-lb. Dump tracks, 75-lb rail, are 
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also to be replaced witih 86-lb. Aver haul for both ore and waste is 2.23 miles. Curva- 
ture of tracks is kept under 20®, and grades do not exceed 2.6%, compensated. Motive 
power includes 11 American, 6-wheel, 90-ton; 6 Baldwin, 6-wheel, 86-ton; and one 
4-wheel Porter, 42.6-ton, locos; the latter for switching only. Air-dump, 20- and 30-cu yd, 
cars are used. Trains of 200 cu yd are hauled on level or down grade; 140-cu yd trains on 
adverse grades. 

Utah Copper mine (Kennecott Copper Corp), Bingham, Utah. Data from A. Soder- 
berg (119) in 1930, revised in 1938 by Co officials. Orebody, a trough-shaped mass of 
monsonite porphyry about 6 000 ft long, 4 000 ft (max) wide, 2 000 ft (max) deep, con- 
tained originally 800 000 000 tons workable ore, carrying disseminated Cu sulphides, 
chiefly chalcopyrite with local enrichments of chalcocite, covellite, and bornite. Orebody 
is blanketed by an almost barren capping of porphyry and quartzite, averaging 115 ft 
thick, but only 20—60 ft in places. To end of 1937, 265 706 395 tons of ore, averaging 
1.13% Cu (0.98% aver for last 10 years), were extracted, requiring removal of 145 604 780 
cu yd of barren or low-grade material (1 cu yd weighs 2.077 tons), a stripping ratio of 1.14 
ton waste per ton of ore mined. Reserves last reported (1930) were 640 000 000 tons, aver- 
aging 1.07% Cu. Recent minimum workable grade was taken at 0.4% Cu, when within 
the stripping area. Precipitation plants recover about 25 tons cement copper per day 
during the spring water run-off, leached from waste dumps by natural percolation. For 
prospecting and sampling by churn drill, see Art 10-b. General plan. Main orebody 


Oxidized Capping 



lies between 2 deep, conjoining canyons; hence is well situated to produce large tonnage 
by open-pit work (up to 75 000 tons of ore and equal or greater amount of waste per day). 
The 1 600-ft rise from R R yard at fork of canyon to highest rim of pit is attacked on 23 
benches (Fig 672), 50-80 ft high (about 60 ft is most economical) and 30-450 ft wide 
(aver, 100 ft) ; 3 more benches have been opened below yard level. Max economical overall 
working slope, top to bottom, 28®; ultimate overall slope, 35°; individual faces, variable, 
but about 50°. Benches are connected by switchbacks, on 4% max grade, with exten- 
sions to waste dumps (usually 1 per bench to nearby dumps, but 2 or 3 are combined for 
the longer hauls) in canyons outside of orebody. In 1937, there were about 85 miles of 
std-gage track; rail distance, yard to remotest shovel, about 7 miles; aver haul, 2.6 miles. 
Trains of 10-14 cars, 80-90 tons per car, are collected at yard and hauled thence in 50-car 
^ains, by steam locos, 18 miles to concentrators. Waste cars, holding 30 cu yd, are 
in 4 to 9-car trains. Breaking ground. Early practice of heavy blasting with coyote 
holes proved destructive of benches. Fig 673 shows present method. Holes averaging 22 ft 
deep are drilled by reciprocating drills; hammer drills are unsuitable, because continuous 
water supply can not be distributed in winter. Driller and 2 helpers average 46 ft of hole 
per shift, besides blasting and trimming; 1 set of steel makes 4-5 holes before losing gage. 
Toe holes, spaced 15 ft, start 3-6 ft above floor, and pitch 5°— 15® downward to bottom on 
grade; mid-face holes (not always required) are horiz but pointed backward towards ad- 
vancing shovel; vert top-holes are rarely needed in higher benches. Progress requires 
2 drill crews per shovel. Toe holes are sprung, usually 4 times, with 7, 16, 30, and 50 
sticks, stemmed with water. Final charge is 150-260 lb of low-fr6ezing ammonium 
nitrate powder, 60% Ngl for dry holes, and semi-plastic for wet holes, fired by fuse in such 
sequence (usually 18 per round) that each shot is partly blanketed by its predecessor, to 
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reduce throwing. Breakage beyond 21-ft reach of shovel is avoided, to save delay in 
setting up for next row of toe holes. Mid-face holes are drilled from top of pile produced 
by toe-hole blast, but are not fired, and then only 1 or 2 at a time, until shovel has made 
space for their broken ore to fall. Top holes, if needed, are fired after shovel has passed 
by. Some bulldozing and blockholing is necessary. Powder consumption averages Vg lb 
per ton broken, of which 16% is for chambering, 69% for main blasts, 15% for secondary 
blasting, mainly trimming. Drilling averages 0.022 ft per ton broken. Tests proved that 
vert holes were less eflic, more costly, and left hard digging at toe of bank. Loading. In 
1937, mine had 22 elec, caterpillar shovels, with 4.5-yd dippers and 30-ft booms swinging 
190°; also 7 full-revolving elec shovels, with 5-yd dippers. All types work about 25% 
faster in ore than in waste (.longer trains of larger cars), overall aver being 4 136 tons per 
shovel-shift. Aver per shovel-shift (Oct, 1938) was 6 000 tons m ore and 4 600 tons in 



a-After blaetlnfr toe holes to 6-Usual effect of bank hole. c-OccasIonal use of 

200 ft In advance ot shovel Shovel moves back before top hole, after 

filing shovel has passed 

Fig 673 Blasting at Utah Copper Mine 

waste. Loading averages for full-revolving shovels are about 15% higher than for the 
others. Power at 5 500 ^'olts for shovels is earned on benches by portable 25-ft steel 
towers, which also support trolley wire. Haulage. At end of 1937, 75 miles of pit track 
had been electiified for 75-ton trolley locos (ballasted to 85 tons), of which 2 serve each 
shovel; each hauls 12 empty cars (252 tons plus its own wt) up 4% grade at 12 miles per hr. 
A few combination trolley and storage-battery locos have been used. The others carry a 
reel with 2 000 ft of cable for use beyond electrified track, recent purchases are without 
reels. Loading an ore tram takes 1.25-1.5 hr; round trip from yard to most remote 
shovel, about 1.25 hr. Performance data (see Table 68). 


Table 68. Performance Data, Utah Copper Mine, 1937 


Tons ore mined 

23 134 450 

Electric pow’er consumption per ton 


Tons waste removed . , 

28 292 292 

material (ore and waste) re- 


Total tons material moved. 

31 426 742 

moved, kw-hr per ton. 


Stripping ratio — waste to ore 

1 22 

Electric shovels 

0 2018 

Aver daily tonnage, all material 

143 650 

Elfjctric locomotives . 

.3958 

Tons removed per lb explosive 

9. 20* 

Compressors . ... 

. 1686 

Tons moved per man-shift 

84 07 

Shops ... 

0111 

Aver tons (dry) loade<l per 


Misc 

0109 

shovel-shift. 


Total 

0 7882 

Ore 

4910 

Aver ore haul, milejn 

2 58 

Waste 

3 664 

Aver waste haul, miles 

1 44 

Aver (weighted) 

4 136 

Ton-miles per kw^-hr 

4 80 


* High, due to removal of fill material. 


United Verde mine, Jerome, Ariz. 

Data from E. M. J. Alenius in 1930 (544, 656), with additions by J. R. Bloom in 1939. 
For description of orebody, see Art 62. Open-cut mining was adopted to recover ore in 
upper levels, mining of which by underground methods was interrupted in earlier years 
by mine fires, which spread to the sulphide orebody iteelf and prevented further under- 
ground work in this area. Major problems in open-cut mining involved: (1) stripping 
about 11 000 000 cu yd of waste, chiefly hard, blocky diorite; (2) mining extremely hot 
sulphide ground; (3) maintaining high degree of selectivity in mining and handling smelt- 
ing ore, concentrating ore, converter flux, and waste; (4) operating in a deep pit of rela- 
tively small diam. Fig 674 shows the geol conditions and relationship between orebody 
and stripping requirements. Original plan proposed mining by glory-hole after com- 
pleting major stripping; decision to use small elec shovels and automobile trucks came 
after stripping proved need for selective mining. 
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* Stripping. Method and equipment used above 160-level were distinct from those below 
that level. Major stripping consisted of carrying back, at a proper slope, a face of diorite 
about 600 ft high. For this, steam shovels, steam locos, standard-gage track, 25-cu yd air- 
dump cars, and complementary equipment were used. Waste disposal and access to benches 
involved construction of more than 5 miles of switch-back R R line; waste was mostly placed 



Fig 674. Typical Section of United Verde Pit, Jerome, Ariz, as of Jan 1, 1939 (looking north) 


in nearby gulches. Tracks, serni-permanent, were of 90-lb rail; bench tiacks and upper 
switch-backs, 75-lb rail; GO-lb rail on dumps. Loaded cars usually moved to dumps on a 
max down grade of 3% ; where material had to be moved upgrade, the giade was reduced 

to 2%. All curves wore 
tapered and grade was com- 
pensated. Table 69 lists the 
HRAVY EQripMENT. The 8-cu 
yd, full-revolving shovel 
operated entirely on the 
IGO-level, against a bank 
which, during the major 
stripping, varied in height 
from 110-315 ft. It was 
mounted on traction wheels 
running on 130-lb rail. The 
4-cu yd, R R-type shovels 
excavated the upper benches, 
generally 50 ft high; origi- 
nally operating on rails, they 
were later equipped with caterpillar traction. The 0.75-cu yd caterpillar shovel was 
used for excavation on switchbacks and roads. Shovels and locos originally burned 
coal; later equipped for oil. The 82.5-ton locos hauled 6 loaded cars; the 53.5-ton 
locos, 4 cars. Hole drilling and blasting. Churn drills, used at first, did well in 
weathered diorite. On 50-ft benches, holes were spaced 35-40 ft lengthwise of bench 
and 6-10 ft back from edge; they were drilled 12.5% deeper than height of bank and loaded 


Table 69. Heavy Equipment for First Major Stripping, 
United Verde Mine, Jerome, Ariz 


No 

Item 

Type 

AYt, sue, or enpae 

I 

Steam shovel 

Full-revolving 

8-cu yd dipper 

2 

“ *' 

Standard 

4 - “ " 

1 

“ “ 

Full-revolving 

0 75-“ “ 

5 

Steam locos 

Switch 

82.5 tons 

2 

“ 

“ 

53 5 “ 

30 

Cars 

Air-dump 

25-cu yd 

I 

Spreader 


14-ft spread 

1 

Locomotive crane 


100 tons 

2 

Track shifters 

Peterson 


6 

Gondolas 

F B composite 

50-ton 

6 

, llat cars 


50- ton 

\ 

TTank car 


50-ton, 10 000 gal 
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with 10-12 boxes of 35% gelatin powder; toe holes were sometimes needed for removing 
hard ribs. On the 1 10-ft bench, churn-drill holes, cased with 6-in pipe in loose ground, were 
placed close to edge of bank and 30-50 ft apart; they were drilled 10-15 ft deeper than 
height of bank; distance from bottom of hole to toe of bank, 55-95 ft; this distance and 
the character of ground governed the powder charge, which was 4 000-8 000 lb; drilling 
speed, 5-30 ft per shift. Beneath zone of weathering, diorite was too hard and blocky 
for churn drills, which were replaced on the 50-ft benches by air drills. Combination of 
toe-holing with jackhammers and drilling vert holes with 
tripod drifters (Fig 675) was found best for the condi- 
tions. Toe holes were 6-15 ft apart; vert holes, 12.5 ft 
apart. Pow'der charge for toe holes, 100-250 lb; for vert 
holes, 75-150 lb. Holes, 20-30 at a time, were blasted 
electrically from a 440-v line. Coyote blasting. To 
equalize progress of 8-cu yd shovel with that of 4-cu yd 
on upper benches, some lower benches were consolidated, 
in a bank over 300 ft high at one end of pit. Due to 
height of bank and difficulty of churn-drilling in fresh 
diorite, coyote blasting was thereafter used on the bottom 
bench. Six such blasts were made, breaking a total of 
793 000 cu yd; largest single blast, 259 000 cu yd. Pro- 
cedure was to drive a 4.5 by 6-ft drift parallel with and 
75-135 ft behind the face, and, at 30-ft intervals along 
the diift, to sink 5 by 5-ft winzes to depth 20-30 ft below Up'J?rTe™che,°Umf^ 

the pit grade (rig 6/ 6). A case of gelatin dynamite with Verde Open-pit 

4 No 8 elec caps was placed in bottom of each pocket. 

Powder for main charge was unloaded at the tunnel mouth and transported to the 
pockets on special wooden cars. lUack pow'der was used m first 3 blasts, for greater 
shattering effect, “ Quarry Special ” in the next 3, with addition of 60% ammonia 
dynamite m the last 2 blasts. The pow’der w'as covered with paper and sand tamping, 
and the tunnel back-filled. Table 70 gives data on these blasts. 



Table 70. Coyote Blasting Data, United Verde Mine, Jerome, Ariz (544) ’ 


Blast No 

1 

2 

3 

4 

5 

6 

Number of pockets . . . . . . 

7 

6 

14 

10 

5 

13 

Aver distance between pockets, ft. 

30 

30 

30 

30 

30 

30 

Total development drifting and sinking, ft 

410 

485 

910 

686 

225 

800 

Aver distance of pocket to toe of bank, ft 

[ 78 

100 

133 

65 

61 

100 

Aver vert height above pocket, ft 

i 121 

167 

189 

146 

120 

120 

Average height of bank, ft . . . 

a 

a 

a 

a 

100 

100 

Aver burden on each pocket, cu yd 

\ 5 000 

7 800 

9 800 

6 000 

5 230 

9 240 

Black powder, lb . . 

Quarry Special No 6, lb 

Quarry Special No 4, lb 

100 000 

95 400 

250 000 

91 700 

45 000 

200 000 

60% ammonia dynamite, lb 





5 000 

30 000 

50^ V gelatin dynamite, lb 

35 Vo gelatin dynamite, lb 

13 050 

3 500 

9 900 

11 650 

4 COO 

3 250 

Total powder, lb 

1)3 050' 

98 900 

259 900 

103 150 

54 000 

233 250 

Cu yd broken . 

140 000 

135 000 

259 000 

105 OOO" 

54 000 

200 000 

Cu yd per lb of explosives 

1 24 

1 36 

1 00 

1 02 

1 00 

0 86 

Cu yd per ft developed 

394 

278 

285 

153 

240 

250 

Costs per cu yd 







Development, labor and supplies 

$0 0850 

$0 0827 

$0 0502 

$0 1297 

$0 1400 

$0 0407 

Explosives 

0 0783 

0 0697 

0 0915 

0 1065 

0 1360 

0 1272 

Total . 

$0 1633 

$0 1524 

$0 1418 

$0 2362 

$0 2760 

$0 1679 


(a) Pockets under slope only. 


Pit slope. Original stripping was based on assumption that a 0.5 : 1 slope would be 
safe in the dense, unaltered diorite of hanging wall, and a 1 : 1 slope in the softer footwall. 
Stripping was completed in 1927; no difficulties as to pit slope occurred until late 1929, 
when a subsidence, originating from underground stoping, fractured the high, steep diorite 
bank on hanging-wall side. A subsequent large slide, Mch, 1931, proved that a slope as 
steep as 0.5 I 1 was no longer practicable, and it w^as decided to flatten the diorite side of 
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pit to a 1 : 1 slope. This involved lemoval of 4 000 000 cu yd of waste besides the original 
estimate of 7 000 000 cu yd. 



Fig 676. Development for Coyote Blast No 6, United Verde Open-pit 


Operating data, original stripping. Table 71 gives data on operations during 1926. 


Table 71. Stripping at United Verde Mine, 1926 



4-cu yd 
shovels 

8-cu yd 
shovel 

Cu yd per shovel-shift 

784 

I 00! 

Cu yd per bbl fuel oil 

64 7 

50.8 

% of time loading 

46 4 

49. 1 

Cu yd per loco-shift 

358 

Cu yd i)er bbl fuel oil to locos 

46 

7 

Lb explosive per cu yd broken .... 

0.648 

Cu yd per man-shift . . 

n 

8 


Mining in lower pit before 1931. 
Work below 160-level (Fig 674) has 
been mostly confined to main orebody. 
Required flexibility and selectivity led 
to choice of low benches and small 
equipment. Benches were 25-33 ft 
high. Major equipment included 1.75- 
cu yd elec shovels, 10-ton automobile 
trucks, service trucks, elec churn drills, 
air drills, gasolene crane, and road 
scraper (bulldozer). Automobile trucks 
delivered to transfer raises extending to 
pit from main haulage tunnel on 1 000- 
level (Fig 674). Drilling was chiefly by 
churn drills, but air drills were used in places not easily accessible for churn drills. Churn-driU 
holes were close to edge of bank, generally 10-12 ft apart, and 5 ft deeper than height of bank. 
In hot ground, where use of powder was limited, spacing might be 4-5 ft Holes were usually 
sprung, and loaded with 150-250 lb 35% or 50% gelatin dynamite; blasted electrically. Holes in 
hot ground were cooled to 120® F or less, before loading, by running in water for 1-24 hr, or using 
wet sand. For sand, holes were chambered to hold both sand and explosive. Using a little water, 
the sand was w’ashed into crevices, sealing off hot gases. For holes that could not be cooled, 
charge was in form of a torpedo. For a 6-in churn-drill hole, a 4-in paper tube, 6-8 ft long 
and 0.6-in wall, was used (Fig 677). Bottom of 
tube was sealed by a wooden plug to which a 
wire was fastened for lowering into the hole. 

Charge and detonators were placed in the tube 
and covered with sand. When shooting a round 
of hot holes, torpedoes were first wired together 
electrically; when blasting signal was given, they 
were then lowered into the holes and detonated. 

Such holes were not chambered, nor stemmed. 

For toe holes in hot ground, torpedoes were ordi- 
nary mailing tubes filled with gelatin dynamite. 

Operatinq data during 1929 are in Table 72. 


Table 72. Pit Mining, United Verde, 1929 


Cu yd per shovel-shift 

390 

Power, kw-hr per cu yd , . 

0 966 

Cu yd per truck-shift . . . 

131 

Truck-shifts per shovel-shift . 

2.97 

Cu yd per gal gasolene to trucks . . 

7,65 

Explosive, lb per cu yd 

0.436 

Cu yd per man-shift 

13 69 

Tons per man-shift . . 

29 66 


Operations since 1931. Ore production at United Verde was suspended in 1931 and 
resumed in 1936, when the mine was acquired by Phelps Dodge Corp. Removal of waste 
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from the open-pit, largely due to a slide in Mch, 1931, continued 
during the interval. J. R. Bloom, Pit Foreman, contributes follow- 
ing data in 1939 on work since 1931. To end of 1935, 5 282 000 
cu yd of waste was removed. Stripping consisted in cutting back 
the diorite bank to a 1:1 slope above the 160-level and main- 
taining a 0.5 : 1 slope below. Benches were left at various inter- 
vals above the 160-level. All material was hauled by locos to 
waste dumps about at same elev as the loading. In 1935, 
dump space was no longer easily accessible, requiring longer 
hauls on heavy grades. The 4-cu yd, full-revolving, crawler 


Table 73. Major Equipment for Later Stripping at 
United Verde Open-pit, 1931-1935 


No 

Item 

Type 

\vt, size, or capao 

2 

D-c elec shovel 

Full-revolv crawler 

4-cu yd dipper 

\ 

D-c elec shovel 

“ “ “ 

2 5-cu yd dipper 

4 

A-c elec shovel 

“ “ “ 

1 7 5-cu yd dipper 

3 

Steam locos 

Switch 0-6-0 

82.5 tons 

2 

Steam locos 

Switch 0-4-0 

53.5 tons 

1 

Gasolene loco 

Switch 0-4-0 

30.0 tons 

I 

Gasolene loco 

Switch 0-6-0 

30 0 tons 

20 

Air-dump cars 

Lift-door 

25 cu yd 

8 

Air-dump cars 

Drop-door 

25 cu yd 

1 

Locomotive crane 

Full-revolv, 7-lever 

100 tons 

1 

2 

Dump dozer 

Track shifters 
Gondolas, flat cars, 
and tank car 

Comp-air 

Peterson 

42-in blade 


shovel proved far more satisfactory than the R R-type steam 
shovels used earlier. The smaller elec shovels were used mostly 
as alternate units. Blasting practice resembled that employed 
on the original stripping; coyote blasting was unsuited to main- 
tain a safe final bank. Four elec churn drills, with jackham- 
mer and Leyner air drills, were used; explosive, 35% and 60% 
quarry powder, 35% and 60% gelatin stick. 


Table 74. Data on Stripping, United Verde Open-pit, 1931-1935 


Caved waste removed, cu yd 

Solid waste removed, cu yd 



820 000 

4 462 000 

Total (cu yd in place) . . 



5 282 000 


4-cu yd 
shovels 

2 5-cu yd 
shovel 

1.75-cu yd 
shovels 

Cu yd per shovel-shift 

Cu yd per kw-hr 


650 

1 5 


Cu yd per loco-shift (steam) 

Cu yd per bbl fuel oil 


500 @ 3/4 mile 

62. 0 @ 3/4 mile 


Cu yd per loco-shift (gasolene) 

Cu yd per gal gasolene 


250 @1 1/2 mile 

9.5 @1/2 mile 


Lb explosive per cu yd broken 

lib explosive per cu yd removed C®) . • 


0 412 

0.348 


Cu yd per man-shift 


20 



(a) Includes caved inatenal. 


Ore mining in lower pit was resumed Jan, 1935, and continued that year in con- 
junction with stripping. Since 1936, stripping has been confined to waste from within the 
orebody, and caved material from the banks. For proper classification of material loaded, 
the smaller shovels were best. Three classes of ore, direct-smelting, concentrating, and 
converter, and waste material, were dumped into separate transfer raises. After passing 
through the 900-level gvizily chamber, they were hauled out the 1 000-level haulage 
tumiel to outside transfer bins. BlockhoUng of large pieces was required on 900-leve4 to 
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pass the material through the 15-in grizzly. Breaking ground. The 100-ft vert block 
between mine levels was removed in 3 cuts from 27 to 37 ft, depending on location of ore 


Table 76. Major Equipment, United Verde Open-pit, Since 1936 


No 

Item 

Type 

Wt, size, or capac 

1 

D-c elec shovel 

Full-revolv crawler 

2 1/2 cu yd 

4 

A-c elec shovels 

“ “ “ 

1 3/4 cu yd 

4 

1 0-wheel, 1 1 . 25 X 24-in 

Double dual rear drive. 

20-ton pay load oi 


pneumatic-tire trucks 

2-way hyd side dump 

9 cu yd 

2 

1 

Linn tractor trucks 
Caterpillar No 75 trac- 
tor 

2-way hyd side dump 

Bulldozer 

8 cu yd 


pillars beneath. Drilling was similar to that described above. Hot ground was blasted 
•with same precautions, but 4 by 4-in wrapped 35% blasting gelatin powder was used in 


Table 76. Drilling Equipment at United Verde Open-pit 
Since 1936 


Items 

Type 

Size or weight 

3 Churn drills 

Spudding 

6-in holes 

25 Jackhammers 

Wet-head 

2 5-m cyl, 7/g-in qtr oct 
steel 45-50 lb 

5 Tnpod-mounted 
drifters 

Auto-feed Leyner 

3 5-incyl, 1 25-in round 
steel 156 lb 

3 Wagon drills 

Gravity-feed Leyner 

3. 5-m cyl; 1 . 25-in round 
steel 


churn-drill holes at temp to 120° F. Type of drill was determined by the hardness and 
broken or solid character of the ground. Approx 20% of mining crew’s time was for 

barring down and trimming 
Table 77. Data on United Verde Open-pit Mining, the high banks above the 
1937-1938 lower pit; this had to be 



698 000 

Ore, cu yd 

Total removed (cu yd in place) .... 

465 000 

1 163 000 


2 5-cu yd 1 7 5-cu yd 


shovel shovel 

Cu yd per shovel-shift 

450 450 

Cu yd per kw-hr 

0.9 l.l 

Cu yd per truck-shift . 

210 

Cu yd per gal gasolene 

12 

Ft of hole per churn-drill-shift 

13.0 

Lb explosive per cu yd broken (a) 

0 499 

Lb explosive per cu yd removed (6) 

0.508 

Cu yd per man-shift (c) 

! 9 8 


(o) Does not include caved yardage, nor explosives for bulldoz- 
ing on grizzlies (h) Includes explosives for bulldozing (c) In- 
cludes labor for final disposal to smelter cars or waste dumps. 


done when falling rock 
would not endanger shovel 
and churn-drill operators lie- 
low. Table 77 gives data 
when all material was passed 
through transfer raises and 
haulage tunnel. Conclt^- 
bion: It is estimated tliat 
the completed United Verde 
pit (Fig 674) will have a 
vert depth of 1 100 ft, an^a 
within the excavated outline, 
60 acres, area of lowest 
level, 0.0 acre. A total of 
19 200 000 cu yd (in plave) 
will have been removed, rep- 
resenting 10 200 000 tons of 
ore and approx 31 000 000 
tons of waste. 


New Cornelia mine, Phelps Dodge Corp, Ajo, Ariz. Data contributed through 
courtesy of H. M. Lavender, Gen Mgr of Mines, in 1939; see also Bib (100). Copper min- 
erals, chiefly chalcopynte, occur in fracture planes and disseminated m quartz mouzonito, 
also to a lesser extent in adjacent diorite and rhyolite, and form a largo oroliody mined by 
open pit. Deposit was overlain by an oxidized zone from which 17 000 000 tons of carbon- 
ate ores, averaging 1.38% Cu, were mined and treated by leaching. Operations now confined 
to underlying sulphide ores. Orebody is about 4 800 ft long and 2 700 ft wide; aver 
original thickness, 425 ft; max thickness about 1 000 ft; it pitches under waste rovering 
at ore end, where pit limits are determined by economic depth of stripping Ore roscrv<‘d 
at Jan 1, 1937, were estimated fiom the pit layout then planned as approx 155 000 000 tons, 
averaging about 1% Cu; added tonnage lies outside of pit limits. Much of the ore area 
is hard and siliceous, breaking into large boulders; overburden generally softer than ore 
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Exploration involved 270 diamond-drill and 15 chum-drill holes, totalling 146 569 ft (Art 
10-b) Mining carbonate capping involved removal of 3 mineralized hills, elevations, 
115-165 ft above general surface These were mined in a single lift (without benches). 
Banks higher than 45 ft were broken by “coyote'* or tunnel blasting, lower banks, by 
churn and air drills Ore was loaded by steam shovels into 20-cu yd air-dump cars and 



Fig 678 New Cornelia Open-pit, Ajo, Ariz, as of Jan 1, 1939 


hauled by steam locos to crushing plant, aver haul, 1 mile \fter carbonate hills had been 
leveled, remainder of oxidized ore was mined by30-ft benches Mining sulphides. Fig 
678 shows lay-out of present pit Entry is through an approach cut starting 2 000 ft from 
the crushing plant, and roughly paralleling the E side of pit, track in bottom of approach 
is on 2% adverse grade Near entrance, branch lines extend E to waste dumps. At Jan 1, 
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1939, bottom of pit was 466 ft below topmost level, and 176 ft below aver elev of the nm. 
Aver height of banks, 60 ft. Bench tracks are kept level and make a complete loop within 
the pit, 6% grade is used on ramps, 90-lb rail on approach and 70- and 90-lb on pit tracks 

^ , r» T 14 Dbilling and blasting 

Broken material Break: llne\, , 

previons-*,! 1 1 Primary drilling is chiefly 

blast 'V T ! with elec churn drills, m 1938 


ooooooooj 
, . , , Orest of bank 


/ Solid toe of bank--^ 

Toe holes wherever necessary to reduce 
burden of toe. 6 HO 'spacing 
plan 


JOIVILOU iiiavcrmi oivaa. -gy 

previon8«^l"“~'*"**ir*"*“‘“*^"”“"*~*~"~**~ — — — I Primary drilling is chiefly 

blast 'V T I [ with elec churn drills, m 1938 

f “H ' about 80% of ground broken 

ooloo iAooooooooooj was thus drilled Wagon-type 

— t- — — — - — -1^ air drills are used where depth 

J I I 1 1 M till Orest of bank of hole is less than 20 ft, where 

I ^ 1 I 1 111 Mil topography is too rough for 

/ Solid to^f bank-^ them, air drills are suspended 

pe holes wherever pece^ry to reduce from tripods Churn drills 

burden of toe. 6 HO 'spacing ^ f , -n anr, i. 

pigj^ use 9-m bits Fig 679 shows 

arrangement of holes, drilled 
to 5 ft below grade They 
are column-loaded and deto- 

B^k lino jjtoL- nated with Pnmacord Bot- 

iL 1 rtiAna charge is 40% gelatin 

dynamite in 6 by 8-m cart- 
Medlihn t ridges, charge in the col- 

hard^. 12' Toe hole umn, 60% granular powder 

monzonl^ fh Xsplll Amount of ground broken 

i \ per blast is 1 000-400 000 

H ^ < 3S' ^ tons, aver about 40 000 
* I solid toe Wagon drills have 4-m pis- 

Vert sec tons, and use li/4-m round 

Fig 679 Bench Blasting, New Cornelia Mine, Ajo, Aria eteel, with 4-ft changes Same 

machine, with special mount- 
ing, IS used for hard toe holes Air-driU holes for primary blasting are chambered 
with 60% gelatm, final loading, except in wet holes, is with granular powder of 60% 
or 70% Cuttings from all holes are sampled for grade control Loading and hauling. 

Table 78. Major Equipment of New Cornelia Open-cut Mine, Ajo, Ariz, 1939 


Break lino # 

% 1 slope.^— >|10k 


Medlihn 

hard'. 

moQzonl^ 


1 Slope 

-^Previous • 
jL line of holes 

|r40^ u^Toe hole 

% ^plll 

^ Grade 


Bench Blasting, New Cornelia Mine, Ajo, Ariz 


Classification Umts Item 

Primary Operations 

Loading 5 4 1 / 2 -cu yd electric shovels 

2 4-cu yd electric shovels 

Haulage 1 5 70-ton oil-i|pd steam locos 

60 20-cu yd dump cars 

31 30-cu yd dump cars 

4 22-cu yd automobile trucks 

DnUing 13 Electnc chum dnlls 

8 Wagon drills 

Miscel 4 Bulldozers 


Service and Maintenance 

Haulage • I Locomotive crane 

servicing 3 Track-shifters 

1 Service lubncation truck 
1 Sprinkler truck 
I 1 V 2 -ton supply truck 
1 1 V 2 “ton pick-up truck 

3 Railroad motor cars, one 
equipped with first-aid 
equipment 

7 Railroad trailer cars 
1 Garage with an overhead 
crane, fully equipped with 
tools and supplies 


Classification Units Item 

Churn-drill 1 Railroadmotor car equipped 

maintenance with hoist on trailer to 

handle distnbution of 
dnll bits and supplies 
I I 1 / 2 -ton truck with hoist to 
handle drill bits and 
supplies 

I Dnll sharpening shop as 
follow 8 

3 mechanical-eleo sharp- 
eners 

4 fuel-oil furnaces 

3 bit-ternpenng tubs 
I overhead crane for trans- 
porting bits 

1 complete welding outfit for 
drill repairs and dnll 
casing salvage 

Air-dnll 1 Drill sharpemng shop as 

maintenance follows 

3 bit grinders with low- 
press exhaust system 
3 elec tempering furnaces 
I pot and crucible furnace, 
fuel oil 

1 oil tempering bath 
! salt bath 
1 threading machine 
1 bit sharpener 
1 power hacksaw 

5 air compressors 

Blasting 2 Powderhouses 

equipment 
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Ore and waste are loaded by 4.5-cu yd elec shovels into 20- and 30-cu yd side-dump cars, 
hauled to the coarse crushing plant by oil-fired steam locos. Stnpping on upper benches is 
facilitated by 22-cu yd dump trucks. Bulldozers are used to build ramps and roadways, to 
clear areas for drills to operate, and to grade benches for laying tracks. Equipment. Table 
78 lists main items in use in 1938; operatinq data are shown in Table 79. From the 
beginning of operation to Jan 1, 1939, a total of approx 55 000 000 tons of ore (carbonate 
and sulphide) and 30 000 000 tons of waste had been mined. Production in 1938 was 
4 974 893 tons ore and 5 825 004 tons waste. 


Table 79. Operating Data, New Cornelia Mine, Ajo, Ariz, Year 1938 


Aver tons mined per shovel-shift in ore . 3 H 6 
Aver tons nuned per shovel-shift in 


waste 3 473 

Aver tons per haulage shilft, locomotives. 1 552 

Aver tons per haulage shift, trucks 1 159 

Aver haul in miles, ore and waste 17 

Ft dnlled per drill-shift; wagon drills. . . 122 
Ft dnlled per dnll-shift; tripod drills. . . 83 


Ft drilled per drill-shift; churn dnlls 49 

Tons ore and waste broken per lb powder 

used .... 4.38 

Tons ore produced per man-shift 30.5 

Tons ore and waste produced per man- 
shift 66.1 

Power, kw-hr per ton (electric shovels 

only) 0.2319 


Arkansas Mountain stripping. Overburden is being stripped from a hill at S W side of the New 
Cornelia pit, with elec shoveling and truck haulage. The steep slopes and limited space for tracks 
prevented rail haulage, and the short haul to available dumping space was favorable for truck 
haulage. Shoveling started Mch, 1937, and to Jan 1, 1939, approx 3 000 000 tons were stripped. 
A 4.6-cu yd elec shovel, and 4 22-cu yd dump trucks were used. Benches were at 60-ft vert inter- 
vals, progressing upwards from bottom of the slope to top level, 300 ft above uppermost level 
in mam pit. These levels are now 

ursTf Table 80. Truck Haulage, Arkansas Mt. AJo. Arir. 1938 

topmost downwards. The shov- Total number of trucks in service 4 

els, trucks, drills, and other Tons hauled . 2 320 738 

equipment were shifted over Number of truck-shifts 2 001.6 

ramps with grades up to 28%. Tons hauled per truck-shift 1 159 

Air drills were used on the steep Length of haul, miles 0.28 

slopes, churn drills, when the Aver ratio of truck-shifts to shovel-shifts 3 

benches were established. 


Morenci, Ariz (Phelps Dodge Corp). W. C. Lawson in 1938 described the preliminary 
stripping operations begun in 1934 (668). Orebody is a large, low-grade deposit of copper 
minerals, chiefly chalcocite, disseminated in porphyry. Exploration by diamond drilling 
and underground openings indicated total reserve of 284 (KX) 000 tons, assaying 1.036% Cu, 
with small amounts of Au and Ag. Pit limits are planned to extract 230 000 000 tons, 
having 1.06% Cu; reduction from the total represents establishment of grade cut-off 
limits, excluding portions of orebody carrying high stnpping ratios. Aver thickness of 



capping, 216 ft; max, 500 ft; estimated stripping ratio, 1.04 ton of waste to 1 of ore. 
Ultimate pit depth of 1 300 ft, below highest point of capping, and over-all slopes of 45° 
are planned. Character of capping varies, but drilling conditions are generally good, 
though occasional ribs of high-quartz material break with difficulty. General plan 
comprises uncovering an area nearest the millsite, and developing the pit for rail haulage, 
including switchbacks to upper benches and waste dumps and roadbeds to the mill, 31/3 
miles by rail from the pit (Fig 680). Banks will be 50 ft high, with 100-ft bench widths. 
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For many years, grades for both ore and waste haulage will be favorable. Aver haul 
between pit and assembly yard will be about 2 miles; from the yard, haul to crushing plant 
will be II/3 miles, on 0.4% grade. Upper benches will be reached by 4 switchbacks over a 
ruling grade of 4% ; tracks to main dumps, on 0.2% grade. About half of total stripping will 
move in direction opposite to ore movement; remainder will go to dumps over same tracks 
as ore. Longest waste haul, about 3 miles. Extreme roughness of topography led to choice 
of automobile trucks for haulage during preliminary stripping. Trucks proved highly 
flexible, disposing of waste in canyons to be crossed by rail. Preparation. First work 
was building about 6 miles of service and truck-haulage roads. About 75% of all roads 
required drilling hillside slopes with large jackhammers suspended from tripods with block 
and tackle. Drills were chucked for 1.25-in round steel; all holes drilled dry, with detach- 
able bits. Some through-cuts were made with a 1-cu yd Diesel shovel, and 5-cu yd trucks 
with wheel-base of only 121 in, permitting short-radius tuins. Other preparatory work 
included extension of water, air, and power lines to pit, building shops, and grading for a 
new townsite. Drilling and blasting. For all primary drilling in stripping, elec churn 
drills with 9-in bits are standard. Holes are drilled 8-10 ft below grade and column-loaded 
with bag powder, with 1 case of gelatin in each hole as a primer, detonated by Cordeau or 
Primacord. Easily accessible holes are stemmed with mill tailings, using 1 line of wire- 
bound fuse; other holes are stemmed with rock screenings, using 2 lines of double-countered 
fuse, because the coarser stemming may injure the fuse. Aver advance per churn -drill 
shift, 85 ft. Drill bits aver 55 ft per sharpening. In blacksmith shop, 3 men with mechanical 
sharpener can sharpen and temper 22 bits per 8 hr. Loading. In 1938, 4 full-revolving, 
Ward-Leonard control, elec shovels were in service; 3 had 4. 5-cu yd, manganese-steel 
dippers; the fourth, a 5. 5-cu yd, alloy-steel dipper, which weighed, plus full load, less than 
the loaded 4.5-cu yd dipper. Shovels receive power at 2 300 v through trail cable. Auto- 
matic water sprays are located ahead of the shovel to control dust. During first few months 
of 1938, about 5 000 tons were loaded per 8-hr shovel-shift. On a 2-shift basis, delays to 
shovels in waiting for trucks and in repairs weie only 8% of total possible loading time. 
Power consumption averaged 0.186 kw-hr per ton loaded. Haulage. Equipment (1938) 
consists of 18 22.5-cu yd, end-dump, 6-wheeled, gasolene trucks, each of the 4 rear wheels 
having 2 13.5 by 24-in pneumatic tires, pay load, about 35 tons. Bench widths permit 
a truck to be spotted on each side of shovel; this minimizes arc of shovel swing, and an 
empty can be backed into position while shovel is loading truck on opposite side. A bull- 
dozer at each shovel keeps surface smooth. Aver haul (1938) is 0.6 mile; max, 1 mile. 
On favorable roads, grades to 15% can be negotiated at very slow speed , max grade of 10% 
is set where possible; for long stretches, 6 or 7% grade is preferable. Top speed on slightly 
favorable or level grades, loaded 01 empty, is 15 miles per hr. Sprinkler tiiicks control 
dust on roads. While mining is suspended on “graveyard” shift, half the trucks go to repair 
shop for servicing; hence, each truck is serviced after 32 hr operation. There is a complete 
tire-1 epair shop, including vulcanizing equipment. Delivery of gasolene to trucks and 
incidental servicing is by a specially designed truck, the carrying tank of which is divided 
into 2 compts for gasolene and Diesel fuel oil, greasing equipment and a small gasolene- 
driven compressor are attached to the truck frame. W'hen length of haul one way is 1 mile 
and a shovel is loading 5 000 tons in 8 hr, 10 trucks are needed for unmteirupted work. 
Costs. During first 5 mo of 1938, cost of operating a 4.5-cu yd elec shovel per 8 hr, includ- 
ing maintenance, was $52.81; of a 22.5-cu yd truck, including road maintenance, $31; 
bulldozer, $22.32; chum drill, $30.75. Cost of truck haulage per ton was 3.8fif, per ton- 
mile, 6.1fi, distributed as follows; maintenance, 32%; tires, 21%; driver, 19%; gasolene, 
14%; road maintenance, 10%; misc, 4%. Above costs are on basis of new eipiipment 
and relatively short period of operation. 

Chile Exploration Co (Anaconda), Chuquicamata, Chile. Data from W. D. B. Motter, 
Jr, in 1939. Ore body, comprising a mineralized shear-zone in granodiorite, is the world’s 
largest known copper deposit; developed for a length of 1 85 mile, wdth max width of 
3 300 ft. Antlerite (formerly referred to as brochantite) , krbhnkite, and chalcanthite are 
chief minerals of oxidized zone, below which lies, first, a zone of mixed oxide and sulphide 
copper minerals, and, deeper, a body of sulphide ore. In 1935, a preliminary estimate indi- 
cated reserves of approx 360 000 (XX) tons of oxidized ore, aver 1.75% Cii ; 100 000 000 tons 
of mixed oxides and sulphides, aver 2.87% Cu; and 575 000 000 tons of sulphide ore, aver 
2.27% Cu; total, 1 035 000 000 tons, aver 2.15% Cu. Some areas are overlain by waste cap- 
ping. Ore is moderately hard and, due to soft mineralized seams, breaks coarsely in blast- 
ing; gyratories at coarse-crushing plant have 60-in openings, thus reducing block-holing in 
the pit. Topography permits long working faces, for many shovels and ore trains. In Jan, 
1939, 15 benches had been opened and 11 were being worked, with 13.6 miles of bench 
faces. Upper benches are 37-64 ft high; lower benches, all 40 ft. The pit has produced as 
much as 59 142 tons of ore and 33 510 tons of waste in 3 8-hr shifts. Pit equipment com- 
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prises (Mar, 1939) : two 8-cu yd full-revolving elec shovels on R R trucks, one mainly for 
development, the other held in reserve; six 4-cu yd caterpillar elec shovels; six 4-cu yd 



R R-type caterpillar elec shovels (all of the above, except one 8-yd shovel, are Ward-Leon- 
ard control) ; seven 4-cu yd R R-type caterpillar elec shovels with a-c motors; total, 21 
shovels, all equipped with cable-drums for spotting cars while loading, thus relieving the 
locos; three 0.75-yd Diesel shovels on caterpillars for misc clean-up work; 2 road graders; 3 


Fig 681. Plan of Opeii-pit, Chuquicamata, Chile, at Jan 1, 1939 (RR trackage on benches omitted) 
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Nordberg track shifters; 93 Cyclone elec churn drills; one 29-T Bucyrus-Erie drill; 19 elec 
locos, 75-87 tons, combination cable-reel, third-rail, and some with trolley (operating on 
third-rail on main lines only and with cable on benches and waste dumps) ; 15 steam 
locos, 86-91-tons; 460 70-ton steel ore cars, dumping in a rotary dumper; 32 30-cu yd and 
80 2()-cu yd air-dump waste cars; 6 steam cranes 15-120-ton capac, 4 of which are self- 
propelling; one 45-ton all-elec self-propelling crane; 14 flat cars; dropped-center cars for 
transporting small shovels and drills; 1 steam spreader plow. As of Jan, 1939, there are 
68.8 miles of std-gage R R track, of which 38.7 miles are electrified. 

General pit operations. All benches but the first are on level grades. In general, 
approach tracks (Fig 681) have a max compensated gradient of 3%; 100-lb rail on mam 
lines and approach tracks, and 80-lb on benches. On approach tracks the max curvature 
is held to 10°, and on bench tracks to 20°. The 40-ft height for benches in lower part of the 
mine was adopted because an 8-yd shovel with a 90-ft boom can readily load into cars 
spotted on the bench above; such shovels are used for opening new benches. The min 
width of bench, of 3 times height of face, reduces interruptions to traffic when blasting. 
It is now planned to carry the pit depth to about 200 ft below the outlet, before changing 
to underground mining, but this point will not be reached for many years and the pit may 
be continued much deeper. Unusual features of operation at Chuquicamata are the method 
of spotting cars at the shovels by drum and cable mounted on the shovel, and the use of 
LOX explosive, as described below. 

Breaking ground. During early operations, tunnel blasting was found the best 
method, because upper horizons were honeycombed with old underground workings. 
Churn-drill holes are now used exclusively. The older rigs drill an aver of 46 ft of 8-m hole 
per 8 hr. Modem rig drills 88 ft of 8-in hole, or 56 ft of 10.5-in hole, per 8 hr; the latter 
size is being tested (1939) to replace 8-in holes. Gill bits are used, drilling an aver of 35 ft 
between sharpenings. Holes are cased at collar, and are column-loaded with split or deck 
charges. Single blasts may break 70 000-150 000 tons or more; 60% free-running ammonia 
dynamite is used. LOX (liquid-oxygen explosive) has been largely used since 1926, 
breaking more than 22 000 000 tons; it is cheaper, more effective, and somewhat safer 
than dynamite. In Jan, 1937, a premature explosion of black powder occurred; its use 
was thereupon permanently abandoned. Due to the fact that LOX also is inflammable, its 
use was suspended until it could be rendered non-inflammable. Experiments sponsored 
by Chile Exploration Co and conducted by U S Bur of Mines have succeeded in producing 
a non-inflammable LOX. Carbonized lignin residue, packed m canvas bags, is the absorb- 
ent; rendered non-inflammable by addition of moisture and phosphoric acid, and the 
canvas is fireproofed by diammonium phosphate. The volumetric effectiveness of LOX 
is reduced about 5% by this treatment, still leaving it more effective, on the weight basis. 


Table 81. Operating Data, Chile Exploration Co, Chuquicamata, Chile 


Tons ore mined 

Tone waste removed 

Total tons material moved 

Stripping ratio, waste to ore 

Aver daily tonnage, all material 

Tons moved per lb explosive ... 

Tons moved per man-shift (incl employees and labor — shops and all 

outside labor) 

Aver tons (dry) loaded per shovel-shift: 

Ore . . . . 

Waste 

Average (weighted) . 

Electric power consumption per ton material (ore and waste) moved, 
kw-hr per ton: 

Electric shovels 

Electric locomotives’*' 

Electric drills 

Compressors 

Shops 

Miscellaneous 

Total 

Aver ore haul, miles 

Aver waste haul, miles 

Ton-miles p«r kw-hr 

♦ Some material handled by steam locos; consumption by electric 
locos alone was. in the respective years. 0 . 523 and 0 . 592 kw-hr. 


1937 

1938 

13 761 262 

1 1 605 569 

8 690 366 

6 333 430 

22 451 628 

17 938 999 

0.631 

0 546 

69 931 

58 030 

2.79 

2.83 

24.45 

21.98 

2 331 

2 588 

2 052 

2 595 

2 213 

2 590 


0.355 

0.333 

♦0 419 

♦0.537 

0 046 

0 047 

0 193 

0 197 

0 032 

0 038 

0 067 

0 071 

1. 112 

1.223 

2 96 

2.52 

1 73 

1.69 

4.60 

3.63 
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than the 60% dynamite. Substitution of LOX for dynamite entails no change in depth, 
chambering, or spacing of drill holes, but an 8 or 10 1 / 2 -in hole is better for LOX than an 
8-in, to concentrate this less dense explosive at the bottom. The Co makes its own liquid 
oxygen in a plant with a capac of 250 liters per hr. LOX blasts are fired within 1 hr after 
beginning charging. All blasts, except secondary shots, are detonated with Primacord, 
which has replaced Cordeau. Considering a typical single-row blast (multiple rows are 
occasionally used) in a 40-ft bank, 8-in holes would be spaced 13 ft c-c, 23 ft back from toe 
of bank or about 6 ft from the rim, resulting in a burden of 850 tons per hole; with 20% 
overbreak, the broken ground is 1 020 tons per hole. For data on earlier practice at 
Chuquicamata, see Bib (638). 

Flin Flon open-cut. Data from M. A. Roche (669) in 1933 and 1935. Orebody is a 
steeply dipping lens of hard pyrite, banded with greenstone ledges and fringed on one side 
by softer disseminated ore. Outcrop is 2 600 ft long and 450 ft wide at middle, tapering out 
completely at ends. All but about 600 ft at its mid-length lay under 12-15 ft of water (an 
arm of Flin Flon Lake) and 15-90 ft (aver 20 ft) of mud and clay. After building 2 dams 
from shores to a conveniently situated island, an area enclosing all the submerged outcrop 
was emptied of about 4 million gal in 2 mos by 2 Morris 10-in dredging pumps, against aver 
head of 50 ft; mud and part of the clay was dragged to the pumps by 3 V-scrapers with 
35-hp slusher hoists, aided by high-press water jets. Another scraper handled boulders. In 
3 summer seasons, 789 3(X) tons of material were thus removed, costing 15^ per ton ; remain- 
ing 288 5(K) tons of bottom clay was removed later by power shovels and Shay loco. Only 
the upper 300 ft of orebody will be mined by open-cut (see Art 43 for underground meth- 
ods), involving about 1 000 000 tons of overburden, 5 000 000 tons of ore, and 2 (KK) 000 
tons of waste rock. In late 1933, the pit was 150 ft deep and 1 300 ft long; approached by 
through cut on 6% grade from narrow north end, track being laid on hanging-wall (green- 
stone), with switchbacks near opposite schistose wall. Breaking ground. During 3 yr, 
8 No 29 Armstrong elec dulls (550-v, a-c), caterpillar mounted, averaged 15-17 ft of 
6-in hole per lO-hr drill-shift, mainly in hard sulphide and greenstone. Holes, usually 50 ft 
or deeper, to about 5 ft l>elow grade, are 16-20 ft apart, and staggered in rows 20 ft apart; 
fiist low about 20 ft from edge. They are chambered by successive charges of 50% gela- 
tin, stenmied with water; then loaded with about 700 lb gelatin in 5 by 16-in cartridges, 
to alxiut 20 ft from bottom, and stemmed with 10 ft of sand; above this, a “deck” charge 
about 16 ft high is confined by sand to top of hole. Owing to conductivity of sulphides if in 
contact with wires, a defective circuit can not be detected by galvanometer; enameled 
lead wires are therefore laid into grooves along opposite edges of a wooden strip and taped 
m place, primers are also attached to this stick. Besides the main blast holes, a row of 
uncham bored rim holes, spaced 5-10 ft, is loaded with alternating top and bottom charges 
only sufficient to break hole to hole. As much track must be moved before blasting in this 
iiariow pit, large blasts are made at long intervals; the ore is also better broken by firing 
many holes simultaneously. In a blast of Nov 23, 1932, 639 holes, averaging 44.43 ft deep 
(which took 1 930 8-hr rig-shifts to drill and 16 050 lb explosive to chamber) and containing 
239 650 lb of 50% gelatin, broke 443 153 tons, of which 292 484 tons were ore. Blast of 
Sep 13, 1933, broke an area 700 ft long by 150 ft wide with 232 main holes and 175 rim 
holes (aver 30 ft deep) along foot and hanging walls, affording 471 980 tons of ore and 
33 613 tons of waste; explosive (50% gelatin), 15 850 lb for chambering and 246 000 lb in 
blast. Aver consumption of explosive since beginning this work has been 0.351 lb per ton 
broken, mcl 0.031 lb for chambering. Loading and hauling. Each of 2 Marion 4 160 elec, 
150-ton, full-revolving, caterpillar-mounted shovels, with 4-yd dippers and 29.5-ft booms, 
loads 1 0(K>-1 500 tons in 10 hr, dumping 20 ft above grade with 37-ft reach. Cars (23 in 
service) are 22.5-yd (60-ton), drop-door, side-dumped by air. Motive power includes 2 
General Electric 85-ton locos, and several 20-tan size for spotting. The large locos haul 
2 60-ton cars from pit on 6% grade; they have hauled up to 3 000-3 500 tons 2 miles in 
10 hr; usual aver is a little over 1 000 tons per loco. When pit reaches its full proposed ex- 
tent, it will have about 8 000 ft of track (85-lb rail), besides that in yards and waste dumps. 

Asbestos mining in Quebec. Data from W. A. Rukeyser (670) in 1932. In scattered places 
in a long serpentine belt, fractured rock carries chryaotile in seams to max of 3-in width, usually 
much narrower. Rook containing as little as 2% asbestos ha.s been mined; general aver, 6.26%. 
Fiber 0.76-in and longer commands premium, and has commonly been hand-sorted for special 
treatment, remainder going to crushing and separating mills. Where sorting and loading is by hand, 
requiring rook to bo broken small, benches are usually blasted with 10 to 16-ft vert holes, drilled 
by light hammer drills at cost of 3-170 per ton broken; sorted material, mcl waste, is shoveled into 
steel boxes holding 2.5 tons, which are dumped by crane into 10-ton cars, hauled out of pit as 
described below. Recent trend, induced by diminishing proportion of long fiber and its smaller 
premium, is towards mechanical loading direct into cars, with only such sorting of waste as a shovel 
can accomplish. Of rock mined in 1929, 30% was waste compared with 13% in 1919. Power 
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shovels permit heavier blastmg with deeper holes and higher benches Brbabino bock Vert 
holes 32- 40 ft deep (75 ft at one mine), 10-25 ft back from face, and spaced 6 ft or less, are made 
with heavy hammer drills on portable derricks, starting at 3 375 in, hnishing at 1 125 in Toe holes 
are drilled by same machines, differently mounted Lower third of hole is loaded with 75% gelatin, 
remainder of charge, 30-50 lb of 40% dynamite, about 20 holes are elec fired at a time, some block- 
holing 18 needed Aver break, 8 tons per lb explosive, cost of explosive, 4-7 fi per ton Loading 
and Hauling Caterpillar steam shovels with 2 5-yd dippers have been commonest, gradually 
replaced, since 1929 by elec shovels of same or 4-yd size feide-dump, 10-ton cars are usual, one 
large mine has air-dumped, 30-ton cars In pit bottoms, steam, gas-elec, and elec locos of trolley, 
battery and cable-reel types, have all been used At Jeffrey mine, a circular pit 2 000 ft across and 
200 ft deep, developed by spiral benches with 6 5 miles of track, trains of 30-ton cars are hauled by 
60-ton eiec locos from pit bottom to mill In smaller and deeper pits, locos deliver cars at bottom 
of an inclined tunnel, up which the cars are hoisted, 2 at a time, to or near the mill, 3 such tunnels 
are 967, 1 045, and 1 100 ft long, grades from 10 to 37% Kmg mine, with a pit 1 200 by 1 000 ft 
and 400 ft deep, retained suspension cableways (1 400-ft spans) after they had generally been 
abandoned at other large mines, using them to hoist 10-ton loads hauled into pit from underground 
shrinkage stopes on 300-ft level ior method of block-caving at King mine, see Art 80 

Gasolene shovels m open-pits According to W R Moorehead (320) New Idriv mine, Calif, 
in 1931 produced daily about 750 tons of low-grade ore (0 085% Hg), in a fractured sandstone with 
seams of cinnabar, from open-pit workings at outcrop of a steeply dipping lens (max 800 by 180 ft), 
from which richer portions had previously been extracted, material was dropped through a central 
raise to grizzly and conveyer belt in adit 200 ft below bottom of pit (Art 01) Hanging-wall strip- 
ping was glory-holed through another raise to same adit Elliptical pit was worked by 2 benches at 
opposite ends Dry jackhammers drilled vert holes 15-20 ft deep, spaced 8-15 ft, and 6-12 ft back 
of crest, after chambering with 40% gelatin, each hole was loaded with 50 lb black powder, primed 
with gelatin Of 4 caterpillar-mounted, gasolene shovels, 2 had 1-yd, and 2 had 3 / 3 -yd dippers 
They loaded into end-dump auto trucks of 5 25-6 25-ton capac, aver haul, 300 ft On basis of 
21 516 tons in feep, 1930, unit expenses included, m man-hr per ton drilling and blasting, 0 343, 
shoveling, 0 368, trucking, 0 053 Explosives gelatin (40 and 35%), 0 829 lb, black powder, 
0 589 lb Carson Hill mine, Calif Data from J A Burgess (297) in 1917 Gold ore is mined in 
2 outcrop workings on or adjoining the Bull and Calaveras veins In Union pit a soft schist ore- 
body, 400 by 50-150 ft, is mined in 20 ft benches Holes 20 ft deep, spaced 8 ft m rows 12 ft apart, 
are sprung once with 5 sticks of 40% gelatin, then loaded with 50-100 lb black powder, and fared 
elec, I row at a tune Cost for explosives, 2 2^ per ton One gasolene shovel with 1-yd dipper loads 
into 3 3-ton trucks, aver haul to ore-pass, 600-900 ft Crew, shovel runner, 3 drivers, 1 or 2 
drillers, averages 500 tons per day Calaveras pit is in a long steeply dipping band of soft schist 
50 100 ft wide, and has raise connection with underground workings \ ert holes, 20 ft deep, 
spaced 8 ft in rows 10 ft apart, are drilled from wagon mounting, sprung first with 1 or 2, then 8 or 
10, sticks of 40% gelatin dynamite, loaded with 75-100 lb of black powder, and fared elec, 3 rows at a 
time Cost for explosives, 6 9 ^ per ton About 1 ton of hanging-wall and other waste is moved 
for 4 tons of ore 


97. OPEN-CUT MINING WITH DRAGLINE EXCAVATORS 

General. For structural details of draglines, see Sec 3, 27 Chief advantages of 
dragline over the power shovel, m suitable material (a) can dig deeper below its own 
level, max depth 20-25 ft for small machines with 60-ft booms to 85-125 ft for those with 
185-200-ft booms, (5) can discharge at higher elev, max dumping height alxive base 
ol machine, at boom angles of 25°-40°, is 25 ft for small, to 100 ft for largest draglines, 
aver for most draglines is 30-40 ft, with booms from 65 to 110 ft, (c) longer reach for both 
digging and dumping, max dumping radius, at lowest position of boom, may slightly 
exceed boom length (due to momentum of loaded bucket), but is usually 5-10 ft less than 
boom length on medium -size draglines, max digging radius exceeds dumping radius by 
13- 15 ft with the smallest, to 50 ft with the largest draglines, and depends upon operatoi ’s 
skill in “throwing” the bucket, this added distance is V3“V2 the dumping height Com- 
pared with shovels, chief deficiencies of the dragline are (a) except 111 easy digging (Table 
82), bucket load is 5-10% less than that of a shovel dipper of same capac, due to lack of 
“crowding” effect, (5) loads can not be so accurately discharged into a vehicle, hence a 
hopper or chute is usual for such loading (for exception, see Shiras pit, below) , (c) bucket 
effic (% of capac actually filled) diminishes more rapidly with less suitable mateiial (Table 
82), and almost disappears in mateiials offering only slight difficulty to a shovel, (d) drag- 
line works to less advantage on rough footwall or bedrock, and does a poorer job in cleaning 
up corners, (c) less selectivity is possible, imle.ss the valuable and worthless poitions of a 
deposit are stratified or clearly segregated Widest fields for draglines thus appear to 
be (a) stripping wide areas ovei faiily level deposits, as coal, phosphate beds, iron ores like 
those of the Mesabi Range, and where the overburden requires no added transport, (6) 
mining soft ores m wide and shallow bodies fairly uniform m composition and free from 
irregularities m structure. I or special applications to coal stripping, see Art 100. 
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Bucket effic of draglines varies with nature of material, and depends chiefly upon percentage of 
voids in the load. Table 82 gives a classification according to suitability for draglining, and the 
effic factor applicable to each class. In very easy digging, as the overburden or Fla phosphate 
deposits (Art 98), the factor may reach 108%, due to heaping the loads. When working under 
water (see Art 129), the factor will be less than with dry material, due to spillage. 


Table 82. Bucket Efficiencies’*' of Draglines in Various Materials 


Easy digging 
factor, 95-100% 

Medium digging 
factor, 80-90% 

Medium-hard digging 
factor, 65-75% 

Hard digging 
faetOT, 40-65% 

Sand and small gravel, 
dry or moist 

Loam and loose earth 
Muck 

Sandy clay 

Loose clay-gravel 

Cinders and ashes 
Bituminous coal 

Well loosened material 

Materials not hard to 
dig without blasting, 
but breaking with 
large voids 

Clay, wet or dry 

Coarse gravel 
Clay-gravel, packed 
Packed earth 

Anthracite 

Materials requiring 
light blasting, bulky 
and not easily pene- 
trated by bucket 

Well broken limestone, 
sandstone, shale, etc 
Ores not massive in 
character 

Heavy, wet, sticky clay 
Gravel with large 
boulders 

Cemented gravel 

Blasted rock with large 
voids, difficult to enter 
Hard, tough shale 

All hard rocks 
“Caliche” 

Mixtures of coarse and 
fine broken material 
Tough, rubbery clay 
which shaves from 
bank 


* % of bucket capacity actually filled 


Power requirements. Bucyrus-Ene Co states that elec dragbnes with Ward-Leonard control 
require 0 40-0 7o kw-hr per cu yd, on machines of all types and sizes. On those driven by a-c 
motors, consumption is 0 30-0.85 kw-hr per cu yd, highest for the largest draglines. Table 83 gives 
consumption of fuel and lubricant by Diesel-driven draglines of the walking type. 

Mayarf iron mines, Cuba 
(64). See Art 10-a for ore oc- 
currence. The large area of ore- 
bodies, their softness, and free- 
dom from overburden, favor 
use of mechanical excavators. 

Draglines are used for ore 20 ft 
thick or less, when both surface 
and bedrock are irregular; 
steam shovels, tried first, could 
not clean bedrock without dig- 
ging it up, and their small 
radius of action necessitated 
frequent moves. In 1916, 2 
draglines, with 2-cu yd Page 
buckets, handled 1 000 tons per 
day (1 shift) (346). The exca- 
vator worked from the original 
surface, the bucket swung in a 
radius of 60 ft and readily re- 
moved all ore to bedrock for a 
width of about 100 ft; project- 
ing hummocks of bedrock, 
stumps, etc, were discarded. 

Ore was loaded into 50-ton, 
side-dump, steel cars, on tracks 
on surface. Crew: 1 operator, 

1 fireman and 3 pitmen. 

Balkan mine, Menominee 
Range, Mich. Data from C. E. 

Lawrence in 1916 (347). Drag- 
lines were used for stripping and 
mining a hematite deposit overlain 
by swamp, quicksand, clay, hard- 
pan, and boulder gravel. Before 
beginning work a stream crossing the property was diverted, and a shaft sunk outside the deposit, 
with drifts and raises for draining the overburden. Fig 682 shows the pit, about 1 150 ft long by 
900 ft wide; the spiral tracks (Art 96) had a grade of 2.8%; depth of stripping, 60 to 108 ft. Slopes 

1—26 


Table 83. Oil Consumption of Walking-type Draglines 
Operated by Diesels 


Boom 

Bucket 

Engine cylinders 

Fuel oil. 

Lubno 

ft 

cu yd 

No 

size, in 

gal per hr 

oil, gal 
per hr 

60 

70 

2 \ 
11/2 / 

2 

12X15 

3 5-5 5 

0 07 

60 

31/2 1 





70 


2 

14X17 

5-7 

0.10 

80 

21/2 1 





80 

90 

a ./ 2 | 

5 

8 3 / 4 X 101/2 

7-9 

0.12 

80 

5 ) 





100 

4 

3 

14X17 

7-9 

0.15 

120 

3 1 







5 

10 X 121/2 

6--10 

0 12 

85 

^ 1 





105 

5 

5 

101/2X121/2 

10-12 

0.14 

125 

4 ) 





110 

^ ] 





125 


4 

14X17 

10.5-12.5 

0.20 

140 

5 1 

i 

1 



140 

7 1 





160 

6 [ 

5 

12X15 

1^15 

0.24 

175 






165 






185 

9 [ 

5 

14X17 

15-20 

0.26 

200 

8 1 
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of banks were 2 1 m fine sand near surface, and 1 1 in underlying gravel and clay, slopes could 

have been steeper in dry material The stripping (1 2 million cu yd) was contracted Two drag- 
lines had 86-ft booms, 4-cu yd buckets, and 24-ft turntables, they were mounted on hardwood roll- 
erst runmng on 4-in plank, working wt, 150 tons Output per machine, 2 000 cu yd per 10 hr, 

loaded through a hopper into 
4-cu yd Western dump cars, 
16-ton locomotives hauled 
10-car trains 0 5 mile to a 
dump Height of bench 
taken in one cut was limited 
to 30 ft by the flat angle of 
repose of the soft material 
At a depth of 60 ft, some 
clay banks began to cave, 
which was stopped by dress- 
ing them with evergreen 
boughs or pit gravel After 
cleaning the surface of the 
ore, the banks were pro- 
tected by gravel-filled cribs, 
water was kept out by a 
ditch in ore completely 
around the workings, a 20-ft 
berm v^as left to maintain 
the ditch and cribbing The 
excavators then mined the 
ore, which was first shaken 
Fig 682 Balkan Mine Pit, Mich up by blasting with 20 to 

30-ft churn-drill holes The 

2 machines loaded about 5 000 tons per day Draglines were adopted chiefly because of the 
wet, mushy overburden, which would not support a steam shovel m the pit bottom, they worked 
successfully m the ore also, which was medium hard 

Shiras pit, Mesabi Range, Buhl, Minn According to E E Hunner (660) a re' olving elec shovel 
equipped as dragline (Sec 27), with 160-ft boom and 6-cu yd Page bucket, was used to strip and 
remove ore from a long, narrow, irregular orebody Overburden, 25-30 ft deep, ore, 40 ft deep, 
126-200 ft wide, 1 600 ft long Starting at one end, the dragline advanced on surface along one side, 
ovenasting spoil from about 2/3 proposed width of pit, on return along other side, remaining I/3 
was similarly overcast, except what was needed for grading a loading track along edge of pit, same 
machine, moved to pit bottom, then loaded ore into 50- and 75-ton cars on this track, with lift of 
80 ft from bottom of ore to top of car Crew, excluding rock pickers 1 operator, 1 oiler, 1 pitman, 
2 car trimmers and brakemen Aver output, 1 250 tons per 10-hr day 

Cuban Mining Co, Cnsto, Oriente Prov, Cuba Data contributed m 1939 by F S 
Norcross, Jr, Gen Mgr The orebody, which occurs as a persistent bed of manganese 
oxides of vaiiable thickness, is overlam by 2-40 ft of tuffs, covered in turn by argillaceous 
limestone General dip of the formations is 14® N, but with steep asymmetrical folds, 
and normal and reverse faults with throws to 40 ft Principal working mine is an 
open pit, now 2 600 ft long by 1 000 ft wide (Fig 683) Orebody outcrops to S, and 
dips under heavy overburden to N W Original stripping was done by tram haulage, 
now generally superseded by the dragline Overburden now being remo\ed is chiefly 
along the N and W boundaries of the pit, where stripping may reach a depth of 120 ft, 
with a Bucyrus-Monighan walking dragline having a 4-cu yd bucket and 1 20-ft boom 
To early 1939, this machine has removed 90 ft of overburden along N wall and stacked the 
waste m a 65-ft bank (Fig 683) To provide dump area for deeper cuts, the previous spoil 
will be moved back by draghne recasting or a tower cableway, making a final bank say 
600 ft wide and 55 ft high At a depth of 90 ft, pit slopes are 1 1 m the limestone senes 
and 1 12m the softer tuffs The overburden requires little blasting, where necessary, 
5 20 -ft jackhammer holes ai e shot with 40-60% dynamite Operating data for the dragline 
per 8-hr shift are output, 1 000 cu yd when digging overburden to 90-ft depth, 1 500 cu yd 
when recasting an average of 200 ft back, crew, 1 operator, 1 oiler, 2 pitmen, power 
consumption, 600 kw-hr, maintenance and repairs, $6 Secondary stripping inside of pit 
limits, or #iiere overburden is shallow, is done by a 2 25-cu yd dragline, casting into adjacent 
mined areas. Ore production (1 000 to 2 000 tons per 8-hr shift) is handled by a 2-cu yd 
shovel and a 2 25-cu yd dragline with 60-ft boom. The 2 units work in combination so as 
(1) to maintain aver grade by mixing ores, (2) to adapt advantages of each machine to the 
varying conditions The shovel is used where the ore lies quite flat, it can dig harder ore 
(thus saving m blasting) than the dragline, which is used m irregular areas due to its 
greater flexibility and reach Ratio of shovel to dragline tonnage vanes between about the 
limits of 2 1 and 1 2, depending on extraction areas Ore is blasted with lines of 2-m 
holes (to 22 ft depth) drilled by jackhammers using chisel bits The holes are shot with 
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60% dynamite or rompe roca, depending on hardness of ore. Ore is hauled 1.3 miles to mill 
in yd dump cars. Gear-driven steam locos pull 9-car trains. Temporary pit tracks 
have grades to 6%; main entrance track to pit, a 4% grade. Operating data per 8-hr 
shift: for 2-cu yd shovel; aver output, 600 tons; power consumption, 470 kw-hr; main- 
tenance and repairs, $7; for the dragline, aver 500 tons; power consumption, 480 kw- 
hr; maintenance and repairs, $5. 

Stripping coal with draglines having buckets to 12-cu yd capac has been successful in 
the Middle West, although most work is still done by shovels, with dippers to 35-cu yd 
capac. Draglines have also replaced shovels at many anthracite strippings, especially on 
pitching outcrops. For stripping both kinds of coal, see Art 100. 



Sec E-E 


Fig 0S3. Open-pit Mining with Dragline, Cristo, Cuba 

Tennessee brown phosphate. Data from P. M. Tyler and 11. U. Mosley (33S) in 1939. For 
prospecting, see Art 6, lO-a. “Brown rock," the most productive of phosphates mined in Tenn, is an 
flinched residual product from weathering of nearly hon* beds of phosphatic limestone. In the 
bed of clay matrix, 2-20 ft or more thick, phosphate occurs m platy slabs, to 24 in thick, and in 
lumps and grains down to microscopic size. Overburden of clay and low-grade matrix ranges to 
20 ft or more, with few boulders. Where matrix is rich, 6 ft of overburden is profitably removed 
per ft of matrix; for lower-grade deposits, ratio is 3 : 1. Irregular pinnacles of unweathered rock 
sometimes project to surface; or, weathering enrichment may follow deeply into the original rock 
along joint planes. Under these conditions, considerable hand mining is entailed. In early days 
of hand mining exelusively, pieees smaller than about 1 in were discarded; now, with washers 
and flotation process, overall recovery from a matrix carrying 50-60% bone phosphate is 70-85% 
of phosphate content. Most STRii’Pimi and mining is now done by draglines of 1.5-4-yd capac, 
with 45 to 115-ft booms, shovels proved unsuitable (due to short reach) and all hydraulickmg has 
been abandoned. Except where bedrock is fairly even, the smaller scrapers are best. Caterpillar 
mounting is commonest, but “walking” draglines are being introduced. A cut is usually made 
across the minable area, the excavator standing on the stripped matrix and loading cars on the 
same level or on bedrock, if it is fairly even. Stripping from next adjacent cut is then dropped into 
the space previously occupied by matrix. When hand work is required around pinnacles or in 
bedrock cavities, the material may be shoveled into steel boxes to be picked up and emptied by the 
excavator, but it is usually throw'n into piles within reach of the scraper Haulage is usually by 
4-yd (3.76 dry long ton) Western side-dump cars, in trains of 12-20, hauled by coal- fired locos. 
At one important mine, producing 2 grades of matrix for delivery to different destinatiens, bottom- 
dump, 12-yd (12-ton) tractor trucks, on 18 by 24-in tires, have proved suitable; they are loaded by 
4-yd walking dragline, standing at top of bank. Costs Mechanization of Tenn mines has been 
less rapid than in the larger deposits in Plorida (Art 98) but is now nearly complete. Output of 
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phosphate per tnao-yr wbb 575 tons in 1037, 543 tons in 1029, 312 tons in 1010, and 207 tons in 
1909, by which year the richer, hand-worked deposits were largely exhausted. Costs vary widely, 
even at the same plant; following ranges, per dry long ton of cleaned product (aver 73% bone phos) 
are typical: stripping, 15-25^1; mining matrix, 20-40fi; transport to mill, 15-30}^; washing (exclud- 
ing dotation), 60-75^; drying, 50ji. Wages (1938) per hr: common labor, 30-40f5; dragline 
operators, 70-86^; loco engineers, SO-COjf. 

98. HYDRAULIC STRIPPING AND MINING 

General. Where feasible, hydraulicking is cheap and rapid for stripping alluvium, or 
for mining unconsolidated deposits. It requires large volumes of cheap water; see 
Art 4 and 123, and Sec 3. 

Rowe and Hillcrest mines, Cuyuna Range, Minn. Data from E. P. M’Carty in 1916 (348). 
At the Rowe mine, 1.6 million cu yd of fine glacial drift was stopped from a hematite deposit, lying 
considerably above a neighboring river, from which water for hydraulicking was pumped, the over- 
burden was about 20 ft thick. From the highest part of the surface, 81 000 cu yd of fine, free- 
running overburden were removed by ground-sluicing (Art 121). When the surface grade was so 
reduced that the return water no longer carried a full burden of soil, hydraulicking was begun, the 
resulting water and overburden being pumped to w-aste dumps by a centrifugal pump. Plunger 
pumps at the river furnished sluicing water, but were unsatisfactory for operating a monitor, which 
worked intermittently and could not be stopped without stopping the pumps. Final pump instal- 
lation included: Two 10-in, 2-Btage, centrifugal w'ater pumps, each direct-driven by a 200-hp motor, 
and having a capacity of 3 500 gal per min with nozzle pressure of 50 lb per sq in. Two 12-in centrif- 
ugal sand pumps, each belt-driven by a 250-hp motor Sand pumps worked against a head of 27 to 
40 ft, each passing 3 500 gal per min of water carrying about 10% of sand Pipes for water line and 
sand pump discharge were 12-in, spiral-riveted, of No 16 steel. The sand line had bolted connec- 
tions to allow deflections to 3® or 4® at each joint; the pipe wore rapidly at bends. For aver work 
a 4-in nozzle was used. Overburden could be washed on a grade as flat as 4%. The sand pump 
was stationary, and the momtor worked around it in a gradually widening circle, until a 4% grade 
was reached. With an aver depth of 64 ft, this limit was reached when the monitor had swept 
a circle 1 350 ft in diam. Working crew: 1 nozzleman, 1 motorman, 1 suction tender, to keep 
stumps, etc, out of the sand-pump suction; 2 laborers. Power cost, 1.26^ per kw-hr. Total 
stripping cost, 6.7^ per cu yd, including upkeep and office expense; wages, 30^350 per hr. 

At the Hillcrest mine, the conditions and installation were similar, but the work was heavier; 
the 12-in sand pump was geared to a 300-hp motor. Water pump gave a nozzle press of 70 lb. 


Table 84. Hydraulic Stripping at Hillcrest Mine, May to Aug, 1915 


First 4 mo of work 

May 5 to 
June 1 

June 

July 

August 

Totals and 
aver (c/) 

Total cu yd stripped 

77 704 I 

59 728 

68 195 

95 539 

232 971 

Aver cu yd stripped per shift 

1 728 

1 106 


1 592 

1 464 

Total possible working hr 


648 


720 


Total hr worked ... 

442.90 

497 75 

550.50 

639 83 

1 580 48 

Aver working hr per 12-hr shift i 

9 85 

9 20 


10 65 

9 ‘)4 

Water need (a) j 8^1 Pef 

3 606 

2 740 

3 240 

3 580 

3 330 

( miner s in (6) 

322 

244 

289 

480 

297 

Duty of water (e) 

10 7 

9 07 


6 64 

9 86 

% solids in sand-pump discharge . 

16 4 

14 8 

13 0(c) 

13 2(c) 



(o) For actual working time, (b) 1 miner’s in == 15 cu ft per min (r) Allowing for 200 gal 
per min seepage into the pit. (d) Omitting July, (e) Cu yd per miner’s inch per 24 hr. 


Table 85. Causes of Delays and Shutdowns (referring to Table 84) 


Note. Delays are in 
hours 

May 5 to 
June 1 

June 

1 

July (c) 

August 

Total (d) 

%, of 
total (if) 

Work on pipe bne 

12.78 

54.42 

57.25 

50.25 

117 45 

36 8 

Repairing pui^ 

29.33 

72.67 

30 58 

n.oo 

113.00 

35.4 

Hot thrust-baiting . . ^ . , - - - - 

36.48 

3,42 

0.50 


39.90 

12.6 

Setting up pumps 


10.83 

10.83 

3.4 

Power off 

^.50 



8.08 

12.58 

3.9 

Miscellaneous 

5.42(a) 

’ 1*9. 75(6) 

1.50 


25. 17 

7.9 

Total 

88 51 

150 26 


80.16 

318 93 

100 0 


(a) Includes packing pump, 2 hr; inspection and chanjdng pump runner, 3.33 hr. (b) Includes 
16 hr lowering scow, (c) Delay record incomplete, (d) Omitting July. 


The above work showed the economic limit for profitable hydraulic stripping to be 
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sharply defined; operations can easily be carried to a point where the labor required over- 
balances the clieapness of the method. At the Rowe mine, a 6 to 8-ft layer of tough clay, 
sand, and boulders was left on top of the ore, to be cleaned up by steam shovels. Hydraulic 
stripping in this district saves considerable in original investment. Disadvantages, as 
compared with power shovel work (Art 96) : (a) stripping must be completed, at least over 
a large area, before mining can begin; (b) the equipment is useless for subsequent mining; 
(c) operations must stop in very cold weather (349). 

Florida pebble phosphates. Data contributed in 1926 by K. C. Browne, with revisions by C. A. 
Fulton (148) in 1936; see also Bib (360). The nodules, from microscopic grains to 1 in diam, occur 
in hat beds in a clay-sand matrix. Thickness of deposits, max 40 ft, rarely over 26 ft; minimum 
workable, 6 ft; area, to several hundred acres; they lie on a clay bed, and are covered by 1 to 60 ft 
(aver 20) of sand and alluvium containing limestone boulders. The nodules form 16-25% of the 
phosphate matrix. Stripping, formerly with steam shovels, later by hydraulicking, is now wholly 
by draglines. These are usually elec driven; bucket, 4-9 yd; boom, 100 ft or more; caterpillar 
mounting is commonest, but "walking” type and wheel trucks are also used. The out is usually 
210 ft wide, and may be 0.6 mile long; an 8-yd machine digs about 600 cu yd per hr, dumping into 
exhausted adjoining cut, and moves 60 ft backward after about 3 shifts. Dragline also dig8.30-40% 
of stripped matrix, from side nearest spoil bank, dumping it on top of undisturbed bed. During 
1934, an 8-yd dragline, working 4 168 hr out of a possible 8 760 hr, moved 2 471781 cu yd at 
cost of 0.74^ labor, 0.45^ power (0.555 kw-hr), 0 64^ supplies; total, 1.83^ per cu yd. Mining. 
At 200-400 ft behind stripping face, matrix bed w hydraulicked by monitors through bedrock 
ditches to a sump, whence it is pumped by centrifugals to washing plant. Water is supplied to 
monitors, through 12- and 8-in spiral-welded pipe, by turbines, usually 1 pump to 2 monitors. 
Pumps are 2-etage, direct-connected to 400-1 000-hp motors, and deliver 2 000-6 000 gal per min 
at 175 to 226-lb press. Large units use S-phase, 60-cycle, 2 300-volt ac. Nosxles are 1.76-2.5 in 
diam A monitor with 2-in nosile, at 200-lb press, discharges about 2 000 gal and moves 2 ou yd 
of matrix per min. When distance to face reaches 126-175 ft (m about 6 shifts) monitors are moved 
within 25 ft of face, a move of entire equipment, including blasting new sump and bedrock ditches 
(holes previously drilled and loaded), takes 1-1.5 hr. Bedrock ditches have grades of about 3 in 
per ft; at which, to prevent clogs, there must be 6 or 6 of water to 1 of matrix (by wt). At sump, 
a 10 to 12-in volute oentrif, with 12-in suction pipe, is direct-connected to 160 to 300-hp, variable- 
speed motor, running 300-600 rpm. C-I pump runners, 30-38-in diam, have life of about 250 000 
cu yd, steel discharge lines are 10 to 14-in outside diam. If distance to washing plant exceeds 1 500 ft, 
one or more relay pumps are connected to discharge line, increasing cost of operation by about 1^ 
per ou yd for each relay. Practice tends toward large pits and fewer washers; pulp has been moved 
0 75 mile by 3 pumps in line. One large mine in 1934, working 4 413 hr out of a possible 8 760 hr, 
mined and pumped 1 025 000 ou yd of matrix an aver distance of 3 000 ft at cost of: 4.72^ for labor, 
4 62^ power, 1 75^ supplies, 0.99^ miso; total, 12.08^ per cu yd. Matrix bed averaged 8 46 ft thick. 
Following data (657) are aver for 1925 to 1935 inclusive, from 4 companies together producing half 
the total output of State since 1925: cu yd overburden per cu yd matrix, 1.78; ou yd matrix per 
long ton phosphate, including that recovered by flotation, 4.10. 

Golden Ridges mine, New Guinea. Data from £. B. Jensen (333) in 1935. Orebody is a 
blanket formation lying on volcanic breccia and overlain by (max) 65 ft of decomposed porphyry; 
ratio of overburden to ore, about 3:1; top surface of ore is very irregular. Overburden is loosened 
by blasting and removed by hydraulicking; ore is then quarried at vert face and scraper-hoisted 
to mill bin. Blast holes arc 5 in diam and 44 ft deep (for aver 40 ft of overburden), spaced 20 ft 
in a row 26 ft from edge, and drilled by hand-actuated (6 natives) spudding bit and stem weighing 
286 lb, at aver speed of 3 ft per hr. Holes, sometimes chambered, are loaded with rack-a-rock 
(potassium chlorate saturated with nitrobenioi just before loading), about 1 lb per 5 cu yd, esti- 
mating back break of 12 ft behind holes, and fired with Cordeau, usually 5 at a time, breaking about 
6 720 ou yd. Sluicing water, via ditch, flume, and tunnel, is conducted to any one of 3 monitors 
through 300 ft of 10-in and 300 ft of 8-in, spiral-riveted pipe with stove-pipe joints. Section lengths 
are 10 ft on straight lines, 5 ft on curves. Static head at monitor, about 130 ft; 2-in noixle, deliv- 
ering 1.5 cu ft per sec, is best; with sluice grade of 1 6, that amount of water will move 50 cu yd 
per hr of freshly loosened overburden. To save excessive wear in sluice boxes, sluicing is best done 
over the rock bottom. 


99. GLORY-HOLES (See also Art 37) 

General. Fig 684 shows glory-hole work iu a wide vein. Drift D is 60 to 100 ft below 
the surface, with raises H to the surface. The ore around each raise is "milled” into it, 
forming a funnel-shaped pit F, and is loaded through chute-gates into cars on level D. 
These pits are glory-holes, mills or millholes, and the method is called milling in some 
districts, as on the Lake Superior iron ranges (see Mesabi, below). The sides of glory-holes 
are kept steep enough for ore to slide to the raise. Ground is broken underhand; faces may 
be cenried in benches, for convenience in setting up drills. When broken ore will no 
longer slide, due to flattening of the pit wall, a now cut is begun at the raise. 

Unsystematic breaking of ground may result in very steep slopes, diflScult and danger- 
ous to work. When working on steep slopes, drillers should be supported by ropes and 
safety belts; jackhammers are practically the only drilling machines for such oonditions. 
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Adjacent glory-holes intersect as they are deepened. The ridges remaining between 
the holes when the level is reached may be milled through short raises put up in them, or 
they may be quarried and loaded out by hand. Raises often clog, causing costly delays. 
Grizzlies of timber or old rails are sometimes placed near their tops, to catch boulders to 
be broken (compare Fig 372, Art 59; see also Mesabi and Fresnillo, below). The proper 
interval between raises depends on their height, the shape and size of orebody, and the 
angle on which broken ore will slide; raises should be spaced so as to balance their first 
cost against cost of removing the ore in the ridges between the holes. Raises 30 to 50 ft 
high give less trouble from clogging than higher ones. 

Limitations. Glory-holes may be adapted to masses or thick beds (see examples 
below). The ore should slide on moderate slopes and not pack in the raises. Bad weather 
seriously hinders the work; wet ore and water give trouble in raises; snow and ice make 

work on steep slopes doubly dangerous. Sur- 
face water must be kept out by ditching. The 
work is dangerous in veins (Fig 684), unless 
the walls are strong; loose slabs are barred 
down before they become inaccessible, but 
their menace always limits the depth of the 
glory-holes. This danger and trouble with 
hung-up raises are the chief DiftADVANTAc;E8. 
The great advantage is in providing cheap 
handling and loading, in connection with the 
cheap breaking common to open-cut work. 

Alaska Treadwell mine (105). For ore occurrence and underground methods, see 
Art 68. In the first 6 years of its life (1890-1896), the entire production was from glory- 
holes; the resulting excavation was 1 700 ft long, 450 ft deep, with a max width of 420 ft. 
This work was stopped in 1906, because of a large slide of rock from the footwall and the 
necessity of leaving a pillar of ore to protect projected lower workings from surface water; 
the great depth made the danger from falling rock excessive. Glory-holes were started by a 
raise from an intermediate level, generally directly over a chute-raise. A stope, 20 to 30 ft 
high and covering 3 chute-raises, was opened around the bottom of the raise, for storage 
and to serve as a bulldozing chamber for breaking boulders which would block the chute- 
raises. The glory-hole faces were opened in a scries of benches around the raise; so far 
as possible, large boulders were sledged in the pit. Piston drills, 3.25-m, made 12-ft holes. 
In small pits, where setting-up was easy, from 150 to 200 tons were broken per 10-hr drill- 
shift. As the pits grew larger and the sides steeper, setting up was more difficult and the 
output decreased to about 70 tons per 10-hr drill-shift. 

Copper Queen mine, Bisbee, Ariz. Data from G J. Young (341) in 1930. Ore remain- 
ing in bottom of Sacramento open pit, when depth became uneconomical for mechanical 
loading and loco haulage, was recovered by glory-holing through raises to grizzly and 
bulldozing chambers 130-145 ft below; pockets under grizzlies discharged through arc- 
gate chutes to main haulage level, 93 ft lower. For details of grizzly chamljers, see Bib 
(341). Floor of pit, 400 by 450 ft, was divided among 11 vert raises, 10 by 10 ft, in 2 con- 
centric circles (Fig 685). Drills employed: (a) Cyclone, gasolene-driven churn drills, 
working at top of bench and only far enough back from edge to insure firm footing; 6-in 
holes, 60 ft deep, spaced 18-23 ft; chambered 3-5 times, to take final charge of 400-500 lb 
of 40% gelatin (in wet holes), or No 2 quarry special; stemmed to depth of 25-35 ft, 
(6) tripod-mounted, Sullivan T3, working in niches on 45° slopes of pit; holes 18-25 ft 
deep, starting at 2.5 in; (c) jackhammers for blockholing and cutting niches, drilling 
holes to 16 ft deep. All holes fired elec. Heavy blasting did not entail excessive block- 
holing, due to fractured condition of ore. Max output, 2 500 tons per day ; aver, 100 tons 
per man-shift. Crew: 6 drillers, 6 helpers, 4 blasters, 1 nipper, 1 pipefitter, and foreman. 

Mesabi Range, Minn (35, 183, 275, 351). See Art 10-b, 71, 96. The milling system 
is used here in deposits which can be profitably stripped, but are too small to warrant the 
investment for power shovels, or are so situated or shaped that power shovels and loco- 
motive haulage are impracticable. Milling is also used to recover ore from deep portions 
of power-shovel pits, inaccessible by R R tracks on economical grades. Plan op wohk. 
A shaft is sunk outside of the orebody, with levels 50 to 100 ft apart; the 1st level is usually 
60 to 70 ft below the top of the ore. Fig 686 shows a favorable layout of levels for deposits 
of large area. The elliptical main haulageway H facilitates motor-haulage; crosscuts 
C are 40 to 50 ft apart. Untimbered raises iiJ, 4 by 4 ft to 5 by 5 ft, are put up to the 
surface every 40 to 50 ft, with chute-gate at the bottom of each. Another plan is to 
drive on each level a rectangular system of drifts, connecting with a main haulageway. 
In vein-like deposits, a central drift is driven with crosscuts to walls at 50 to 100-ft intervals, 
from which raises are out ud. 
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Fir OSo. Distribution of Glory-holes, Copper Queen Mine 


Several mill-holes are opened simultaneously, to provide numerous working places. 
After sUirting a null-hole, the sloping faces are attacked first at the raise; alternate blasting 
and picking-down proceed up the slopes; 
when the ore will no longer nin to the raise, a 
new cut is started. Mesabi ores break small, 
and run readily on 45® slopes; in dry weather, 
on 3S®. Slabs are barred down after each 
blast, by men suppoited by ropes; ropes are ^ 
also left hanging in mill-holes for men to 
grasp in case of a .sudden slide of ore into the 
raise. Ktlic of milling increases with size 
of the null-holes. liaises often hang up, 
especially wdien starting mill-holes. Clogs 
are lessened by breaking large boulders 
before they reach the raise, and by drawing yy 
the ore down fretiuently before it has time 
to pack. At Monroe mine, sub-drifts were 

fluven above the haulage level, connecting plan np i pvri 

all raises and giving opportunity for barring LEVEL 

down clogs; iiuiin-levcl dnfts arc sometimes — 0,1 t 
2 sots high at rnisi's, to facilitate barring. 

At the Iioquois mine, a chain or wire rope Stripped overburden 

hanging in each raise was raisc'd by a small r 

hoist and pulled down by men on the level, ^ 

in case of a clog. High raises are more apt w/<\ xAWM// 

to clog than shorter ones; at the Jordan mine, ■//// 

a decrease in height from 85 to 30 or 40 ft 'Z'ZAa 

materially reduced delays. Tapering raises 

have Ijeen tried, but it is difficult to de.sign KteveC 

chute-gates that will prevent ore from collect- 

ing on the sides of the raise and destroying ^ VERT SEC WV 

it8 taper. Production from milling U usually Fig 686. Milling System, Mesabi Range 

irregular, being influenced largely by the (Diagrammatic) 

weather. Heavy rain stops work and washes 

out gullies on the sides of the mill, which must be filled by broken ore before resuming 
regular operation. Ilains also block the raises with fine ore and water, which, on opening 


-Stis'iaj Sur6ioe_ 

Stripped overburden 


VERT SEC Vi'V 

Fig 686. Milling System, Mesabi Range 
(Diagrammatic) 
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Ridses inclined' 
to reach old 
working# g) 


LONGIT VERT SEC THROUGH LEVEL A 

*> \ 




i,00ft-r-l»LAN-'i ^ \ 

Fig 687. Glory-hole Work, Fresnillo, Mex (640) 




the chute-gates, often rushes into the level and obstructs tramming. When the ridges 
between adjacent mill-holes approach the level they are tapped by short raises. Power 

shovels have been used at 

F«n«r ,u«ri-. some mines to dig this ore 

-c' A i/-- |. ongi- 

' '”1 nal mill-holes. Advan- 

/V /V TAGE8 of the milling sys- 

tern, compared with shovel 
mining: (a) a smaller 

' p/' J^^iY^iv'rrrriPii,it.T.grw^-f»^ equipment cost; (6) a re- 

lUises inclined' LONGIT VERT SEC THROUGH LEVEL A duction in initial invest- 

to reach old L/ . ^ ment, because a relatively 

working# .. w.*tart'>L- ' ^ small amount of stripping 

\k y a '^ # exposes enough ore to 

^_— \ Catillu start production; (c) 

/^— w-i 60 ft-a^\w «' ft # — '^) worked-out mills serve as 

J i i I - J ^ ' J" ^ dumping ground for waste 

I ^ . \%.^ \ 1 rk \ stripped from adjacent 

• * I I li I ill 8 ^ ■ ' i i '^ ■ Vfl ^ ft areas; (d) the approach 

I U -f I ji ^ A' T-— often costly in 

H shovcl mining, is elimi- 

.1 — - ^ j ^ '^$5**''^ nated. Disadvantages: 

1*00 ft - r-i»LAN - ' i \ (a) high cost of hoisting 

^ O. 0 ^.W. WO* F,-.i„o. M.. ,«., *■«»■> o7"3r tiS 

however, that many shovel 

pits require drainage shafts) ; (6) danger of flooding the mills with sand and shme during 
storms; partly controllable by surface ditch- ^ 

ing. Cost of mining ore by miling is higher ^ 

per ton than from shovel pits of reasonable 

capac, and lower than from top-slicing (Art ^ o& 

71). Duty of labor is high, up to 25-30 tons ^ 

per man-shift or more. g l j I ^ 

Fresnillo mine, Zacatecas, Mex. Data from ^ ^ 1 

T. C. Baker in 1923 (640), with additions from ^ jr^U--X5'-^ 

A. Livingston (661) in 1932. For ore occurrence ^ 3 ^8r->§5!, 

and early method, see Art 95. Glory-hole method ^ = I E?? J 

was selected instead of power-shovel work be- ^pfcj j g.c[ s ES:; Ss 

cause: (o) its simplicity was suited to local labor *1 - 16-1 

supply, foreign skdled labor being required 1 ' JI^A 

power shovels; (6) reserve of broken ore could ^ R R'lifilfirtlii.- aT i 

be kept in glory-holes to insure continuous mill ]] | in" . ^ , .7^ ! ^ ^ 

operation; (c) multiplicity of working places ^ u| { S* 

aided in maintaining uniform grade of mill feed. | U j 

These advantages outweighed a slightly cheaper ^ 3 S' § [| | 

estimated mining cost and better opportunity for ^ 3 ^ *g i 

selective mining by power shovels. Develop- J 1} <-3 1® ! 

WENT. Parallel drifts, 10 ft wide by 9.5 ft high = j 1^3^ n ^1 Top of rail 

and 130 ft apart, were driven under the orebody 

from adit A (Fig 687), which was at lowest elev ‘ y£pj $£(J 

that would leave room below portal for a millsite; 

bottom of main orebody was 20-60 ft above this "r^Ri I t 

level. Raises, 10 ft diam, were put up to surface ^ 

(125-200 ft above) at 150-ft intervals along drifts, Wm N 
each having a double loading chute, 100-ton ore 

pocket, grisxly and bulldozing chamber (Fig 688) ; . 

no timber required in raises and ore pockets. Blockh*lin «- 1 1 

Ultimate output was 313 tons per ft of develop- chamber - I Gri^y "i ' r p 

ment. Mimno. Glory-hole benchee were 9 ft , 2 | 

high. Ground broken with vert holes, ^ drilled | | 88 fcfe,^r,- ij s y ^ 

by dry jackhammers; spacing, 3.5-4 ft; burden, iLaCTi i iJw iiiwi a^ 

3.6-5 ft; depth, 9-10 ft; aver speed, 120 ft per j I p AN 

8-hr drill-shift, contract price, 2. 8-3.6^ (U 8) » iij • r.. , » k 4 j 

per ft. Aver charge per hole, 1.61b “Durox.” Fig 688. BulIdOTing Chamber, Pocket, and 

About 6 tons of ore were broken per Ib explosive. Chute, Freanillo, Mex (640) 

0.107 cap and 1.2 ft of fuse used per ton Com- 
paratively close spacing and shallow depth of hole proved cheaper in total cost (including block- 
holing, clogged raises, etc) than deep hdes and heavy charges. Best slope for sides of glorv holes 
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Fig 688. Bulldozing Chamber, Pocket, and 
Chute, Fresnillo, Mex (640) 
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found to be ore remaining between bottoms of 

glory-holes, when slope decreased to 35°, was removed in 
horis benches with barrows. Aver output, over whole oper- 
ation, 130 tons per drill-shift, or 8 000-10 000 tons per gris- 
tly per mo (3 shifts). Haulage was by elec loco, in 9-car 
trains of 10-cu yd oars. For mining waste, the raise affected 
was emptied of ore; waste was loaded from chute-gates 
into smaller cars. Total cost of equipment (much of it 
bought during high-price post-war period), and buildings 
for producing 3 600 tons per day was approx $140 000; 
this shows comparatively low initial investment for 
glory-hole work. See Bib (040) for comprehensive data on 
detfi^. 


Table 86. Aver Data, FreaniUo 
Glory-hole Pit, 1921-1926 


Man-hr per ton ore: 

Breaking 0.332 

Secondary blasting. . . .129 

Transportation 129 

General and surface. . .037 

0.627 

Power, kw-hr per ton.. . 2.010 

Explosives, lb per ton . . 0.217 

Timber, bd-ft per ton . . 0 070 


\\\ //4 


rndeicut stope 


Mt Isa, Queensland. Data from J. Kruttschnitt and V. I. Mann (500) in 1937. For 
ore occurrence, see Art 43. Upper and oxidized portion of Black Star lode, glory-holed to 
160-ft depth, was 1 100 ft long by 200 ft wide at middle of lens, which dipped 66°-60°; nar- 
row ridge of high ground on hanging-wall side was leveled off first. Outcrop length was 
about evenly divided among 7 raises, each connecting through grizzly chamber and ore 
pass with main haulage level on footwall 400 ft lower (Fig 689). Benching around top of 

raise was done with jackhammers, 
^^les 6-16 ft deep; miners, on day 
\ _- V - V ■ ! / // //^ .. ^ shift only, had to wear safety belts; 

^^^\\\\ M'' / / f /j0 ladders provided for access. Aver 

-rtj / slope of walls, 60®. All holes 
Cut*<)fE — chambered; explosive producing 
Cente? best fragmentation was slow-acting, 

headl^ng~7 7j^S^SSM ^5 ^^ ammonia-base dynamite. Tri- 

1200 ^ angular remnants between bottoms 
glory-holes were mined (Fig 689) 
^ ^ ^m^ -Grizzly by transverse sub-level open stopes 

^ with ring-drilled pillars like those 

Ore <1 y later adopted in wider parts of the 

No. 20/ sulphide orebody at lower levels 

Wt "‘liool (Art 43), The 15-ft pillars between 

^ stopes 30 ft wide proved inadequate 

to support hanging wall (weakened 
MJM by undisclosed fractures) and caving 

M/ occurred when about 60% of the 

^ remnant ore had been removed; 

No. ^000 drawing of crushed ore was con- 

I tinned until dilution by wall rock 

No. 4 Haulage lovel , ^ t \ 

,, X ^ xx L 1 - 1 xrx T became excessive. Cost of glory- 

Fig 689. V,rt tjjrou^plory-hole. Mt I,a, 270 063 tons in first half of 

1933 was: labor and supervision 
(mining 61%, transport, 39%), 32,9ff; drills, steel, and comp air, 5.1^; other power 
(mainly transp), 6.2^; explosives, 7.4ff; timber and other supplies, 3.2^; total, 53.8^ per 
short ton. 


No. 4 Haulage level 

Vert Ooes-aeo through Glory-hole, Mt laa, 
Queensland (500) 


Round Valley tungsten mine, Bishop. Cal. Example of small -ecale work described by W. O. 
Vanderburg (637) in 1935. Deposit of contact-met amorphic limestone, contaimng scheelite and 
averaging 0.5% WOg, is 125 by 2(X) ft in area. Working level, at bottom of 75° inclined shaft 
1(X) ft deep, has 7 raises, 5 by 6 ft, up to pit bottom. Drilling with dry jackhammers; blasting with 
40% gelatin and fuse, liaises are kept full of broken ore, to hold back large blocks until they can be 
bulldosed; some hand shoveling required. Ore from chutes is trammed by hand and hoisted by 
skip. Crew of 11 men produce 120 tons per single-shift day, at total working cost of 76.3^ per ton. 
Unit costs per ton: all labor (40% on breaking), 0.799 man-hr; power 1.9 kw-hr; explo- 

sives, 0.33 lb. 

Tunnel method. Data from D. T. Farnham in 1914 (352). This is a variant of glory- 
hole work, for securing cheap loading costs in open cuts without putting up raises. A shale 
quarry at Renton, Wash, is illustrative (Fig 690). 

The quarry face was 700 ft long by 150 ft high; output, about 700 tons per day; small output 
and high working face rendered powcrnshovel work inapplicable Heavily timbered tunnels T 
were driven from the quarry floor into the face, and 6 by 12-in timbers, 8 in apart, were placed on 
the caps to form a griiily. Hopper gates (Art 90) were built between sets. The tunnels were 
about 25 ft long, 5 sets being kept in the solid, and 7 or 8 sets erected outside. About 20 tunnda 
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were driven 20 ft apart along the face. 


ft and Gravel 


VERT CR08S-8EC 
THROUGH QUARRY FACE 


The bank was then blasted down, the grisslies being first 
covered with 3 by 12-in plank 
and a 2 or 3-ft layer of shale; 
from 2 000 to 3 000 tons were shot 
down in 1 blast on a group of 3 
tunnels. The planks were then 
removed from the griaalies, 1 or 2 
at a time, starting at the outer- 
most set; the broken shale was 
bulldozed as necessary and worked 
through into cars below. The 
ridges of shale between the tunnels 
were loaded by hand. A 3-man 
crew loaded 2.3-ton cars and 
trammed them 200 ft at an aver 
rate of 1.9 cars per man per hr in 
summer and 1.7 per hr in winter, 
or 4.37 tons per man-hr. Before 
using tunnels the duty of labor, 
in loading 2-ton cars by hand from 
the quarry floor on a 100-ft tram, 
was 2 tons per man-hr. Same 
method is still followed in shale 
deposits at Renton and elsewhere 
in Northwest, and is common 
practice in the steeply pitching lenticular limestone bodies (in rugged topography) characteristic 
of the region. 



Fig 690. Tunnel Method, Renton, Wash (Diagrammatic) 


100. STRIP MINING” OF COAL 


Open-cut mining of coal is termed “strip mining,” or “stripping.” In U S, under suita- 
ble conditions, both hard and soft coals are thus mined; in 1937, U S Bur Mines statistics 
show that 7.1% of total output of bituminous (26% of that in the Mid-Western field) and 
11% of Penn anthracite were obtained by stripping. 


(a) Bituminous Coal 

Data kindly supplied by M. M. Moser, Vico Pres, United Electric Coal Co, in 1939. 

General. Production of bituminous coal by stripping has become important in recent 
years, especially in Mid-Western fields. Seams quite near the surface, to which under- 
ground methods are inapplicable because of thinness of seams and the roof conditions, 
are successfully stripped; they are from 18 in to 8 ft thick. Depth and nature of overburden 
are variable, but depths to 9^ ft have been profitably removed. Topography of stripping 
areas and the coal seams are both generally fairly level. In spite of the apparent simpluuty 
of stripping, systematic prospecting, familiarity with technique, long-range planning, 
proper equipment and well trained mechanical organization are essential. Quality and 
thickness of coal, character and depth of overburden, distance from pit to preparation 
plant, and freight rates to markets, are important. Costs vary widely, depending chiefly 
upon character of overburden and thickness of coal. In some areas, hard limestone, requir- 
ing blasting, overlies the coal; in others, overburden is mainly alluvium. The economic 
ratio in Mid-West fields is about 10 ft of overburden per ft of coal. Proper drainage is 
important in a strip mine, which is often 60-70 ft deep; heavy rainfalls can cause serious 
damage to equipment and completely paralyze operations. 

Stripping methods. In 1939, 3 systems of stripping were practiced in Mid-West coal 
fields. Fig 691 shows a mine employing a single stripping shovel, advancing in direc- 
tion of the arrow, and removing overburden A which, if of rock or shale, has been loosened 
by blasting. The shovel crawlers rest on the cleaned coal seam. Stripped material goes 
to a waste bank B, piled in the cut from which the coal has been taken. The toe of 
waste bank rests against edge of coal seam, and its far side lies on bank C of the previous 
cut. The cross-sec in Fig 691 shows the relation between depth of overburden A, 
width of coal seam D, height and slope of waste banks B and C. The largest shovel 
in use in 1939 has a 32-cu yd dipper; boom lengths, up to 125 ft. Stripping by shovel 
(as of 1939) is limited to depths of about 60 ft, depending on lengths of boom and dipper 
handle. Volume handled by a large 30-cu yd shovel is about 1 250 cu yd per hr. The 
uncovered coal is blasted and loaded by smaller shovels (0.5-6 cu yd) into trucks or 
E R cars. 
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Fig 692 shows working positions of machines in a tandem btbippino operation, using 
a shovel in conjunction with a dragline; the crawlers of both rest on expos^ coal. Work 
progresses in direction of the arrow, shovel E removing block C, the top of which has 
been previously benched by dragline D, The dragline benches the cut B, preparing it 
for next trip of the shovel; the material is earth, clay, or shale. The 2 macMnes handle 




nearly equal amounts of overburden. That of the dragline is piled in a windrow F behind 
and above the rock (?, which has been stacked by the shovel (Fig 692). The draglines 
have buckets up to 14 cu yd, with 160-ft booms. Overburden 90 ft deep has thus been 
well handled. Fig 693 shows a single dragline on a bench about one- third the depth 
from surface to the coal. A walking dragline is preferred because more manageable on 
poor footing. The loading shovel follows the dragline, as shown. When stripping 



Drasrllno CL CL Shovel 

Fig 692. Stripping Coal Seam with Power Shovel and Dragline 

effic by eliminating trackage along the berm or coal surface on which the shovels must 
travel. Shovels are thus able to operate nearer the toe of spoil banks, and with a smaller 
swing angle. Truck haulage also eliminates cost of track shifting. Trucks used at strip 
mines are of 6- to 25-ton capac. Tractor-trailer units have handled up to 80 tons per trip. 
For details of equipment and methods at several mines, see Bib (680). 

(b) Anthracite Coal 

Data from H. H. Otto in 1931, R. D. Hall in 1935, H. N. Eavenson in 1936, and 
others (671). 

General. Strip-mining in anthracite fields has recently advanced notably in tonnage, 
area of individual strippings, and depth of cover removed; it is applied both to virgin coal 
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and to outcrops where much of the coal has previously been mined from below. When 
steam-shovels were first apphed, in 1881, max economic limit of overburden was held to be 
1 ft per ft of coal, by 1911, the ratio (with 60% rock in overburden) had reached 3.1, m 
1936, ratios were 7 1 Crystal Ridge stripping (begun 1926 and fijushed 1934), 2 700 ft 
long, 600 ft wide, 165 ft deep, moved 6 200 000 cu yd of overburden to recover 666 000 tons 
of coal. Summit Hill stripping (begun 1926) moved 7 300 000 cu yd of overburden and 
marketed 2 200 000 tons of coal during its first 10 yr, and will eventually have moved a 
total of 13 000 000 cu yd to recover 4 600 000 tons of coal 

Increase in the profitable ratio of overburden to coal has been due to cheaper excava- 
tion by draglines and power shovels, automotive haulage, and the abandonment of inchned 
planes for hoisting In nearly flat seams, back-filling similar to that used m bituminous 
beds is practicable (see Clinton colliery, below) In steeply pitching seams, involving 



deep and narrow strippings, hack-fillmg is raielv possible, except where overburden from 
one end can be dumped at the other end with some saving in haulage Dragline excavat- 
ois have Ix'cn loss rapidly adopted m the northern field, where the wider strippings make 
haulage of some kind unavoidable, and shovel loading more generallj applicable 

Flat seams Clinton colliery, in the northern field, has a nearly flat bed 65 in thick 
containing 50 in of coal, under aver 25 ft of overburden (half sandstone, and half earth) 
Stripping area, 28 3 acres, overburden, 1 112 000 cu vd, coal, 174 000 tons A Monighan, 
Diesel-driven, 375-ton W'nlking diaghne excavator, with 160-ft boom and 6-yd bucket, first 
uncovered the outcrop by a trench 130 ft wide at top, 75 ft at bottom, depositing spoil, 
without other handling, in a pile 65 ft high and 70 ft back from edge Rock w'as broken with 
jackhammer holes staggered at 8-ft spacing in parallel rows, loaded with 40% gelatin 
(0 5 lb per cu yd) and fired elec, 100 at a blast, broken rock removed by same excavator 
Coal was loosened with black powder, and loaded into mine cars by Diesel, 60-ton Bucsmis 
shovel wnth 1 26-yd dipper. Haulage by 20-ton gasolene locos out of pit, thence by mine 
locos to tipple. After extracting coal from first trench, another slice was taken, depositing 
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Bpoil in space just made. Max operating force (excavator working 2 shifts), 27 men, of 
whom 9 were on part-time. In 2 mos of 1931, 163 700 cu yd (about l/s rock) were moved; 
delays, 5% of working time; while swinging 180°, aver time was 1.5 min per cycle. 

Pitching seams. For these, draglines with buckets of 5 to 12 cu yd have advantages of: 
(a) long casting reach; (6) permitting steep banks, since only the bucket is endangered by 



Fig 694. Railroad Shovel vs Dragline Excavator, both removing 28 ft of Cover 


slides; (c) avoiding possibly 50% of the excavation required by a shovel for bench and load- 
ing roads; (d) recovering some coal not otherwise obtainable, as from partially mined out- 
crops. Fig 694, from R. D. Hall, shows a suppositious but typical case; Fig 695, a dragline 
installation where a 67° face was permissible. In some cases, the same diaglino is employed 



on both overburden and coal; in others, coal is loaded by shovel or another dragline. Rock 
is generally broken with unchamberod, 6-in, churn-drill holes; above a previously mined 
bed, holes are usually placed only over pillars. For transport, tractor-trailers, and trucks, 
have largely replaced locos and cars, due to (a) saving in track laying, moving, and main- 

j. - 1 u.. U..1U 1 1 _j. j , „ . « 
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moving gang; (&) smaller capital cost; in rush seasons, trucks can be rented; (e) steeper 
grades (to 16 or 20%) and sharper turns permissible; (d) less working space required 
around loader; (e) more continuous loading is usually possible; (/) automotives easily 
shifted from one job to another. Following examples illustrate strippings on pitching coal. 

Summit Hill. For yardage and tonnage, see above. Coal 60-400 ft thick, latter due to folding; 
only upper part will be stripped. Equipment: for overburden, 1 Bucyrus 320B, elec shovel, 
7.6-yd, and 2 Bucyrus 120B, elec shovels, 4-yd; for coal, 1 Link-Belt K56, gas-elec dragline, 2-yd, 
and 1 Marion 37, elec, convertible shovel-dra^ine, 1.76 and 1.6-yd; 19 6-in churn drills, 12 elec, 
7 gasolene driven; 2 wagon drills; 36 standard-gage, 30-yd, side-dump cars for spoil; 10 geared 
locos, 60-66-ton; 6 rod locos, 38-66 ton. Coal loaded into R R cars on track at 3% max grade. 

Crystal Ridge (Mammoth seam). For yardage and tonnage, see above. Stripped with Bucyrus 
7.6-yd, elec shovel; waste hauled 6 900 ft up 3.6% grade to dump in 30-yd cars; coal loaded with 

3- yd elec shovel. Same stripping later extended 70 ft, with dragline having 3.5-yd bucket for clay, 

4- yd for rock, casting and re-casting into old pit. Totals: 27 300 cu yd clay, 73 600 yd rock, 13 600 
yd caved material from old rooms, to yield 46 200 cu yd coal loaded by shovel into trucks. 

Hell’s Kitchen. Primrose virgin coal, 30 ft thick, dipping 30®; removing 1 300 0(X) cu yd over- 
burden uncovered 514 000 tons coal. Stripped with 2 Bucyrus 70C steam shovels loading 4-yd, 
side-dump cars, hauled up 3% grade by 2(>-ton steam locos. Coal loaded by one of the above 
shovels, or a 1.5-yd gasolene shovel, into mine cars. 

Lansford. Mammoth seam, 65 ft thick, dipping 60®, previously imned. Outcrop exposed for 
6 000 ft; stripped to 66 ft deep, both walls sloping 60®. Shovels, 2.5-yd in rock, 1.5-yd in coal, 
load Mack trucks dumping into tops of old rooms connecting with haulage level 360 ft below. 

Richards. Synclinal fold with dips of 43° and 64®; pit 130 ft deep in 1934, expecting to reach 
1H4 ft. Coal in 3 splits, uith slate and sandstone partings 4-5 and 10 ft thick. Marion 490 shovel 
loads trucks which climb ramps along sides and across ends of stripping. 

Wm Penn, at Shenandoah. Mammoth seam in 2 splits; parting wndens from 40 to 180 ft 
within length of stripping. As dip is in same direction as slope of bill, outcrop of top split, 14.5 ft 
thick, lies downhill from that of bottom split, 17 6 ft thick, and its stripping advances ahead of the 
other. Both strippings are overcast downhill by Bucyrus dragline with 2-yd buckets. 

101. MISCELLANEOUS DATA, OPEN-CUT MINING 

Economic limit of depth. Open cutting loses its advantage of cheapness where the strip- 
ping cost per ton of ore exposed exceeds the difference in cost between open-cut and under- 
ground mining. For large, flat deposits, with fairly uniform cover of moderate depth, the 
problem is simple, as the cost per ton of ore for excess stripping to provide safe slopes around 
the pit is so small that errors in its estimation are unimportant. But, on small areas and 
for deep overburden, the cost of stripping slopes is important. In dipping deposits, where 
one or both walls must often be cut back to safe slopes, the amount of stripping is not a 
simple function of the depth, and this complicates calculations of the economic limit of open 
cutting. In districts where enough underground and surface mining have been done to 
establish fairly accurate unit costs, close estimates can be made from borings or other data, 
to determine the feasibility or limits of open cuts. The max depth of profitable stripping is 
often expressed in terms of a i atio of cu yd of stripping per ton or cu yd of ore (or ft of over- 
burden per ft of ore). These latios are useful if applied intelligently; ratios applicable in 
a well known district may be incorrect in a new region. 

Mesabi estimates (35), Sometimes a choice of method can be made by inspecting the 
ore estimate (Art 11). Relative costs of underground and open-pit mining are usually cal- 
culated by applying unit costs to a column 1 yd sip Example: a drill hole shows 50 ft 
of drift and paint rock, 15 ft hard taconite, and 36 ft merchantable ore; general conditions 
allow use of cither method. Comparison of costs, using 1912 unit costs (641) which, 
though old, illustrate method of calculation: 

Underground mining. Cost of mining a volume of ore 1 yd sq by 36 ft high 


@ 75^ per ton (1 cu yd « 2 tons) $18.00 

Open-pit mining. Stripping a column of overburden 1 yd sq by 50 ft 

deep @ 30ff per cu yd $5.00 

Stripping 15 ft of taconite « 6 cu yd @ $1 per yd 5.00 

Stcani-shovel mining of 36 ft of ore *< 24 tons @ 15fi per ton. 3 60 13 60 

Saving by open-pit work per sq yd of area $4.40 


Similar calculations are made for other drill holes, and all are combined in proportion 
to the tonnage represented by each. This preliminary estimate is supplemented by more 
exact figures when necessary. Questions of adverse topography, dumping facilities, 
presence of swamps, quicksand, etc, are local factors which do not permit generalisation. 

Pennsylvania anthracite stripping (345) (see also Art 100) is generally undertaken when 
it is cheaper than underground mining. But strippings yield higher extraction, cleaner coal 
and a higher percentage of prepared sises (Sec 34), and allow close adjustment of output 
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to demand; these laotora may be decisive in making a choice. Strippings are often opened 
to recover coal otherwise not minable. ExofPLBS in determining the economic limit of 
depth and area of strippings: Fig 696 shows a stripping based on a ratio of 2.75 cu yd of 
overburden removed per ton of coal uncovered. But on resolving the operation into its 
component parts (see areas ^4, B, C, etc), it is found that area A is the lowest one within 
this ratio. For areas B and C the ratios are 3 : 1 and 3.5 ; 1 respectively; that is, they are 
removed at a loss, even though a considerable profit comes from areas D and E, Hence, 
to justify this operation, marked advantages must be gained by removing B and C. 
Fig 697 shows a crop stripping common in the southern anthracite fields ; either the cover 


must be removed, or a thick chain pillar of coal left, 
as shown. The coal below the pillar is minable at as 
low a UNIT COST for cutting and loading as could be 
realized by mining the entire upper 250 ft of seam 
from gangway W after stripping the overburden. 
By the latter method, development costs would be 
le^ by a few cents per ton. But, comparing the 
reaults with the case in Fig 696, the ratio here is 4 
cu yd stripping per ton of coal in the chain pillar, 
or a ratio of 1 : 1 based on the total coal above 
gangway TF. Hence, the coal strictly classed as 
stripping coal is mined at a loss (345). 



Pig 696. Pennsylvania Anthrsdte Stripping 



Porphyry coppers. Estimates of economic stripping limits at these mines often involve 
problems arising from fluctuating metal prices, varying smelter contracts, differences in 
milling costs and recoveries, and freight rates. Parts of the overburden often contain a 
little copper, and when this must be mined and loaded in any case, it may sometimes be 
more profitable to send it to mill than to dumps. The factors involved in these problems 
are shown in the following formula, used at Chino mine to ascertain the lowest grade of 
rock that may be called minable ore (340) ; all costs, and the copper price, are in dollars or 
fractions, and percentages are expressed as decimals: 


3f + -f m /r -f S 
A 2 OOOpC D 2 OOOp 


+ R^E + c 


B 


100 

105 


transposing and simplifying: 


2 OOOpC 


M Fq m 

lOOB /c + .S' 


2 000pD 


- (B + E + c) 


M «* mining cost per dry ton ore 
Fo « freight per dry ton, mine to mill 
m » milling cost per dry ton 
/c « freight per dry ton of concentrates, 
mill to smelter 

E » smelting charges per dry ton of con- 
centrates 

S refining and delivery charges per lb Cu 


E « export freight and insurance per lb Cu 
c » commissions, per lb Cu 
p «» % Cu contents paid for by smelter 
B « assumed price per lb Cu 
C * % recovery at mill 
D •» % Cu in concentrates 

% Cu in material in question 


The above formula includes an unusual refinement in using the factor 100 4- 105, which 
allows 5% interest for the period (estimated as 5 mos) between mining the ore and sale 
of its contained copper. For further detail, see Bib (340). 

Slopes of faces in power-shovel mining. Following data from E. E. Barker in 1911 
(339) are based on experience at the Nevada Consol (Art 96). 

The slope at which a bank will stand depends on the depth to be excavated, as well as 
character of the material; hence no general rule can be formulated. Slopes steeper than 
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1 : 1 will not stand in the leached porphyry and fractured schist of the disseminated 
copper deposits. Blasting shatters harder rocks, so that banks will not stand much 
steeper than 0.66 horiz : 1 vert. Faults, if present, may necessitate flatter slopes. Experi- 
ence with rook “flows,” in deep excavations in soft rook on the Panama canal, shows that 
slopes suitable for ordinary work riiay not stand on great depths. These statements 
indicate the wisdom of using generous slope allowances for both estimates and operation. 
(See Sec 3 and 6 for data on angles of repose and safe slopes.) 

The slope of a working face as a whole is affected by the height and wddth of benches, 
number of benches, and slope of each face (Fig 698) . For benches of equal size, the general 


slope is given by: 5 


o 4- (n *— 1) 6 


, where S = general slope ratio, a ■» base of the 


bottom slope triangle, h and c «*» width and height of bench, n «• number of benches. 
Fig 698 shows a layout suited to economical power-shovel work in soft porphyry ore; that 
is, the benches have the minimum economic width and the max economic height and slope; 
50-ft benches are safe, and the shovel is seldom in danger of being buried. Width b 
depends largely on the slope of the broken ore which ordinarily will repose on a slope of 



about 1.5 : 1, but the impetus given in blasting flattens the slope to about 2 : X. Chum- 
drill holes for blasting are started about 10 ft from the edge of the bank, and loosen the 
ground for about 10 ft back; the position of the broken ore face is indicated by dotted 
line fg. The remaining clear space ef (about 20 ft wide) gives ample room for the loading 
track, without danger of its being buried by the blasts. The general slope of the 4 benches 
18 1.75 : 1; a larger or smaller number of benches would increase or decrease the ratio, in 
accordance with the formula. 

Examples of practice as to overall slopes in open-outs under different conditions are 
given in Art 95-97. See also remarks on pit slopes in Art 113. 

Pit limits for power-shovel mimng in orebodies which feather out at their edges are 
determined a.s in I'lg (599 (286). AB is the line along which the unit cost of underground 
mining equals that of power-shovel work plus stripping. Line ED, on a slope equal to the 
angle of repose of the overburden, fixes the crest and toe of the stripping. The top of 
the pit in ore is determined b 5 '’ width of tJie berm DB, usually 20 to 30 ft. Through E a 
line EF on a slope suited to the character of ore marks the limit of power-shovel operations; 
ore to the left of EF would be mined by some underground method, as top-slicing (called 
“scramming” on the Mesabi, Art 71). See also Fig 97, Art 11. 

Advantages of open-cut mining; (o) Properly applied, it gives large outputs at a lower 
unit cost than by any other method. (6) After a pit is well opened, its output can be 
varied greatly. In self-draining pits, work may l>o stopped and started without trouble, 
though with a loas of interest on investment, (c) Mineral within the pit limits is completely 
extracted, (d) The largo working faces allow ore to bo broken with minimum drilling and 
explosives, (e) Effective sorting of ore is possible in connection with hand loading. When 
loading with large power shovels into dump cars, sorting is limited to concentrated areas of 
waste (or some particular grade or kind of ore to Ixj kept separate) , large enough to fill one 
or more trains; otherwise delays due to switching or breaking up trains may offset saving 
effected by sorting. Closer sorting is possible with small power shovels loading into auto- 
mobile trucks; at United Verde pit (Art 96) such equipment handles waste, smelting ores, 
and milling ores separately. A close determination of values over relatively small areas is 
usually possible in open-pits by sampling cuttings from blast holes, especially if churn 
drills are used. Sorting is impossible in glory-holes. (/) No timbering or filling are needed, 
artificial lights are unnecessary for day work, and supervision is easier. Hygenic conditions 
are generally better than underground; open cuts also eliminate dangers peculiar to under- 


10-472 


COAL MINING METHODS 


ground mining (see Table 66) Duty of labor is higher, and usually a larger daily output 
can be produced from a given area than by underground mining 

Disadvantages of open-cut minmg: (a) The surface is destroyed for other purposes, 
though in shallow, back-filled pits, the soil may be restored for farming (b) Surface rights 
of way and room for dumps must often be purchased (c) Large-scale work, especially that 
involving extensive stripping, requires large capital outlay before any return is secured 
(d) Open cuts are limited to relatively small depths (e) The plant is often composed of a 
number of scattered umts (/) Work is stopped or seriously hindered by bad weather 
j[g) An open pit collects snow and ram, and tends to dram water from the surrounding sur- 
face This may add a serious expense for pumping to the cost of subsequent mining at 
depth, but may be partially met by surface ditching, note also trouble with mud-rushes 
at the Kimberley diamond mines, Art 88 Great care must be taken m scaling loose slabs 
from working faces to p rotectmen at the base of the faces from injury (k) Horses of waste 
must be mined and handled. 


COAL MINING METHODS 

By Wilham Emery, Jr, of Day & Zimmerman, Inc, Philadelphia, Pa 

Introduction The preceding articles deal with the methods common to nearly all kinds 
of mining Metal mining methods are more varied than those for coal, due to the greatei 
diversity in form and occurrer.ee of metalliferous deposits, and, to avoid repetition, the 
articles on coal mining are devoted chiefly to the distinctive methods employed, omitting 
minor variations As coal seams are “beds,” they are generally mined like bedded deports 
(Art 30, 31, 32, 42) Striking exceptions exist m the pitching basins of the Pennsylvania 
anthracite fields, where the extreme folding and varied contours of the seams require 
original and complicated methods For details of prospecting, development, breaking 
ground, support of excavations, and underground handling of minerals, refer to these sub- 
jects in Art 1 to 93 

102. CLASSIFICATION, DEFINITIONS, AND GENERAL 
CONSIDERATIONS 

A distinction is sometimes made between the methods of mining anthiacite and bitumi- 
nous coals, but for a given case the proper method depends much less on the kind of c oal 
than on the physical characteristics of the seam, roof, and floor For example, similar 
methods are employed m the flat seams of the northern anthracite field of Penna and m the 
bituminous mines of the same state, likewise, some of the “pitch-mining” methods of 
Penna resemble those used in the pitching bituminous seams of Colo Standard under- 
ground methods, with their modifications, fall into two groups 

Pillar methods (Art 105, 106), known as rooni-and-pillar, pillar-and-hreast, pillar-and- 
stall, bord-and-pillar, are those m which, from haulageways (gangways, roads, entries, or 
headings), comparatively wide openings (breasts, rooms, stalls, chambers, or liords) are 
driven These openings correspond to stopes of metal mines Pillars, lietween rooms 
and other openings, support the roof Nearly all coal in the U S is mined by room-and- 
pillar Aver recovery m i irst mining, that is, with no attempt to rob pillars, IS 30%-50% 
Final ROBBING mcreases the yield U S Hur of Mines in 1923 stated extraction m U S 
anthracite mines was 49-60%, aver 65%, m 10 states, producing 90% of the bituminous 
coal, extraction was 55-92%, aver 65% J D Sislei in 1931 (620) estimated total losses 
in mimng bituminous coal at 40% in Ohio, 27% m Penna, and 22% in W Va, or approx 
same losses as m 1922 

Longwall methods (Art 108), divided into advancing and retreating longwall, 
are used extensively abroad, but, until recently, have found little favor m the U S 
Instead of opemng rooms, with intervening pillais, coal is mined from a continuous face 
As work advances or retreats, the roof is allowed to cave, haulageways and airways 
being kept open by packwalls of waste (gob). Recovery is appiox 100% 

Development openings, con esponding to the levels and drifts m metal mines, are locally 
called ENTRIES, headings, or roads (bituminous mines, U B), or gangways (anthracite 
mines) Openmgs for ventilation are termed airways or air courses, also monkeys 
or monkey ways in anthracite mines The mode of entry, by tunnels, drifts, or vertical 
or inclined shafts (slopes), depends primarily on the conditions governing the develop- 
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characteristics of the seam (Art 14-20). For modifications in development to provide 
the special ventilation needed in coal mining, see Art 104, 108. 

Stripping (open-cut mining) is sometimes adopted for coal scams, or parts of seams, near 
the surface (Art 100). 


103. CHOICE OF METHOD 

The best method in any case is that which will yield a max recovery at a min cost per 
ton, in the best marketable condition, and with least danger to the miner. 

General factors influencing choice and details of method are as follows: Roop pres- 
sure is an indeterminate quantity varying with thickness of overburden. In longwall 
mining, a roof that hangs over moderate areas and settles gradually may help break down 
the face, but in general, where longwall is used, a roof that breaks “clean” at a moderate 
distance from the face is of greater advantage, as it relieves the pressure and simplifies 
roof control. Much attention is now being given to roof control in connection with long 
faces and mechanical loading, and much of the success so far obtained from mechanical 
loading and the methods devised for it is attributable to control of the roof and roof 
pressure. In pillar-mining in general, hea\’y roof pressure requires larger pillars and 
smaller openings; this is especially true in thick seams, or in soft, friable coal. Failure 
to recognize roof pressure in working out a room-and-pillar system may cause a squeeze 
or general crushing of pillars, and loss of coal over large areas. This may occur during 
first mining, but oftener during robbing, where removal of even one pillar may transfer 
to adjacent pillars a wt exceeding their supporting power. Pillar methods are used in 
most American mines, under all conditions of roof pressure in both flat and pitching 
seams; but greater attention is now given to the adaptability of longwall and modified 
longwall methods to flat seams, where heretofore roof pressure and other conditions were 
considered unfavorable. C’haracter of roof and floor. The roof is the stratum 
directly above the seam. A good roof is self-supporting over moderate areas; other con- 
ditions being favorable, a greater recovery may be obtained in the first mining and less 
timlier is required. These advantages disapjiear when the roof is self-supporting over 
large areas, because during robbing excessive pressure may be transmitted to pillars. 
The roof may he weak, as in the case of draw slate, with a stronger stratum above. If the 
weak stratum is thick enough to choke the room when it falls, equalization of press may 
be obtained, which is advantageous during robbing. Control of such a roof is diflScult and 
dangerous, ro<iuiring much timber. In some regions, roof conditions are greatly improved 
by leaving a thin layer of coal unmmed under the roof stratum; especially true where air 
and moisture cause flaking and disintegration. Character of floor also influences size of 
openings. Soft bottom requires narrow openings and large pillars, especially where firm 
coal is mined under strong roof. Pressure on pillars tends to force them into the floor, 
causing floor to bulge, known as “heaving bottom.” A firm floor is always desirable. 
C'haracter of coal. Strong coal may be mined by pillar or longwall. Mining soft, 
friable coal is always difficult, and m pillar methods requires large pillars. Flat seams of 
friable coal under hea\'y cover are best mined by longwall, if character of roof permits. 
Inclination and thickness of seam. In general, the max allowable size of opening 
decreases with increasing pitch and thickness of se^ira. Friable coal in a pitching seam 
Honietinics tends to nin; this emphasizes the requirement of large pillars and small open- 
ings. Practice abroad favor.s longwall for pitching seams of moderate thickness; in U S 
practically all pitch-mining is done by pillar methods. Presence op explosive gas 
AND DUST indirectly influences choice of method, but has a direct effect on details of all 
methods. Advancing longwall in a gassy seam involves constant danger of gob fires; 
hence, retreating longwall is preferable. In pitching seams containing occluded gas, coal 
often tends to break away from face and pillars (called “bumpy” coal), and requires nar- 
row openings and large pillars (for discussion of this subject, see Sec 23). If there is 
danger from explosions of gas or more especially of dust, it is best to use a panel system 
(Fig 722), to confine explosions to small areas. Explosive dust also makes low-velocity 
air currents desirable and influences cross-section of airways (see Sec 23). Product 
DESIRED. Generally, the best method is that which will produce largest amount of lump 
coal; coal for coking is an exception (see Sec 34, 35). Wide faces produce the most lump 
coal; from this point of view under favorable conditions longwall methods are best. 
Excessive use of explosives should be avoided, and systems of loading and haulage care- 
fully designed to avoid breakage. Labor and market. In longwall, there must be a 
steady market and a steady class of labor; even a short stoppage may result in serious 
damage to the working face. In pillar methods, this is less important. Established 
WAGE SCALES AND WORKING CONDITIONS. Where, by agreement or custom, extra pay is 
required for certain types of work, as yardage for narrow work in entries or rooms less than 
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10 ft wide, brushing (breaking down) of top or lifting of bottom, gobbing (packing) of 
waste in the seam, or of draw-slate a^ve the seam, timbering, and other items generally 
mentioned in wage agreements, it may not be possible to adopt the method most suitable 
for the physical conditions on account of its excessive cost. Freight rates. R R rates 
(and more recently trucking rates) are generally the factors governing shipments into 
market zones (except for special-purpose coals). These rates may directly affect choice of 
method; a mine having a favorable freight rate to a given market may be able to use a 
method giving greater recovery per acre than a competing mine without this advantage. 
Specification purchases. Large tonnages are purchased on certain standards of ash, 
sulphur, volatile matter, ash fusion, and Btu content. A system designed for mechanical 
loading, without auxiliary cleaning, may so alter the quality of shipped product, as com- 
pared with hand loading without auxiliary cleaning, as to eliminate the coal from a 
desirable market. Size of property (its available tonnage) may bear directly on choice of 
method, by limiting the equipment investment. Thus, a relatively small property, 
physically capable of development by a system employing mechanical loading, may be 
unable to employ the system if, to produce a marketable product, additional invest- 
ment in a cleaning plant is required (Sec 34, 35). 


104. ROOM-AND-PILLAR METHODS 

General. Because of the frequent presence of explosive dust and gas (Sec 14), thor- 
ough ventilation is more important for coal than for metal mines. This requires driving 
DEVELOPMENT OPENINGS IN SETS. Fresh air enters by one or more openings, the intake, 
and after passing through the workings the foul air leaves the mine by other openings, 

the RETURN. 

Development in flat or slightly pitching seams. Single-entry (rarely used, see Sec 
14). A single opening is driven, from which rooms are turned off in one or both directions 
(Fig 700). The entry acta both as a main haulageway and an intake airway. The venti- 
lating current circulates as shown. A fall 
of roof may cut off the flow of air. Fig 701 
shows a typical double-entry layout. Main 
entries are driven from the shaft, or from 
the surface; from these, cross or butt en- 
tries are opened. Rooms are turned off the 
cross entries. The cut shows the split sys- 
tem of exhaust ventilation (Sec 14), the main 
haulageways being intakes. Advantages: (a) 
in case of accident in one entry, the other 
affords an escape; (6) the mine is divided 
into separately ventilated sections, so that a 
fall of roof or complete closure of any pair 
of butt entries will not affect ventilation in 
other parts of the mine; (c) main or cross entries may be driven ahead as far as desired and 
ventilation maintained without turning off rooms. Fig 702 shows triple-entry applied 
to main entries, with double-entry in cross entries. The middle entry is the main intake 
and haulageway; the outer ones form the return. While involving more narrow work 
than double-entry, this system is well adaptcKl to gaseous mines of large working area ; it 
is also used where local conditions (bad roof, etc) prohibit driving a single entry of suffici- 
ent width for double-track haulage; the middle entry is then used as the return and the 
outer entries as intakes and haulageways. In quadruple-entry, 4 main entries are 
driven in parallel (Fig 703), each side of the mine being served by a separate intake and 
return. One intake entry may be used as a traveling way, and the other as a haulageway, 
or both as haulageways. This system facilitates circulation of large volumes of air and 
is well adapted to high-speed endless-rope haulage (Sec 11). By leaving the center 
pillar intact, i c, eliminating the break-throughs B, the two sides of the mine become 
whoUy independent of each other, and may be considered as distinct mines, each opened 
by double-entry. Quintuple-entry is the same as the preceding, with addition of one 
more entry, used as a traveling way. 

Entries in flat or slightly pitching seams. Size of entry depends on two factors: (a) 
Entries must be large enough to insure adequate ventilation. State laws prescribe a 
minimum quantity of fresh air per man or animal, and a max velocity of current (Sec 14) . 
Airways should have the min perimeter for a given sectional area; a square entry is pref- 
erable to a rectangular one. In haulageways, height and width are influenced by size 
of car and mode of haulage. (5) Cost of maintaining wide openings may be prohibitive 
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if roof is bad, or the floor has a tendency to heave, or the coal is friable or easily crushed; 


in such cases, narrow entries, 
while costly to drive, are in 
the end an economy. In 
seams containing more or less 
waste, or in thin seams, where 
floor or roof must be blasted 
to secure headroom, entries 
are usually driven 16 to 20 ft 
wide and then narrowed to 6 
to 10 ft by building the waste 
into a packwall along one of 
the RIBS (Fig 704). (Rib is 
the face of solid coal along 
the side of a working.) Extra 
cost of driving is partly or 
wholly paid for by the coal 
taken out and transport of 
waste is eliminated. Dis- 
tance BETWEEN ENTRIES. 
Main entries in flat seams 
are commonly driven on 30- 
60-ft centers, leaving, for a 
10-ft entry, a 20-50-ft pillar. 
Large pillars are required to 
protect main entries during 
life of mine. Cross entries 
need not remain open after 
the area served is exhausted; 
they are on about 30-ft cen- 
ters, leaving a 20-ft pillar for 
10-ft entry. For economy in 



Fig 701. Double-entry System in Flat Seam (U S) 


driving, entries should be as 

close together as possible to reduce cost of breakthroughs. Distance between sets of 



Fig 702. Triple-entry System (Coal Miners* Fig 703. Quadruple-entry Sj^stem 
Pooketbook 


cross entries depends on length of room and method of mining; length of room depends 

on character of roof, floor, and coal, system of 
haulage and ventilation. Rooms are commonly 300- 
350 ft long and, where turned in one direction only, 
give a gross entry spacing of 350-400 ft. Where 
turned in Ixith directions, spacing of cross entries is 
700-^00 ft, or twice the length of rooms, plus suitable 
pillars if desired. Direction and location depend 
largely on sire and shape of the property, surface condi- 
tions, cleavage or olbat of the coal (in bituminous mines), dip, amount of water, etc. 



Pig 704. 
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Main entries should be located approx to bisect the property. In mines opened by drifts, 
this allows development in 3 directions, reduces length of cross entries and permits final 
robbing at an earlier date» decreases cost of protracted maintenance of long haulageways, 
facilitates haulage, and permits material increase in output on shorter notice. To favor 
haulage and drainage in slightly pitching seams, main entries are driven directly on the 
pitch and cross entries approx parallel to strike. In bituminous coal, the cleat may alter 
this plan, as the cost of driving is often increased if entries are not parallel to one of the 
pronounced cleavage planes. Alinxmbnt and oradb should be uniform. Curves 




Fig 705. Relation between Depths and Room Fig 705a. Relation between Depths and 

Centers for Different Thicknesses of Seam for Room Centers for Different Thicknesses of 

20>ft Rooms Seam for 24-ft Rooms 


increase frictional resistance and wear and tear on track and rolling stock. Bends in 
airways increase friction and hence reduce efficiency of ventilation. Uniform grade h 
essential for efficient haulage and drainage. Cross-entry haulageways usually have a 
slight grade (0.75 to 1.5%) favoring the load. To obtain this it may be necessary to 
blast top or lx)ttom rock and to fill local depressions. Cross entries in slightly pitching 
seams may be driven at an angle to the strike to secure any desired grade. The following 
formula (355) is useful: sxn A = tan X -5- tan F, where A »= angle between cross entry or 
rooms (if on a grade) and strike line; X and Y =» pitches of cross entry and seam, degrees 



Pig 706 Pig 707 


(Tables 88, 89). Angle between rooms and cross entry « angle between rooms and 
strike line -f- angle between main entry and strike line. Sharp curves from main to cross 
entries should be avoided; sometimes done by driving diagonal ciTT-orrs. 

Rooms and pillars in flat or slightly pitching seams. Rooms are usually turned off at 
right-angles to the entry in one or both directions, depending on system of mining and 
dip of seam. From the neck N, Fig 706, of about the same width as the entry and 10 
to 30 ft long, the room is widened on one or both sides. Aver width of rooms in the 
U S is 24 ft; their length varies with local conditions, custom, and method of working. 
Table 89 (355) is useful in laying out rooms driven at an angle to the entry. 

D. Bunting (368) gives the following formula for proportioning pillars in deep Penna 


anthracite seams of flat pitch: yz ^ I 000 X 


^0.70 + 0.30 6, 


where y 


depth below 
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surface, ft; * distance center to center of rooms, ft; 6 * width of pillar, ft; h « total 
thickness of seam, ft. It is assumed that the weight of the overlying strata is 144 lb per 
cu ft and that the safe load on a cube of anthracite is 1 000 lb per sq in. Fig 705, 705a, 
platted from this formula, gives results corresponding with practice in Penna. 

Bunting states that, in the application of any formula to the calculation of the siae of pillars 
necessary to resist the press of overlying strata, consideration must be given to the nature of the 
seam and its contiguous strata, and to the dip. Moreover, the proper factor of safety varies with 
local conditions, such as the relative location and extent of workings, and the seriousness of possible 
disturbance to the overlying strata and surface. 

Where conditions permit wide openings, double rooms may be used, they have 2 necks and are 
usually served by a track on each rib, gob being stored in the middle. Fig 706 shows types of single 
and double rooms. Haulage in rooms, unless mechanical, becomes difficult on pitches of 6® to 8®; 
rooms may then be turned off obliquely (Fig 707), this means of reducing haulage grades in rooms 
is feasible in seams pitching to 12®, calculations for grade are made as for oblique entries (see above). 
This practice increases the difficulty of robbing pillars. 


Table 87. Dimensions of Rooms and Pillars in Flat Seams (D S) 


Ex 

No 

Location 

Rooms 

Room necks 



Pillars 

Width, 

ft 

Length, 

ft 

Width, 

ft 

I.«ength, 

ft 

Width, 

ft 

1 

Pittsburgh Seam . ... 

21 




12 

2 

" “ . 

24 




15 

3 

Southern Colorado 

20 

200 

8 

30 

20 

4 

Dawson, N M 

24 

350 

6 

20 

20 

5 

Oklahoma 

20-25 

200-275 

8-10 



6 

HisylvaiJia, Hocking Valley, O , . . 

30 

250 


21 

12 

7 

Saline County Coal Co, 111 . . . 

20 

300-350 

6 


14 

8 

Michigan . . .... 

30 

150 



8-16 

9 

Pnmero, Colo . 

18 

300 

8 


22 

10 

Loup ('reek, W Va . . 

25 

400 



35 

11 

Whit well, Tenn . , . 

42 

200 

6 

21 

36 

12 

Franklin, III . ... 

21 


10 


16 

13 

Steubenville, 0 . 

22 

250 



20 

14 

J K Denng (’oal C^o, Ind 

22 

150 



13 

15 

Castle Valley, Utah 

22 

400 

12 

20 ' 

51 

16 

Stearns County, Ky , . 

40 




20 

17 

•• “ “ 

24 




16 

18 

Tennessee ... 

30 

215 

10 

21 

21 

19 

Molcher, la 

60 


10 


30 

20 

Kay lor, Pa 

42 


12 

21 


21 

Gary, W Va 

20 


12 


40 


Influence of cleat. Bituminous coals usually contain two cleavage planes or eleats, 
running approx at right-angles to each other. Advantage is taken of them to facilitate 
breaking down the coal and to release occluded gas by driving the rooms at different 
angles to the more pronounced cleat. Face cleats are longer and more regular than end 
CLEATS. Fig 708 shows methods of driving. In driving face-on, the face of the room is 
parallel to the face cleats. This is the general 
method where conditions permit; it requires 
less powder and undercutting than the others, 
and yields more lump coal. In long-iiorn 
work, the room face makes an angle loss than 
45° with the face cleats. Coal breaks m long 
slabs and with well placed shots there is a 
fair yield of lump coni. In iulf-on work, 
the room face is at 45® to the cleats, adapted 
to coals breaking equally well on face and 
end dents. In short-horn work, the room 
face is between 45® and 1K)° to the face cleats; 
adapted to ca,se8 where pronounced end cleats require that added support be given to 
the coal face and l>earH the same relation to end-on work that long-horn does to face-on. 
In END-ON work, the room face is parallel to the end cleats; this, with short-horn, is 
adapted to withstand strong roof pressures, but yields less lump coal than other methods. 
In coals containing occluded gas at high pros.surc, face-on methods may cause violent 



Fig 708. (Coal Miners* Pocketbook) . 
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outbursts of gas, whereas end^on rooms cut the face cleats and allow gas to escape gradually. 
Under these conditions, by using long<horn or 8hort>horn methods, the pressure of gas 
may be controlled and utilized to assist in breaking down the face. 


Table 88. Dimensions of Rooms and Pillars (356) 


Ex 

No 


Rooms 

Room 

Cross- 

Thick- 

Pitch 

I.ocation 

Length, 

ft 

Width, 

ft 

pillars, 
width, ft 

cuts, 0 
to 0, ft 

ness of 
coal, ft 

of bed, 
deg 

1 

Alabama (Pratt seam) , . . . 

300 

25 

10-20 

50 

4-6 

2-40 

2 

“ (Thin seam) 

100-300 

20 

10-20 

20-50 

2-4 

2-20 

3 

“ (Blue Creek) 

300 

25 

25 

50 

8 

0-15 

4 

“ (Blocton) 

250 

25 

25 

50 

5-6 

0-10 

5 

“ (Flat Top) 

250 

25 

25 

50 

10 

2-4 

6 

Ark (Sebastian Coll’y) 

150-250 

10-30 

12 

40 

3-9 

4-12 

7 

Illinois (Springfield) 

150-200 

30 

15-20 

60 

5 

0 

8 

“ (Staunton)..... 

200 

40 

20 

60 

5-6 

0 

9 

Oklahoma 

108-300 

18-30 

10-12 

40 

3 5-6 

8-40 

to 

Iowa 

180-210 

21-30 

9-15 

60 

3 5-7 5 

0 

II 

Maryland (Georges Creek) . . . 

150-300 


40 

105 

12-14 

0-10 

12 

Penna (Connells\'ille) 

250 

’* 12 

32 

105 

6-9 

5-12 

13 

** “ 

250 

12 

72 

105 

6-9 

5-12 

14 

“ (Pittsburgh) 

250 

21-24 

12-18 

i 

75-100 

4.5-7 

nearly 

flat 

15 

“ (Clearfield) 

180-200 

21 

15 

75 

2 7-6 3 

0-3 

16 

W Va (Fairmont) . ... 

250 

25 

10-20 

65 

7-11 

0-5 


Ex 

No 

Character 
of coal 

Direction 
of rooms 

[ 

Character 
of roof 

Roof faults 
or slips 

Character 
of bottom 

Depth 
of cover, ft 

Time of 
drawing 
pillars 

1 

B 

OF 

SI 

(A) 

FC 

100-600 

R 

2 

A 

OF 

Se 

N 

H 

50-300 

R 

3 

B 

WG 

Ss 

N 

H, FC 

50-400 

(c) 

4 

B 

NC 

Sh (d) 

N 

H, FC 

50-600 

(c) 

5 

B 

OF 

SI ie) 

N 

H, FC 

50-200 

(c) 

6 

B, F 

UP 

SI («) 

ST 

H, FC 

50-400 

ND 

7 

A(/) 

(g) 

81 (A) 

(t) 

H, FC 

200-400 

ND 

8 

A 

U) 

SI (A) 

N 

H, FC 

400-500 

ND 

9 

A 

UP 

SI 

ST 

H, FC 

50-700 

ND 

10 

A 

(A:) 

Sh, Se, Ls 

(0 

i FC 

200-300 

(c) 

11 

B 

WG 

Ss id) 

im) 

FC or Sh 

50-300 

(c) 

12 

B 

OF 

Se 

N 

FC or SI 

20-350 

R 

13 

B 

OF 

Ss 

N 

FCorSl 

350t 

R 

14 

A 

OF 

H, SI 

N 

FC + Ls 

50-350 

R 

15 

A 

NC 

SI 

N 

FC 

20-300 

R 

16 

A 

OF 

(n) 

N 

FC 

50-750 

R 


Entry 
stump 
pillar 
ividth, ft 

Coal left 
in first 
working, 

% 

Total 
coal 
recov- 
er’d, % 

Cross 
headings 
c to c, ft 

Entries 

width, 

ft 

Pillar 
width, 
ft (o) 

21 



326 

8 

10 

miM 



300 

8 

10 



85 

300 

8 

12 

25 



250 

8 

12 

25 


85 

300 

8 

12 

18 

30 

70 


8 

18 


40 

60 



40 


40 

60 



40 

18 

30 

70 


8 

18 

18-24 

35 

90 


8 

ip) 

250 


90 


8 



60 

95 


8-9 

‘ 52 ’ 





9 

52 

21-40 


85-95 

480-500 

8 






8 

15 

25 


95 


10 

ms 


» o i II H-dS <313 iSCS 








0 y S'! ® w § ,4ic\ 
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0.3 
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Table 89. Distance from Center to Center of Rooms or Breasts, 
Measured on Entry or Gangway 



Fig 709. Typical Development of a Pitching Anthracite Seam, Penna 


separate split of air in each working place. Fig 709 shows typical development for mode- 
rately thick seams; for variations, see Art, 106. Size of oanqways depends more on size 
of car and method of haulago than on character of coal, roof, or floor, and thickness of 
scam. Gangways for mule haulage are commonly 7 ft high by 10 to 12 ft wide in the 
clear. For mechanical haulage the height may be less, though good practice leaves at 
least 2 ft clearance above top of car. Dimensions op monkeys depend primarily on air 
requirements (Sec 14) ; thus, if an area of 36 sq ft is required to pass the air needed in a 
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split without undue friction, a monkey in a 6-ft seam would be 6 ft high. Distancb 
BETWEEN DEVELOPMENT OPENINGS. In Penna, the distance between gangway and 
monkey in moderately thick seams is commonly 30 ft. In thick seams, this distance 
depends largely on whether the monkey and gangway are on the same or opposite walls 
of the seam. It is customary to space gangways 300 ft apart along the pitch, leaving a 
CHAIN PILLAR 20 to 50 ft wide (along the pitch) underneath each gangway (Fig 709). 
This allows a breast length, including the chute, of 250 to 280 ft. In thick-seam mining, 



Fig 710. Buggy Breast (after Chance, Vol AC, 2nd Geol Surv Penna) 


on pitches over 40°, it may be advantageous to divide a lift of 300 ft in half by driving 
a COUNTER or BUGGY gangway. In many cases small mine cars, "buggies,” are used on 
counter gangways; if so, the coal is lowered to the main gangway through counter 
CHUTES (Art 106). Standard cars on counter gangways may be lowered by gravity planes 
(Sec 11), or the coal handled in counter chutes. Advantages of counter gangways are 
increased safety and better facilities for ventilation and handling timber. Direction, 



LOCATION, AND GRADE OF GANGWAYS. Gangways are driven in the seam, following its 
contours along one wall, and are on a grade of 0.75 to 1.5% in favor of loaded cars; they 
are usually turned in both directions from the main openings. Breahtb correspond to 
rooms in fiat mining. Experience shows that moderately thick seams may be worked 
most economically by driving breasts 24 ft wide, on 50-ft centers, and not exceeding 300 
ft long. Variations in dimensions, due to character of roof and floor, and texture and 
thickness of coal, are much the same as in flat seams. Friable coal in a pitching seam is 
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apt to break away from the face and ribs, causing a “run-away” with more or less disastrous 
results; in such coal, narrow, well timbered breasts are essential. 

Classification of breasts according to their pitch. Wagon breasts correspond to rooms 
in flat mining and are used where pitch is less than 12®. Full-size mine cars are run to the 
face and loaded by hand or conveyers; shaking chutes or scrapers may be used to transport 
coal from the face to cars placed on the gangway. Buggy breasts (Fig 710, 711) dip 



Fig 712. Chute Breast (Coal Miners’ Pocketbook). a, Sheet-iron chute e, Loading platform. 

e, Props /, Gob g. Top coal 

10°-18®; small cars (buggies) transport coal from face to cars on the gangway. Buggies 
have been largely replaced by conveyers, shaking chutes, or scrapers (Sec 27). Chute 
BREASTS, For pitches over 15® and less than 30® to 35®, a chute lined with sheet iron 
(usually No 10 gage) conveys coal from the face to a loading platform at the gangway 
(Fig 712). On dips less than 20®, the coal must be pushed along the chute, or mechanical 



VERT LONOtT SEC 
^Monkey not thovnl 


Fig 713. 


VERT CRORS-8E0 

Battery Breast, Mammoth Seam, Haeleton, Penna (after Chance) 


drags may he used. Book and refuse are gobbed on the sides of the chute. When the 
pitch exceeds 35®, coal will generally slide on the bottom rock , the sheet iron is then elimi- 
nated and planks sot against the two rows of props guide the coal to gangway. Steep 
BREASTS worked EMPTY. As the dip increases, the working of empty breasts becomes 
increasingly difficult and dangerous, and the breakage of coal a serious item. Dips of 
40® to 45® are probably the limit for safe and economical empty work. Breasts pitching 
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66® to 60® have been worked by a staggered battery method (Art 106), but the practice 
is bad and should be avoided. Battery breasts, used in steep pitching seams, resemble 
shrinkage stopes in metal mines (Art 68). At the head of the chute (Fig 713) is a battery 
or gate, consisting of props heavily lagged or planked. From this point the breast is 
widened as required; manways are carried up each side and the broken coal is retained 
in the middle by lagged or planked props. The broken coal supports the miners; it 
occupies approx 50% more volume than solid coal. To give headroom at the face, excess 
broken coal is thrown down one of the manways and drawn off daily at the gangway. 



Fig 714. Battery Coostruction 



Pig 716 


When the breast is finished, the broken coal is drawn through the battery as desired. 
Fig 714, by W. L. Cross, Jr, shows typical construction. 

Mechanization of coal mines. Like all other mas8>production industries, coal mining 
seeks to eliminate hand labor. In hand-loading mines in the U S, the labor cost probably 
exceeds 60% of total cost of production. As wage scales increase, this percentage increases, 
and the cost of production puts coal at a disadvantage compared with oil, gas, and elec 
power, in the production of which the percentage of labor cost to the total is relatively 
small. Coal operators are therefore adapting the established mothod.s of room-and- 
pillar, panel, longwall and modified longwall, to the use of mobile loaders, conveyers, 
shaking chutes, and scrapers (Sec 27) . Besides mechanical loaders, elec coal drills, hand- 
held, post- or track-mounted, and track-mounted cutting and shearing machines of large 
oapac are being installed. 

From statistics of the National Bituminous Coal Comm (672) Fig 715 shows tonnage of anthra- 
cite and bituminous coal mechamcally loaded in U S mines from 1929 to 1937, and tonnages of 
bituminous coal mechanically cleaned in the same period. Table 90 shows equipment used in 
bituminous mines in 1936. N B C C estimates percentage of U S coal production mechanically 
loaded at 12% in 1933 and 16.4% in 1936, exclusive of coal from strippings. 
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Table 90. Tonnage of Bituminous Coal Mechanically Loaded Underground in 1986 



Net tons 

Percent 

Loaded by machine; 

Mobile loading machines 

40 961 321 

90. 1 

Soraper loaders . 

1 272 466 

2 8 

Conveyers equipped with duckbills 
and other self-loading devices 

3 240 411 

7 1 

Total loaded by machine 

45 474 198 

too 0 

Handled by conveyers: 

Conveyers equipped with duckbills 
and other self-loading devices 

3 240 411 

13 1 

Pit-car loaders 

10 537 707 

42 6 

Hand-loaded conveyers . . . 

10 949 943 

44 3 

Total handled by conveyers .... 

24 728 061 

100 0 

Recapitulation, less duplications 

Mobile loading machines. . 

40 961 321 

61 2 

Scraper loaders 

1 272 466 

1.9 

Conveyers equipped with duckbills 
and other self-loading devices 

3 240 41 1 

4 6 

Pit-car loaders 

10 537 707 

15 7 

Hand-loaded conveyers 

10 949 943 

16 4 

Grand total loaded mechanically 

66 961 848 

100 0 


106. EXAMPLES OF ROOM-AND-PILLAR MINING IN FLAT SEAMS 

(See also Tables 87, 88) 

Georges Creek district, Md. Data from H. V. Hesse in 1909 (357). Fig 716 shows 
unsystematic methods employed in 1850 for a bituminous seam 6-9 ft thick. All workings 
were at random, with no attempt to recover pillars; 55% of total coal, not including top 
coal left standing for a roof, remains and makes reworking or robbing diflBcult and costly. 
This old example shows necessity for systematic mimng to secure max recovery. In tlids 



Fig 716. Unsystematic Mining. Georges Creek, Md 


seam, narrow rooms and wide pillars are required by the character of roof and coal. Fig 
717 shows a recent systematic plan of working, evolved after numerous experiments. Most 
of the coal is obtained by robbing (Art 107) ; total recovery of 94% is claimed. 

Pittsburgh region. Data from F. Z. Schellenberg in 1910 (358) and Pittsburgh Dis- 
trict Committee on Coal, of the A I M E, in 1926 (606). Seams are regular, permitting sys- 
tematic development; a pronounced cleat in the Pittsburgh seam is an important factor in 
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laying out workings. Where pillars are not drawn, rooms are 20-25 ft wide and 200-300 ft 
long, with 8 to 10-ft pillars. Rooms are often turned off butt entries, and driven with their 
faces on the face cleats. With pillar-drawing, panel systems are used, most of the faces 
being at right-angles to the butt face cleats. Standard length of rooms, 200-300 ft; width, 
10-20 ft; headings, 8-10 ft wide, are 2 to 6 in number, spaced 35-60-ft centers, according to 
the ventilation and haulage requirements, the overburden, and life of the entry in question. 



Fig 717. Systematic Mining, Georges Creek, Md 


Pittsburgh seam throughout this district is 4.5-9 ft thick; dip, 0°-6°; recoveries from 
mining, 55-90%. Fig 718 shows standard method in the Connellsville region; Fig 719, 
Fairmont district, northern W Va; Fig 720, Pittsburgh Coal Co, Fig 721, 722, genoial 
method of Monongahela River Consol Coal and Coke Co. Panels are 500-600 ft wide by 
1 400 ft long; rooms are usually turned in both directions from the butt entries. Pillars 
are robbed during either advance or retreat; faces of robbing operations are at 45® to the 
butt entries. 



Fig 718. Standard Mining Method of Advancing and Retreating, Pittsburgh Seam, Connellsville 

Region, Penna (606) 

West Virginia. Due to the regularity of the seams, definite systems of mining are planned and 
carried out with only slight variations to meet local conditions. Main entries are triple or quad- 
ruple; section entries, triple or double; cross entries, double. Panel systems are common. Usual 
dimensions are as follows, with exceptions noted below. Main and section entries are at 40-60-ft 
centers and 8-12 ft wide; cross entries, 30-60-ft centers, 8-12 ft wide; interval between pairs of 
cross entries, 409-600 ft; rooms, on 40-80-ft centers, are 15-30 ft wide and 209-400 ft long; interval 
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between crosscuts in entries, 75-100 ft, in rooms, 100 ft; barrier pillars, 100-200 ft wide. Mona 
MINS, Arkwright Coal Co, Morgantown, W Va (359). Pittsburgh seam, 8 ft thick, of which 7 ft is 




mined and 1 ft left on top to support draw slate 3 to 6 ft thick. Productive territory is developed 
by pairs of butt entries on 60-ft centers, at intervals of 300 ft. Butt entries, 11 ft wide, are driven 
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950 ft to accommodate 14 rooms on 60-ft centers, leaving a 150-ft barrier pillar between face entries 
and first room. Rooms are turned off the inby butt entry only, and are driven to the outby entry 
of the next pair of butt entries; rooms 11 ft wide, pillars, 49 ft. Most of tonnage is recovered on 



Fig 723. Mining of Room Pillars, Mona Mine 


retreat, and roof control is successfully accomplished by maintaining a 45® pillar line. Coal faces, 
both on advance and retreat, are top-cut and sheared by a Universal-type, track-mounted machine 
cutting a 6-in kerf. Drilling is by track-mounted, elec auger drill; loading by a track-mounted, 
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Fig 724. Breaking Ground, Mona Mine 


eleo loader. In retreat, room pillars are extracted by a series of 15-ft cuts, leaving small “fender’* 
blocks of coal next to the gob (B'ig 723), which keep the gob from rolling into the fall of coal. Fig 724 
shows method of breaking ground in advance and retreat Pocahontas field. Seams, 3 to 10 ft 
thick. Fig 725 shows the general development plan of the Pocahontas Coal and Coke Co, 
T— 27 
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providing for quadruple main entries, triple cross entries, and double panel entries; alternative 
methods are shown in panels 1, 2, 3. The following directions, issued by the company, indicate 
the distinctions between these methods. Panel no 1. Drive the rooms on the 3rd cross entry 
as soon as they are reached. Begin robbing (Art 107) when the second room is completed, and 
rob advancing on the 2nd and 3rd cross entries to within 100 ft of the 2nd cross entry. On the 



Fig 725. Mining in Pocahontas Field, W Va 


1st cross entry drive the last room first and rob retreating, taking out the barrier pillar left on 
the 2nd cross entry. Panel no 2. Drive entries to the limit before turning rooms, except as 
shown. Turn last room and 3rd cross entry first. Begin robbing at inside corner of panel, develop 
rooms only fast enough to keep in advance of robbing and bring robbing back with a uniform 
"break-line,” until completed to barrier pillars. Panel no 3 illustrates a continuous panel. Drive 



Pig 726. Hoorn and Pillar, Mine No 6, U S Coal & Coke Co (607) 


entries to the limit before turning rooms, except as shown. Turn last room on Ist cross entry 
first, and begin robbing as soon as the second room is completed. Develop rooms only fast enough 
to keep in advance of robbing, and bring robbing back with a uniform break-line until the limit of 
mining is reached. With uniform conditions, such plans can be quite closely followed (360). Mine 
No 6, U S Coal and Coke Co. Data from E. O’Toole in 1923 (607). The method (Fig 726) is 


Two additional panels in this block 
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Fig 728. Typical Room Diagram, MacAlpin Coal Co (490) 


25(r barrier pillar 
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a room-and>pillar continuous advancing and retreating system. While advancing, room ribs* 
heading stumps and heading chain pillars are extracted. During advancing period, headings are 
continually progressing, rooms being driven on the inby side. When the rooms reach their limits 
the pillars are withdrawn, resulting in complete extraction of the section. When robbing cuts a 
cross heading off from the main headings, haulage proceeds to another heading through a room. 
Each section is planned for 1 000 tons per shift. This method aims to give full production soon 
after beginning operations and maintain it until the mine is practically exhausted. Life of a section 



Fig 729. Block Room-and-pillar System, 111 


is 10-40 yr. The method affords simple ventilation, transport and drainage; it concentrates 
operations and permits max supervision. MacAlpin Coal Co, Mine No 4 (490). Pocahontas 
No 4 seam, 3 ft thick. System is room-and-pillar retreat; pillar drawing using chain-flight face 
and room conveyers and belt mother conveyers on panel entries; cars to slope and belt conveyers 
to tipple. As in Fig 727, main headings are in sets of 5; cross headings m sets of 4, and panel or 
room headings in pairs. Cross headings are on 2 200-ft oent^; panel or room headings, 600-ft 
centers. All headings are 16 to 20 ft wide. Room necks, 18 ft wide, 16 ft deep. Rooms, 40 ft 
wide on 70-ft centers. Each panel contains 40 rooms, 20 driven from each headmg. A cycle of 



Fig 730. Room System, Peabody Coal Co Mine No 8, 111 (491) 


mining is maintained on each panel heading, whereby the inby pillar is drawn as the 2 adjacent 
outby rooms are advancing. Heading pillars are also drawn. Fig 728 shows detail of room and 
pillar minin g. 


Illinois. Seams are generally flat; aver depth, 200 ft. The coal is firm, with partings 
of varying widths; seams, 2.5-9 ft thick. Roof characteristics vary; floor is generally 
fire clay, likely to heave when wet. Straight room-and-pillar, panel systems, and a 
modified panel system known as the “block room-and-pillar” or “semi-panel” (Fig 729), 
are all in use. For dimensions of openings see Table 91 (361). Some longwall mining 
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is also done (Art 108). Peabody Coal Co, Mine No 8, Christian County, 111 (491), 
No 6 seam, 6 to 7.5 ft thick; 370 ft of overburden. Panel system of 30-ft rooms at 50-ft 
centers, 256 ft long. Panel entries are in pairs 12 to 14 ft wide on 42-ft centers; 21 to 37 
rooms are turned from each pair of panel entries, every 7th room being omitted, to leave 

Table 91. Illinois Room-and-plllar Practice 


System of mining 


Entry width, ft 


Entry pillar width, ft 


Main } Cross Room ] Mam t Cross Room 


Room-and-pillar 

Panel (a) 

Room-and-pillar 

Room-and-pillar 

Room-and-pillar 

Panel 

Semi-panel 

Semi-panel 

Room-and-pillar 

Panel 

Room-and-pillar 

Room-and-pillar 

Panel 

Panel 

Room-and-pillar 

Room-and-pillar 

Panel 


Barrier pillar 
width, ft 


Room necks 


Dist from Distance 
. entry to between 
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a 70-ft pillar for roof control. Track-mounted honz cutting machines and caterpillar 
loaders are used. To facilitate car change and loading, every third room is driven as a 
“key” room As shown in Fig 730, the first crosscut in the key room is driven through 
into the side room, making sure there is enough pillar left between entry and crosscut A 
Then the first crosscut to the left from key room is turned when the outside rib of crosscut 
IS 10 or 12 ft past the inside nb of opposite crosscut B This procedure, which staggers 
the crosscuts for roof protection, is carried out until the room is nearly finished The 
last crosscuts are driven from the side rooms C, because the back switches in the side 
rooms make the car change much quicker. Each back switch has a switch directly be- 
hmd it, Z), to speed up the car change Crosscuts m the key rooms aver about 56-ft 
centers, with 40-ft pillars This makes the switches 56 ft apart on each side, but only 
28 ft from switch to switch, counting both sides Mine No 57, of same company, uses 
nearly the same system of panel mining and “key” rooms, but shear-cuts room faces 
and advances them as m Fig 731. Increased yield of lump is claimed Mofeat 




Panel entrlea 
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2 sections, of 9 rooms each, on each side of the hopper-conveyer. Each section will have 
a loading machine, with auxiliary equipment. Thus the single conveyer will serve 2 
loading machines and 4 tractor-trailers. Panel entries, parallel to the rooms, will be 
advanced by gang work as usual. Fig 735 shows the proposed method; Fig 734, the 
method of timbering. 

Indiana. Panel systems of room-and-pillar work with double-entry development are 
in universal use. The following figures of practice of the Brazil Block Coal Co are fairly 


FnU of coal 



Fig 733, Tractor-trailer Cycle, Moffat Fig 734. Timbering Diagram, 

Mine, lU (G34) Moffat Mine, 111 (634) 


representative, seams are 4.7-10 ft thick; depths, 80-000 ft. Roof is sandstone or shale; 
floor, fire clay. Rooms, 18--30 ft wide, usually 21 ft; necks, commonly 9 ft wide and 
12-20 ft long. Width of main-entry pillars, 18-40 ft; cross-entry pillars, 16-30 ft; room 
pillars, usually 9 or 10 ft wide, occasionally, 20 ft (362). Saxton minb, Saxton Coal 
Mining Co, Terre Haute, Iiul (.035). Seam No IV, 5 ft thick. Fig 736 shows typical 
Xiroduction panel. Main entries are 11 ft wide, on 33-ft centers; room entries, 11 ft 
wide, 25-ft centers. While panel entries are advancing, the middle entry serves aa 


To porting f 



Fig 735. Mining System, Moffat Mine, 111 (634) 


haulageway; when a panel has been driven full distance, track is removed from middle 
entry, which then serves as return airway only. In each panel, 24 rooms are turned at 
45° along each side entry. Rooms are 21 ft wide on 33-ft centers, and are driven to max 
length of 350 ft. Six subsidiary rooms are turned at 45° from the first room. Room 
panels, 594 ft wide, are separated from one another by barrier pillars 25 to 60 ft wide, 
thus making room-panel entries on 619 to 644-ft centers. By using wide rooms and narrow 
pillars, a recovery of approx 66% is claimed. In development work, the coal face is 
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undercut its entire width and sheared from top to bottom above the right-hand rail. 
Depth of cut, 8.5 ft with 6-in kerf. Fig 737 shows mode of cutting and placing shots 
in rooms. Equipment includes track-mounted cutting and shearing machines, elec 
post-moimted auger drills, track-mounted shovel loaders in development entries, and 
track-mounted flight loading machines. 

Ohio. Whibuno Township Coal Mining Co, Mine No 2, Adena, Ohio (639). 
Pittsburgh No 8 seam, 54-60 in thick. Draw slate, 11 to 14-in, is taken down, leaving 



Fig 736. Panel in Saxton Mine, Ind (635) 



AU dost mutt 


Side Elev 


Fig 737. Breaking Coal in Rooms, Saxton 
Mine, Ind (635) 


a 12-in seam of coal as roof. Mine opened by drift under cover of 30 to 260 ft. Quad- 
ruple main and face entries are driven as 2 pairs, connected for haulage purposes every 
QQO ft. One pair serves as intake, other as return. Butt entries 8.6 ft wide are in pairs 
on 32-ft centers, turned on 484-ft centers at right-angles to face entries. Driving butt 
entries 1 635 ft allows for turning of 48 rooms 26 ft wide, 225 ft deep, on 34-ft centers, 
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leaving a 136-ft pillar between first room and the face entry. Room necks are turned 
off butt entries at 56® and deflected to full 90® after 4 cuts. Necks are 12 ft wide to 
accommodate track-mounted cutting and loading machines. Every eighth room is 
omitted, giving 7-room panels separated by 42-ft pillars to control roof. After the butt 
entries have been driven the required 1 635 ft, production is obtained by simultaneously 
advancing blocks of 7 rooms off each entry. These rooms are completed before production 
starts on the next 2 blocks of 7 rooms each. No pillar recovery is attempted- Coal is 
loaded by caterpillar loading machines directly into 3-ton cars. Room face is undercut 
and sheared near its center by track-mounted cutting machine, making a 9-ft cut, 6 in 
wide. Four holes are drilled in the face with post-mounted elec auger drill of 1.5-in diam; 
1 hole on each rib and 1 hole between each rib and the shear cut ; all holes are horiz and 



Fig 738. Room Work, D. O. Clark Mine, Wyo(636) 

6 in below the draw slate. The hole to left of the shear cut is shot first and the broken 
coal loaded out; then the loft rib hole is fired, and its coal loaded, same system is repeated 
on the right side. Pellet powder is used; 3 sticks per shot. Draw slate is shot down after 
coal has lieen loaded out. Entries are undercut and sheared on both ribs. One 1.5-in 
hole is drilled with hand-held elec auger in the center and C> in below the draw slate and 
loaded with 2.5 sticks of pellet powder. Crow of 6 men, working a pair of entries, imder 
normal vjonditious makes seven 9-ft cuts i>er shift, or about 30 ft advance in each heading. 
Standard room timbering comprises a row of road posts on 3-ft centers 4 ft to the left of 
center line of room; another row on 3-ft centers 4.5 ft to right of center line (extra 6 m to 
allow clearance for loading-machine operator)^ 2 rows of gob posts on 6-ft centers, betwe^ 
rood posts and ribs. All posts are hardwood, in lengths of 5.5 or 6 ft, secured by sawed 
wedges driven between roof and top of post. 
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Wyoming. Fig 738 shows typical room-and-pillar operation in the D. O. Clark mine of 
the Union Pacific Coal Co, Sou Wyo, where self-loading shaking conveyers (duckbills) are 
in use (636). Distinguishing feature is that one pillar is being mined on retreat while an 
adjacent room is advancing. 

British practice. Room-and-pillar methods in England (bord-and-pillar, post-and-stall, pillar- 
and-etall), and in Scotland (stoop-and-room) , resemble those in the U S, except in dimensions of 
openings and percentage of recovery on first mining (Fig 739). Common dimensions (363): entries 



Fig 739. British Practice, Bord-and-pillar or Panel System (Hughes) 

(walls), 6 ft wide; rooms (stalls), 12-15 ft wide; room pillars, as large as 132-198 ft square. Recov- 
eries are about 30-35% in first mining; first-mining recoveries of 40-50% are considered dangerous. 
Most of the coal is won during robbing (Art 107). 


106. EXAMPLES OF ROOM-AND-PILLAR MINING 
IN PITCHING SEAMS 

General. Pitch-mining practice has been developed moat extensively in the anthracite 
basins of Pennsylvania; Fig 740 (364) shows the relative positions of several seams and 
indicates a wide variety of local conditions. Virgin seams of moderate thickness are rained 
with buggy, chute, or battery breasts (Art 104), the pillars being subsequently roblu'd 
(Art 107); the Natalie Colliery illustrates such work. Other examples outline more com- 
plex methods for special conditions. 

Natalie Colliery, Western Middle field, Penna. The Lykens seam occurs hero in 2 
splits, separated by 60-80 ft hard conglomerate. Seams are very irregular; pinches, fault-s, 
and sudden changes in the texture of the coal are common. The underlying split (Lykens 
No 1) averages about 4 ft of shelly, friable, badly crushed coal, with bands of slate and dirt 
to 1 ft thick; it contains a little gas. Roof and floor are hard conglomerate. The overlying 
split (Lykens No 2) averages 4-5 ft of very hard clean coal, with no gas; roof and floor, 
conglomerate. Aver pitch of both splits, 25°; vert depth of workings, 410 ft. Main open- 
ing is a double-track slope, driven on pitch in Lykens No 1 ; cars hoisted to surface. Gang- 
ways, 7 by 12 ft and about 300 ft apart along the pitch, are driven on the strike against the 
top rock, on grade of 0.75% favoring the load. The monkey, 30 ft above the gangway, has 
an area of 36 sq ft, dimensions varying with thickness of seam. Chutes, 6-8 ft wide by 
thickness of seam, are turned off at right-angles to the gangway on 50-ft centers. Breasts 


are 24 ft wide and 270-290 ft long, leaving a 10 to 30-ft chain pillar to support the gangway 
above. Headings, turned on 60-ft centers, have an area of 36 sq ft. Coal is conveyed from 



Fig 740. Workings from Nesquehoning Tunnel, Southern Anthracite Field (Whildin) 


the face to the gangway by sheet-iron chutes. Lykens No 2, opened by a tunnel from No 1, 
18 mined similarly. Forced ventilation is used; interruptions of 

air current, due to opening of doors for gangway traffic, are not nmHHillHllllin 
serious because of small quantity of gas. 

Staggered battery breasts. At a mine in the Middle West- 
orn anthracite field of Penna, the seams have an aver dip of 20®. 

Coal 13 firm and hard and 5 ft thick; roof and floor, good. 

Breasts are 24 ft wide on 50-ft centers and worked with sheet- 
iron chutes. Coal is paid for by the car, miners doing their 
own loading. As the faces of the breasts advanced in one sec- 
tion, the dip increased gradually from 20® to 60®. Due to the 
small area in which this occurred, and because the whole mine 
was worked on a car ba.3is of payment, it was deemed inadvis- 
able to drive a counter gangway and work battery breasts from 
it. Instead, and to provide safety and support for the miners and 
decrease breakage of coal, staggered batteries were used when 
the pitch reached 40® (Fig 741). This show’s poor mining, but 
illustrates variations of practice to meet local economic and 
geological conditions. Many other variations are in use. 

Rock-holes (rock-chutes) are widely employed m mining con- 
tiguous seams. Development openings are driven in the under- 
lying seam and rock-holes (inclined raises similar to chute-rai.ses, 

Art 67) are driven to the ovoi lying seam from the gangivays or 
breasts, or Ixith. Breasts may Ixi opened m the overlying scam 
directly from the rock-holes, or from small gangwuiys driven to 
connect tops of rock-holes. This often effects largo economics in 
development, especially in reworking the thick Mammoth 
seam, which contains large amounts of coal left by crude early 
methods. Reopening old gangw'ays in Mammoth seam is danger- 
ous and costly; it is often impossible even to drive new gangways 
near worked-over areas. 

One or more contiguous seams may be opened by tunnels run 
across the .strata from a main haulageway in one seam. This 
Iiresupposes possibility of driving and maintaining gangw^ays in 
the other seams. Where a senes of short tunnels is driven to 
reach an adjacent seam they are known as sectional tunnels, 
and are spaced at intervals depending on their length, speed of 
development desired, and condition of the seam to be opened. They 
avoid breakage of coal in rock-holes, provide numerous w’orking 
faces and hence allow rapid development. Examples follow. 


Oaagwtjr 


Lawrence Colliery, Schuylkill region, Penna (H. H Morris). Holmes Fig 741. Staggered 
seam, averaging 8~10 ft of firm coal, is mined by rock-holes from Batteries 

development openings and breasts in the Four-Foot seam; the seams 

are separated by about 10 ft of rock; pitch, about 60®. Gangways and monkeys are driven 
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on 304t centers m the Four-Foot seam, with chutes on 50-ft centers A few feet above high 
side of the monkey, a battery is built, and enough coal blasted to allow a 6 by 3-ft rock-hole to be 
dnven at about 40® through the top-rock to Holmes seam The rock-hole is partitioned to make a 
manway and a coal chute On entering Holmes seam, a battery breast is dnven 24 ft wide up the 
pitch For ventilation, 2 or more rock-holes, breasts and headings must be opened in the Holmes, 
a split of air from the Four-Foot monkey is earned up the manway of one rock-hole, through the 
workings in the Holmes and down another rock-hole manway into the Four-Foot monkey After 
the Holmes breasts have been dnven and drawn, breasts of same width are dnven in Four-hoot 
seam directly under those in the Holmes Pillara must all be of same siae Sometimes the mined 
coal in the Holmes breasts is held in reserve and not drawn when a breast is fimshed, in which case 
an extra battery is built in the rock-hole, for opening the breast in the Four-Foot In this part of 
the mine, surface conditions prohibit robbing, pillars in the Holmes seam, however, could be robbed 
before driving breasts in the Four-Foot In another part, several seams, pitching 66° and 1 5-30 ft 
thick, are mined by counter-gangways, counter-chutes and rock-holes (Fig 742) The colliery is 
opened by a “gun-boat” slope in the Seven-Foot seam Mam level is at 634 ft elev, counter-levels 
at 820 ft, 920 ft, and 1 000 ft, surface at outcrop, 1 200 ft elev (In Penna anthracite mines, elev 

of gangways is given in ft above sea level ) 
The method m the thinner seams is about 
the same as at the Natalie Colliery (above), 
except that all breasts are of battery type and 
worked full It was impossible to drive gang- 
ways in Mammoth seam, due to condition of 
its old workings, hence, rock-holes (6 by 6 
ft) are driven from Skidmore or Leader seam 
at 60-ft centers on the gangways and 60-ft 
centers on the pitch from Skidmore breasts 
Distance between Skidmore and Mammoth 
seams, 20-60 ft All coal mined on the 
counter-levels goes to a counter-chute in 
leader seam (a 12 to 18-in split of Mam- 
moth appearing at irregular intervals between 
the Skidmore and Mammoth) This counter- 
chute extends m the Leader from the 1 000-ft 
counter-gangway to a point above the 63 4-ft 
level, where a rock-chute is turned back to 
the loading pit slightly below 634-ft level 
Batteries are built in the counter-chute above 
each counter-gangway, to regulate the flow of 
coal and maintain dump room on the gang- 
ways Breakage is minimized by keeping the 
chute as full as possible and by careful draw- 
ing, this gives a "prepared yield” (Sec 34) as 
high as 00% \ successful rock-hole 8>slem, 

more elaborate than the above, is used by the Lehigh Navig ition Coal Co, for this, and for details 
of various intricate methods of re-working the Mammoth seam, see Bib (304) 

Rock-holes and buggy gangways are used at one mine m the Southern field for working the 
Mammoth seam, development openings are driven in the underlying Skidmore seam, which is 90 
to 100 ft away Rock-holes are dnven at intervals of 300 to 600 ft from the Skidmore gangways 
and connected at their tops by buggy gangways in the Mammoth Breasts are then turned off the 
buggy gangways, and the coal is mined and dumped down the rock -holes, which in reaJitj are rock 
counter-chutes By driving buggy gangways in both directions, the haul is halved and spt'cd of 
devdopment doubled The rock-holes furnish convenient points to which to retreat m robbing, 
the method avoids maintenance of expensive main gangways in the Mammoth 

Lehigh Navigation Coal Co, Lansford, Penna Data from W G WTiildm in 1914 
(364) Battery breasts and “cut-backs” are used for mining the Mammoth heam Where 
the pitch IS 60® to 90°, gangways and airways are driven along the top io(k, so that the 
loading chutes can be driven back on a 30° pitch, this provides a safe working place for 
loaders, and allows better control in drawing broken coal In flatter seams, gangways are 
dnven on bottom-rock, and airways either along the bottom or top rock, distance between 
gangway and monkey, 20-50 ft The larger interval results in a lower maintenance cost of 
gangways 

The method of opening a breast is shown in Fig 743, 744 Chutes 6 by 6 ft, partitioned to make 
a manway and a loading chute, are driven from the gangway on a slope of 22° to the bottom rock and 
then up the pitch to the height for opemng the stump heading Here a jugular battery is put in 
and a 4 by 6-ft stump heading dnven to the next chute This is used both for ventilation and 
aoeees, and is known as the “bottom-breast crosscut ” From it, a “front” manway (dog-hole) is 
driven on one side of the breast 20 ft up the pitch, and a “back” manway on the other side The 
breast is started 10 ft wide by 8 ft high next to the back manway and is gradually widened to 18 ft 
at top of the dog-hole, leaving a stump pillar (Fig 743) Mining then proceeds by advancing a bat- 
tery breast, 18 ft wide by 16 ft high, on the bottom rock for a distance of 21 ft above the bottom- 
breast crosscut. At this point a cut-back, 10 ft wide along the pitch, is earned up to the top rook 



Fig 742 Counter-chute Method (Lawrence Colliery) 




Fig 744. Cut-back System, Mammoth Seam, Penna 


Orchard team, Neaquehoning District, Penna. Data from J. S. Miller in 1925 (609), 
Dip, 65°~70®; coal is hard; roof fairly strong; width at surface 8 ft, increasing to 16 ft 
at first gangway. Fig 745 shows method used by Lehigh Nav Coal Co, instead of the 
usual battery-breast and pillar method, with subsequent robbing by one of the plans 
in Fig 750, 751 and 762. Mining is done from a series of main chutes C (Fig 746), driven at 
an angle to the dip on a slope of 30®-.35°. Loading chutes L are first put up from the gang- 
way at 130-ft centers; air connections A are next driven and then the main chutes. Until 
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the latter hole through to surface they are ventilated by an elec fan. Main chutes, 300 ft 
long, require little upkeep compared with a chute driven up the pitch. 

Mining starts near top of a main chute; a breast about 50 ft long is opened, with its upper 
xnanway 26—30 ft down the chute from the surface. While driving the breast, the auxiliary chute X, 
and the crosscut B, are driven. Chute X is 20 ft below the lower manway of the breast and about 
26 ft long; a check battery is erected in it. When the breast is completed, a skip (No 1 skip. Fig 746) 



Fig 745. Orchard Seam, Lehigh Nav Coal Co, Pcnna (609) 


is taken beginning at the top of X ; crosscut B provides ventilation for this work. Successive skips 
are taken in same way. When work has passed the point Y, the pillars below the breast and skips 
are robbed, starting with stump S, and working downward to Y, below which the stumps are left 
standing to maintain ventilation for succeeding work and to protect the gangway; 7 to 8 skips are 
taken on each main chute and usually 2 skips and a stump on each airway A. 

Driving and robbing a mam chute takes 11-12 months; 4 or 5 chutes are worked simultaneously 
The method extracts 68% of the coal; gives a high percent of prepared sizes; concentrates the area 
of operations for a given output as compared with pillar and breast work; eliminates objectionable 
features of pillar-breast, pillar-skip, and pillar-chute robbing (Art 107). In this property, the 
method increased output 40-90 cars per day and about halved the cost per car. As the seam is 
free from gas and the workings reach the surface, natural ventilation is used. Deeper work with 
forced ventilation would require more airw ays. 

TesU, Calif (Fig 746). The seam averages 7 ft of clear coal; pitch, 60® (376). The system was 
devised to get coal rapidly in a part of the mine where a short-grained, slate cap rock came in over 



Fig 746. Mining Method, Tesla, Calif 
(Coal Miners' Pocketbook) 



Fig 747. Mining Method, Tesla, Calif 
(Coal Miners’ Pocketbook) 


the coal, making it difficult to keep props in place. The floor is slate, with a decided heaving tend- 
ency; roof 18 good sandstone; there is a small but troublesome amount of gas. Two double-compt 
chutM are driven up the pitch and connected by crosscuts. Small gangways are driven from chutes 
parallel to mam gangways at intervals of 36 ft along the pitch. These are continued 300 ft from 
each chute if conditions warrant. The end of pillar between the highest small gangways is then 
attacked, the coal being worked on the cleavage planes. Resulting breast consists of a 36-ft face, 
including the drift or gangway through which the coal is carried to the chutes. A 2 or 3-ft pillar is 

breast below. Working face in each breast, 
46— 48 ft. Light iron chutes, to load coal into cars on the small gangways, are moved along as the 
face advances; loading is cheap, loss from breakage, small. Coal is dumped from cars into angle 
chutes, connecting with main chutes on slopes of about 46®; these keep main chute full, so that each 
breast can deliver coal continuously, and so reduce breakage. The breast gangways are 6 ft wide 
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untimbered. The small pillar left over the tops of breasts is maintained until the face has advanced 
12-16 ft, when it is cut out. The roof caves and fills the opening. Ventilation at laces is by 
chutes driven between gangways at 36-ft intervals. 

Fig 747 shows another system in a 7-ft seam. As roof is shelly and breaks quickly, mining must 
proceed rapidly. A gangway and airway, 40 ft apart, are connected by chutes every 30 ft, which 
are driven up the pitch at about 36®; they are connected by crosscuts 40 ft apart. This divides 
the seam into pillars, which are then worked out from top downward. Rows of cogs are built about 
80 ft apart, to delay roof settlement and prevent remaining pillars from crushing; little other timber 
is required. 

Pierce County, Wash. Data from S. H. Ash in 1925 (610). Steeply pitching seams are 
3-25 ft thick; coal often gassy; roof and floor bad, precluding wide breasts; hence mining 
is by a chute-and-pillar system. Fig 748 shows general plan on pitches to 65®; in steeper 
seams, slant chutes are driven on pitches of 45°— 60°. Gangways are 200 ft apart. 



Fig 748. Development by Chute-and-pillar, with Ventilation Details, Pierce County, Wash (610) 

A counter gangway (monkey or airway in Penna mines) is driven 20-25 ft above the gangway. 
Chutes are on 50-ft renters, 6 ft wide between gangway and counter gangway, above which they 
are 8--10 ft wide. Half chutes, for traveling ways, ore put up to the counter-gangway between 
alternate mam chutes. Crosscuts C (Fig 748) vary from a small hole to 6 ft wide. This work 
comprises the first mining (see Art 107 for pillar robbing). Brattices are carried through the chutes; 
the inby compartment is used as a manway, the outby as a coal chute. Fig 748 shows path of air 
currents. 


107. ROBBING PILLARS 

General. Robbing or drawing pillars consists in removing the coal left for roof support 
after first-mining has lieen completed. The character of roof and floor, texture of coal, 
thickness and dip of seam, presence of gas and other local conditions, all influence the 
method of work and the time at which it should be done. 

Systems of robbing. There are 2 geneial systems: robbing during the advance and 
robbing on the uktheat. .\ further distinction may bo made between preliminary 
and COMPLETE or final rohlung. 

Advance system. Fig 701 shows its application in a flat seam with rooms turned in 
one direction only. First-mining is followed closely by preliminary robbing, which remov'es 
the room pillais, stump pillars are left to support the haiilagew’ays. and, with the entry 
pillars, are removed on the retreat system after first-mining and preliminary robbing are 
completed te the limit of the entry and the section abandoned. Pillars must be drawn 
uniformly, keeping w’orking faces in a straight line; this avoids throwTiig excessive press 
on any one pillar and secures a uniform line of break in the roof. Direction of line of re- 
treat depimds chiefly on chaiacter of roof, whi(*h should break as robbing proceeds; 
otherwise the press on stump, entry, and remaining room pillars may crush them or 
cause a general sfpieeze. Advantaoeh- (a) max production per unit area of development; 
(6) reduction of loss caused by deterioration of pillar coal on long cxjiosure to air; (c) 
increased yield of lump coal in soft or friable scams, Ix'causo pillars are removed before 
roof press can cause extensive crushing; (d) improved ventilation in iion-gaseous mines; 
(c) room pillars are smaller, due to short life and limited area of support. Disadvantages: 
(a) gas is apt to accumulate in caved areas, which can not be ventilated, and there is always 
danger from fire; (5) whore roof strata are water-bearing, breakage of the roof increases 
amount of inflow; (c) comparatively large stump and entry pillars are necessary to prevent 
tKjueezos and avoid excessive cost of maintenance of entries. 
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Retreat system is the reverse of the advance. Development entries are driven to their 
limit, rooms turned, and first-mining is completed throughout the entire area before 
robbing begins. Robbing is begun at the inside limit of the area and retreats toward the 
main or sectional entries; robbing is complete, i e, room, stump, and entry pillars are 
extracted in one operation. A combination system known as advance and retbeat is 
sometimes used where rooms are turned in both directions (Fig 721). Rooms are turned 
in one direction only as the development entries advance, and room-pillar robbing is 
carried on during advance. When the limit of the entry is reached, rooms are turned 
in opposite direction and work retreats toward main entries, final robbing being carried on 
during retreat. 

Examples of American practice. Details vary widely with underground and surface 
conditions and quality of labor; many cases require special methods. Connellsvillb 
REGION, Penna. Fig 749 shows pillar-drawing in flat seams. Robbing in any pillar 



RIB READY 


\C) RIB READY* I 
LAST FALL 


(a) RIB CUT ACROSS ' FIRST FALL 

Fig 749. Robbing Pillars, Connelsville Region, Penna 


begins at face of the room and retreats toward the entry. A cut C, 8 ft wide, is driven 
through the pillar, leaving an 8-ft stump next to caved area. Cut C is timbered with 
props. Cuts are then made across the stump, as indicated by dotted fines in (a) , and the 
roof is picked up by props until work reaches stage (6). Props in area efgh are next 
drawn or shot out, forcing the roof to fall. The rest of the stump is then mined and caved, 
and the process repeated until the whole pillar is drawn back to the entry pillars, which are 
removed by similar methods (358). This plan, with modifications of detail, is in universal 
use in the XJ S for drawing pillars in flat seams. Loading may be done mechanically with 
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Fig 750. Robbing by Pillar-breast Method 
(609) 



Fig 751. Robbing by Pillar-skipping Method 
(609) 


scrapers (Sec 27) . Anthracite mines, Penna. Methods are unsystematic and often left 
to the miners. In flat or slightly pitching seams, pillars are usually roblied by taking 
slices (“skips”) off the ribs, the roof being temporarily supported by props. In steep- 
pitching seams one of the following methods is used, with variations to suit local condi- 
tions: (A) Pillar-breast (Fig 750). A battery is placed at one corner of the pillar; man- 
ways on each side of pillar are connected at intervals, as at AH; pillar is then mined as a 
breast. This method, though practically abandoned, is used to some extent in modified 
form by leaving wider pillars on first-mimng. Then a full-width breast is driven in middle 
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of the pillar, and the remaining narrow ribs are drilled full of holes and blasted in one 
operation (609). (B) Pillar-skipping (Fig 751). Middle breast of a group of 3 is not 

driven through; it is drawn empty; the 2 adjacent breasts are left full of broken coal. 
A skip S is taken off the inside of each pillar, much of the coal being blasted into the central 
empty breast. Small pillars P are left between skip manways and full breasts; they are 
drilled and blasted after the skips are completed (609). (C) Pillar-chute method (Fig 

752) is most used, either of necessity or because of its safety. The pillar is first split by a 
chute Pf 4-6 ft wide, driven from the gangway. Robbing begins at the top and is carried 
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Fig 753. Pillar Drawing in Chute-and-pillar System, 
Pierce County, Waah (610) 


Fig 752 Robbing; Pillars, Thick 
Steeply Pitching Scania 

on by inclined skips (a), or by driving heading H and then blasting out the small pillars 
L with long shots (5), or by ninning skips up the pitch from a heading (c). Only experi- 
enced imiiers should l>e ornployod for robbing; danger increases with steepness of pitch 
and thickness of seam. LibenU use of props is essential to support “flakes” of roof-rock, 
and give w'arning of impending falls. No props are drawm, they crush down as the roof 
comes m, and aid in keeping rocks from rolling onto the working face. Pikhcb County, 
Wash. Data fiom S. H. Ash m 1925 (610). First-mining by chute-and-pillar system 
is show'll 111 Fig 748. Three adjacent pillars forme<l by 4 chutes and 2 gangw'ays are usually 

draw'n in one operation (Fig 753 >, m which 
robbing is starting at the upper inby corner 
of pillar No 33; w'ork is finished in pillar 
30 and is in intermediate stages in pillars 
31, 32. Seiiiieuce of operations, crosscuts in 
the pillars to be robbed are w’ell timbered. 
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Robbing Pillars, 
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A cog (1 in pillar 30) is built under the upper gangway as close as possible to the inby 
rib of the chute. A corner pillar 30 is then worked off until space is gained to build another 
cog 4 or 5 ft from the first. A temporary batter>^ of props above this cog piotects men 
from injury by falls from above and provides a traveling way on the gangway. Work 
proceeds by “taking off the angles,” until half the top block of pillar 33 is nimed; remainder 
of block is the “tail.” The upper inby corner of 3rd block in pillar 33 is next robl^ m 
same way, and the tail of 4th block is then drawn. Broken coal from the tails is run 
out through spouts between the cogs below (see 3rd block of pillar 32), after which a 
IX'rrnanont battery is built above the cogs. Pillars are drawn back to the Ist block, as 
in pillar 30, and a permanent cog stopping placed in the chute neck. Roof breaks above 
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the cog lines and broken material is held on the pitch by the cogs. With a good roof 
90% of the coal is often recovered. 

Foreign practice. H. F. Bulman and R. A. S. Redmayne give the following examples in England 
(365). Sbaton Bubn colliery, Northumberland. Fig 754 shows robbing in a flat seam, aver- 
aging 4 ft thick, at a depth of 360 ft; pillars are 30 yd long, 16 yd wide. A “way” A (skip) is driven 
6 yd wide the length of the pillar. A small pillar P 2 yd square (a “stock”) is left to support the 
haulage way; a track is run along the solid rib and cogs are built on the open or caved side 3 ft apart. 
When the "way” has been driven the length of the pillar, a “lift” J9, 6 yd wide, is driven across the 
pillar. Five lifts complete the robbing of the pillar. This seam yields more lump coal when 
worked end-on. Mabley Hill colliery, West Durham. Fig 755 shows method used in a flat 



Fig 756. Robbing Pillars, Durham Wales (Oil) 


seam, which averages 5 ft thick and contains a 4-in and a 1 5-in parting in the middle Depth of 
seam, 432 ft. Pillars are 50 by 20 yd. The pillar is first split on its short dimension by a “sliding- 
over” or “half-pillar wall” CD. From this and from the haulageways 5-yd lifts are turned and 
the work completed as at Seaton Burn colliery. Mt'rton colliery, Durham. Fig 7.'i6 shows the 
method in a 46-in fat seam, at depth of 1 470 ft. Lifts 6 yd wide are dn\en at right-angle.s to and 
toward each other, in sequence shown Thi.s retain.s the .square .shape of pillar, considered best for 
withstanding heavy press, throughout tlie entire operation 

G. 8. Rice in 1921 gave following examples of foreign practice (61 1). Pillar and doi-ble st\ll 
(Fig 757) was formerly used in Scotland, and in 1911 in a Welsh anthracite bed 7-8 5 ft thick 
Stalls are 42-48 ft wide, with 2 entrances and tracks along each rib, area between tracks is gobbed, 
pillars, 36-42 ft wide. hen a stall reaches next entry, it is widened on either side and the adjacent 
pillar robbed retreatmg by taking cross slices 10-18 ft wide (Fig 757). Sometimes a thin pillar is 



South Staffordshire ’ Method (611) 


left between stalls; if so, this pillar is not recovered. A recovery of 90% is claimed, the method is 
being supplanted by longwall (Art 108). Square-chamber method, South Staffordshire. Fig 758 
shows its use in a nearly flat seam, 24-30 ft thick. Chambers, separated by thick pillars, are 46 yd 
wide and 200 ft long; they are opened off the level with 2 narrow gate roads connected by a "lane” 
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10 yd wide. Stalls, 10 yd wide, are driven 8 yd apart from the lane; cross lanes, 10 yd wide, connect 
stalls every 8 yd, leaving 4-6 pillars, 8 yd square, in a chamber. This work is done in the bottom 
bench, 7-8 ft thick. After the chamber is formed, the top coal is taken down in sections, by cutting 
vert grooves in it 6 ft apart, separated by “spurns," or narrow webs, which are reduced by pick and 
finally knocked out with a “picker" (like a boathook). The mass falls as a whole, and is loaded 
out. On reaching the roof, the internal pillars are sliced as much as possible before the roof falls. 
Some coal is necessarily buried. Pillars between chambers are mined after the ground has settled. 
This method reqiures skilled work. Bord-and-pillar or stoop-and-room (Fig 759) is the most 
important European pillar system. It is considered especially applicable where: (a) coal bed is 
honz or not dipping over 1 in 3, (6) bed 
is 4-10 ft thick; (c) roof is strong, not 
flexible or bending; (d) bed free from 
thick partings. Lonowall has sup- 
planted it where; (a) roof is weak or 
flexible; (6) bed is under 4 ft thick; 

(c) seam is thick, but has a soft un- 
derlying clay; (d) bed has thick part- 
ings suitable for packwalls. In typical 
bord-and-pillar, narrow openings are 
driven at right-angles to each other, 
forming rectangular pillars which are 
extracted when workings reach the 
boundary; it is essentially longwall 
retreating (Art 108). In a typical 
application, Eppleton Colliery, Durham, 

England, there are 3 hons seams, 3.7- 
7 3 ft thick, at depths of 1 008-1 170 ft. 

I lilara are 33 by 44 yd to 66 yd square. 

‘Tleadvvays” or walls (driven on the 
butts) are 3 yd wide; bords at right- 
angles, 5 yd i«de. In forming the 
pillars only 10-17% of the coal is ex- 
tracted. Generally, on reaching the 
boundaries, pillar-robbmg retreats along 
astepped diagonal line (Fig 739). Pillars 
to be dra^m are split by a headway and 
a narrow bord into 4 small pillars, which 
are either split again or successively 
sliced off on the goaf side, or, inhere the 
loof breaks short, sides of the headings 
are sliced, working toward the goaf 
bmall corner stumps, left for protection under a poor roof, are sometimes lost Most timber used in 
mining pillars IS recov ereU. Total recovery of coal, 93%. Objections to method: large amount 
of costly, narrow first work, which produces much small coal. For further detail, see Bib (611). 



Fig 760 Longwall Advancing (after Swift) 


108. LONGWALL METHODS 

The fundamental principle is the complete removal of the entire seam in one operation, 
by carrying a continuous working face (hence the name longwall), leaving no pillars 
and allowing the roof to cave l>ehind the face. 

General plan of work m a flat seam is shown by Fig 760 (3C6). A large pillar maintains 
the hoisting and air shafts, successive positions of the face, as advanced outward from the 
shaft pillar, are indicated by dotted lines. As face or breavSt is advanced, the roof between 
it and the shaft pillar caves. Packwalls on each side of the numerous haulageways must 
lie maintained through the caved area (gob or goaf) to reach and ventilate the working 

face. Weight of roof often causes the 
packwalls to settle; headroom is main- 
taineii by breaking down (brushing) the 
roof over haulageways; the waste thus 
produced, with that from mining, is 
utilized in packwalls, the excess being 
thrown back into the gob. Haulage roads 
arc known as main and branch or cross 
KOADR, haulageways or entries (Fig 760). 
P'roin branch roads, short openings called 
STALL ROADS Or ROOMS are kept open at 
intervals, they are approx perpendicular 
to the face. .\s the face advances, new branch and stall roads are started and old ones 
abandoned; thi.s keeps the stall roads short and saves maintenance. Haulage tracks may 
bo turned from the stall roads and run along the face, so that coal may be shoveled 



Fig 761. Longwall Retreating 





10-506 


COAL MINING METHODS 


directly into cars; various forms of conveyer and scraper (Sec 27) may also be used for 
transporting coal along the face (369). 

This plan of work is known as LONOWAnn advancing or lonqwald working outward. 
Fig 761 shows another form called longwall. retreating^ in which the seam is first devel- 
oped by a series of haulage and airways, which are driven to the property lines before 
any mining is done. The ends of these openings are then joined, forming a long face 
which is worked back toward the shaft; the roads and airways are in solid coal and the 
mined-out area is allowed to cave a short distance back from the face. 

Advancing vs retreating systems. Capital outlay. Longwall advancing requires 
smaller outlay for development than any other coal mining method. Narrow work in 
driving haulage and airways is eliminated, with the exception of the development openings 
in shaft pillars, etc. The mine begins to produce coal in a relatively short time. Long- 
wall retreating requires a larger initial outlay with no immediate return. Extensive devel- 
opment openings must be maintained during life of the mine; capital requirements are 
in direct proportion to area of the property. In advancing systems, maintenance of 
haulage and airways is an increasing deadwork charge; these openings pass through 
caved ground and the packwalls supporting them often give trouble from settlement. 
Longwall retreating entirely avoids cost of building and maintaining packwalls; all 
haulage and airways are in solid ground. Ventilation is more efficient in retreating 
than in the advancing sy^stem. Caved or gobbed areas are difficult to ventilate. Gas 
if present may accumulate in the gob, and cause explosions and gob fires seriously affecting 
the active ■workings. Retreating systems eliminate the necessity for ventilating the gob. 
Nevertheless, longwall retreating is rarely used, chiefly because of the large investment 
required; what follows refers to longwall advancing. 

Longwall vs room-and -pillar methods. Advantages of longwall, aside from those 
connected with investment and quick return: (a) smaller powder consumption and greater 



Fig 762. Longwall Face Fig 763. Longwall Face 


yield of lump coal; (b) ample storage underground for waste; (c) fewer roadways per unit 
length of face, thus reducing first and maintenance costs; (d) easier and cheaper ventila- 
tion; (e) less liability to accident from roof falls; (/) requires less timber; (g) surface 
subsidence is more uniform and causes less damage; (h) duty of labor is greater; super- 
vision is easier. Disadvantages of longwall: (a) labor must be experienced ; (/>) market 
demand must permit uniform production at all times (Art 103) ; (c) danger from gob fires 
in advancing systems; it is diflicult to divide working places into small districts to localize 
effects of gas or dust explosions; (d) cost of packwalls; (e) requirements for successful 
application of longwall are quite rigid. Roof must come down gradually behind the face; 
a very strong roof or one that breaks short at the face prohibits use of longwall. k'aulty 
ground makes it difficult to maintain a continuous working face. Waste for packwalls 
must be cheap, whether obtained from the seam or by brusliing the roof or floor (see 
Art 103). 

Work at the face. The pressure caused by settling of the roof is utilized in breaking 
coal at the face. Fig 762, 763 show sections through typical faces. The roof between gob 
and face is supported partly by props on about 5-ft centers along the face and partly by the 
Btail-road packwalls; the distance between gob and face is commonly 10 to 12 ft. With 
bad roof, collars are placed between props A and B, or every 3rd or 4th prop R may bo 
replaced by a timber crib 3 to 4 ft sq (oog or chock). The face is undercut by hand or 
machine, and is generally supported by sprags R, set on 4 to 6-ft centers. Sometimes 
lateral support in the form of “ cockermeg.s " B, Fig 763, is also required. When under- 
cutting is completed, the sprags are knocked out and the face is allowed to fall. Under 
ideal conditions the roof pressure breaks the coal down; frequently the coal must be 
wedged or blasted. The broken coal is then loaded, the fresh face dressed, a now row of 
props set near the new face, packwalls are extended, the excess waste is gobbed, and the 
tracks are shifted. Props C are pulled if possible and if sound are reused. For further 
detail, see Practice in Illinois, below. 

Distance between stall roads is from 36 to 150 ft. Hughes (363) summarizes the 
factors determining this dimension as follows: (a) the f€u;e between 2 stall roads must be 
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advanced regularly and rapidly, which is difficult with very long faces; (5) stall roads 
spaced too closely involve excessive first and maintenance costs; (c) seams too thin for 
cars to run along the face require close spacing of stall roads; (d) the number of stall 
roads depends somewhat on the output required; only 2 cars at a time can be run into a 
section of working face between 2 roads, i e, one from each end; (e) number of men work- 
ing at one section determines its length and hence the distance between stall roads. 

Modifications of longwall for inclined seams are chiefiy to secure a working face and 
haulage roads, directions of which allow convenient handling of coal. On dips to 5° the 
stall roads are run to the rise, the working face being parallel to the strike and therefore 
horiz. On dips of 5® to 12® or 15® the roads may be at an angle to the dip, thus keeping 
grades within the limit of hand tramming. Pitches to 30® are sometimes worked to the 
dip instead of to the rise; cars run down the stall roads by gravity, pulling a hoisting rope 
after them. The limit for such work is about 30®, where packwalls begin to slide. On 
STEEP DIPS, filled flat back (longwall) or stepped-*face stopes may be used (Art 60) ; stall- 
roads then become chutes or mill-holes. See also Miller mine near end of this Art. See 
Bib (355, 363, 367, 370) for details and variations of foreign longwall practice. 

Practice in Illinois. Data from S. O. Andros in 1914 (366). This is one of the few 
American regions where longwall has been successful. Table 92 shows size and char- 
acteristics of the seams and dimensions of workings in 11 mines. 


Table 92. Data on Illinois Longwall Mines 


Mine 

No 

Depth 

of 

shaft, 

ft 

Thick- 
ness of 
bed, in 

Size of 

shaft pillar, ft 

Distance 
between 
cross en- 
tries, ft 

Angle betw 
cross and 
main entry 
=» angle 
betw room* 
and cross 
entry, deg 

Distance 
between 
room cen- 
ters at 
face, ft 

' Width of 
roadways, ft 

Width of 
packwalls 
on road- 
1 sides, ft 

1 

Main 

and 

cross 

Room 

I 

413 

39 

400X600 

225 

45 

42 

9 

8 

12 

2 i 

465 

44 

250X 250 

225 

45 

42 

9 

9 

9 

3 ! 

398 j 

42 

550X550 

240 

45 

42 

9 

9 

9 

4 

546 1 

40 

(6) 

200 

70 

42 

10 

10 i 

12 

5 

135 

36 

360X560 

275 

45 

42 

7 

7 

12 

6 

100 

36 

150X300 

225 

45 

42 1 

7 

7 

9 

7 

200 

37 

350X450 


45 

42 ! 

8 

8 

9 

8 

300 

40 


225 

45 

42 

9 

8 

12 

9 

(a) 

42 

i 

320 

30 ; 

40 

8 

5 

9 

10 

480 

42 

1 500X500 

225 

45 I 

42 

9 

7 5 

12 

It 

530 

34 

600X3600 (c) 

225 

45 

49 

8 

8 

12 


{a) Moi)e {b) No pillar, (c) Prutocts J hoisting shafts. ♦ Stall roads. 


SoU Immediate roof is shale, except for small areas of mine No ,5, >\here roof is sandstone. 

Floor i.M fireclay, hard, sandy or .soft. Mine No 1 has sandstone floor grading into hreclay, in mine 
No 3 a hard sandy shale underlies coal in places Coal in all mines contains lense.s or bands of clay, 
pynte, or sulphur bails, 2 to 21 in thick. 

All of the mines are worked by longwall advancing and with one exception have vert 
shafts. The greatest difficuilty in starting operations is tu form the shaft pillar and estab- 
lish the woi king face U.sually in this district, after the hoisting shaft and air shaft have 
reached coal, a mam entry is driven alxjut 225 ft from each .side of the hoisting shaft. 
From the air shaft 2 entries aie driv'en m oppo.site direction.? at right-angles to the main 
entry, to the edges of the proposed shaft pillar. The latter is usually blocked out by 
driving around it a 9-ft entry E (Fig 764), called the “ entry-uround-pillar ” (Fig 760). 
Largo pillars are desirable, to protect the shaft and provide a long working face. Another 
9-ft entry is then driven around the shaft pillar, parallel to E, leav ing a 15-ft pillai between 
the two, bioakthroughs between the entries are about 42 ft apart. Fig 765 shows an 
alternative method, used where the coal in the shaft pillar spalls off; the pillar face is 
protected by a 15-ft paekwall; the 15-ft space betw'oen the 2 entries of Fig 764 is also 
packed with gob. Sometimes an entry 27 ft wide is driv'cn around the pillar and 2 pack- 
walls are built as the entry advances. One paekwall 12 ft wide is built alongside the shaft 
pillar, and one 6 ft wide on the future longwall fac.e, leaving a haulage road 9 ft wide be- 
tween the two walls and the necessary openings through them for haulage. 

The subsidence following the first break of the roof, as the workings extend outward 
from the shaft pillar, is very violent and will destroy the entry-around-pillar unless the 
latter is well protected. Seven to 10 months are required for driving entries through the 
shaft pillar and blocking it out after the hoisting and air shafts reach the coal. Actual 
mining is rarely begun until the entries-around-pillar are connected and direct ventilation 
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established* In some older mines, no pillar was left to support the roof around the shaft; 
the coal was extracted, allowing the roof to settle gradually till it rested on the door. In 
such case, the shaft timbers are supported on soft-wood 12 by 12-in posts, and the coal is 
removed from all sides of the shaft. The space thus left is filled with soft-wood cogs 
(shanties), and with packs of brushing and mining rock. Through the gob a 7-ft roadway 
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Fig 767 shows a flat working face. The “ places *’ are 42 ft long; their limits are marked by 
“ march props,” as shown. Due to scarcity of labor, about 50% of the ” places ” are worked by 1 
miner, the rest by 2 miners. The crew on a ” place ” is responsible for building pack walls and for 
gobbing as well as for mining. Where possible, an undercut 8r-12 in high and 2-2.5 ft deep is made 
by picking in the fireclay floor. Sprags are 6-8 ft apart; props are set 2-5 ft from the face and 6-8 ft 
apart. With an aver depth of undermining, a good miner can undercut about 20 ft of face a day 
when woiking in soft clay 8-12 in thick. For loading a car, that portion of the coal is taken which 
has been standing longest on sprags. These are knocked out, and if the gob has been properly 
tilled, so that the roof weight rides on the face, the coal breaks from the roof and is ready for loading; 
otherwise, the coal is wedged down. Under fairly 
good conditions about 80% of the coal exceeds 
1 2.5>in size. 

If the floor is sandstone, or if the fireclay is 
much over 18 in thick, undercutting is done in 
the coal itself; this produces much slack and 
increases the number of gob fires, because more 
fine coal goes into the gob with the waste. To 
save time and labor the miner often neglects to 
support the coal on sprags until the usual 2 ft of 
undermining is completed; instead, he makes a Fig 767. A Longwall Face (Plan) 

rut 4-8 in deep and pries dow'ii the coal This 

does not utilize the slow breaking power of the roof; more accidents occur, and more slack and 
smaller coal result than when full undermining is insisted upon. For blasting, black powder is 
used where necessary Practically all undercutting is done by hand. 

The rock obtained from bi ushing the roof, that remaining after building the packwalls, and the 
clay obtained from undermining the coal, are piled in the gob area between the packwalls lining 
the road.M, to help support the roof and control its prehsure on the face After the first break at the 
shaft pillar and face, if the gob area has been properly filled, so that the roof weight ” rides ” on the 
coal, subsequent roof breaks occur every 2 to 6 ft; they parallel the face and extend upward and 
backward from it at angles of 50® or more; cracks are more nearly vert on faces w’hich are worked 
slowly The distance between breaks depend.s chiefly upon the character of roof and the packing 
of the gob, with proper packing it should correspond to the width of coal brought down The 

distance to which breaks extend 
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Fig 768. Longw’iiU Mining, Miller Mine, Wash (CIO). 


into the roof rarely exceeds 15 ft. 
Squeezes which fill a working 
place with roof material occur 
when a room is driven ahead 
of adjacent rooms, or more 
commonly when packwalls are 
defective and the gob area is 
not sufficiently filled There 
should be enough filling for the 
roof to come down gradually 
vMthout breaking off short at the 
face of packwalls, but not so 
much that insufficient weight is 
thrown on the face of coal The 
better the gob is packed, the bet- 
ter the coal “works ’’ W hen part 
of the working face squeezes, the 
fare is usually diverted to pass 
around the squeezed area, some- 
times leaving a small block of 
coal in the gob 

The necessity for artificial 
humidification to prevent coal- 
dust explosions has not been 
apparent in these imnes. Since 


all the coal is removed from the 


.seam as the face advances and tlie excavutum is filled with waste rock, the only sources of dust are 
the working face and the spilhngs fiom ears Dust from the face is covered with shale and clay 
within a few days after it is made and does not accumulate As the aver temp of the air in these 
mines is higher than in room-and-pillar nunes, the relative hunudity ls decreased and moisture is 
absorbed from the dust of ril>s and roads In a few mines, the haulage ways are sprinkled at 
intervals of 1 week to 3 montlis (*Sec 23). 


Miller mine, Wash. Data from S. H. Ash in 1925. A modified longwall method 
was substittitod for breast-and-pillar and chuto-and-pillar systems (see Pierce County, 
Wash, Art 100, 107) in a seam 4^.5 ft thick; aver dip 38°, which i.s considered slightly flat 
for best results. Fig 768 (diagrammatic) shows general plan of work. The coal is worked 
in 0-ft “skips,” about 18 ft apart. On one fat.!e, 500 ft long, 30 miners produced 250 short 
tons per 8 hr. Coal is loaded to a sheet-iron chute, never more than 24 ft from the face; 
q wing, kept under each miner, protects man below from falling objects and guides coal 
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to the chute. Fig 769 shows timbering; props are on 4.6-ft centers along the pitch. Bib 
(610) gives more detail. 

Anthracite district, Pa. Use of longwall has increased with development of mechanical 
loading (Sec 27) and need for mining thin seams. H. D. Kynor, in 1921, describes method 

for flat or slightly pitching seams, Fig 770 
(612). Gangways are 200 ft apart. A chamber 
is driven from lower to upper gangway; a line 
of ‘‘break props" is set; lines of timber cogs 
are built parallel to face and 10-16 ft apart; 
cogs in a line are 6-8 ft apart. In seams under 
30 in thick, rock-packed roads 10 ft wide are 
made parallel to gangways and 60 ft apart; 

Fig 769. Face Timbering, Miller Mine 2~S ft of top rock broken down supplies rook 

for 12-ft walls on each side of road. In 
seams over 3 ft thick, timber cogs support the roof. Fig 770 indicates ease of applying 
scraper loading. 




START OF CHAMBER CHAMBER COMPLETED DEVELOPMENT OF LONGWALL 

Fig 770. Longwall Mining, Anthracite District, Penna (612) 



advancing 'Conveyer disch baulageway vJ hiding 

. . .. v. .. to mine cars « . . 

Lateral entries for No 3 Broken lines show previous 

beading driven from No 2 position of faces 

Fig 771. " V" System, Norton Mine, West Va Coal A Coke Co (608) 


«i V system, Norton mine, West Va. Data from G. B. Southward in 1924 (608) 
Modified longwall is used under roof conditions prohibiting regular longwall. It is appliec 
in Lower Kittanning seam; aver thickness, 6 ft; roof is elate and shale 20-30 ft thick 
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overlain by a sandstone bed 40 ft or more thick; total cover, 25-250 ft. Seam is worked 
in panels 300 ft wide (Fig 771); face is a series of V's, with sides 85 ft long and points 
80 ft apart; angle of V, 45®. Roof over each V is considered as a beam supported by the 
coal, hence character of roof determines max length of span, and depth of cover deter- 
mines amount of coal necessary for support, which in turn fixes the angle of the V. Panel 
development comprises lateral entries 200 ft apart, with cross entries 80 ft c-c. Slab cuts 
are made on the faces; machine cuts are taken to keep the V-angles constant and the 
points in line. Advance cross entries are driven at same speed as faces retreat; hence, 
when face reaches a lateral entry, cross entries have reached the next lateral, through which 
coal goes to haulageway. Only a small amount of advance work is required in this 
combination of longwall advancing and retreating. 

Coal 18 loaded by hand to elec-driven, steel-pan, belt conveyers, which parallel the 
faces (see heav'y dotted lines in Fig 771); similar conveyers take coal without rehandling 
through cross and lateral entries into cars in the haulageway. Props, set behind the face 
conveyers after each cut, and in the area between faces, support the slate; at intervals, 
timbers are removed near caved area and the roof falls. Aver production from 8 faces, 
besides coal from development, is about 750 tons per day of 2 8-hr shifts, by an aver of 
60 men between faces and tipple. The method gives a 600-ft working face in a 300-ft 
panel; it simplifies supervision, drainage and ventilation; accidents few and output per 
man high (608). 

109. BREAKING GROUND IN COAL MINES 

General. Breaking ground (Art 26) is, in coal mines, sometimes called cuttinq cx)al. 
Principles are the same as those of breaking ore or rock, except that coal is relatively soft 
and brittle, and, as a lump product is generally desired, the explosives are of low power 
and number of holes in a given face a minimum. No definite rules can be laid down as to 
location of drill holes and charge of explosive, for the following reasons: widely varying 
LOCAL CONDITIONS occur in different seams, or‘ successive cuts in the same seam. Slate 
partings, “ blowing bencho*^.” pinches or faults, rolls, slips, cleat, and character of the coal 
itself, demand expeiience for properly locating and charging holes. Contract work is 
usual, miners being paid ])y the car of coal or yard driven; they purchase their tools, 
explosives, fuse and caps, and pay their laborers. Since a misplaced or improperly charged 
hole will reduce his earnings, Iwth by increasing his supply account and decreasing output, 
the miner is prompted to take advantage of every possible condition which will break most 
coal w'lth least effort and explosive. 

For example, nuners applyiUK for work in the Southern Anthracite Field of Penna often state 
that they are Mammoth, Puck Mountain, or Lykens miners, as the case may be. ObserNang their 
work, it IS apiuirent that they have studied their particular seam and in locating a drill hole are 
quick to recognize advantages or disadvantages which no rules can cover. Men must work for 
some time as helpers and pass a state examination before becoming miners and allowed to “cut 
coal ’’ 

Drilling. The miner plans his work to suit the conditions and keep his laborers busy. 
Drilling IS done chietly with hand or power augers, mounted on bars or posts. The various 
small and light jackhammer dulls (Sec 15) ha\o been successful m driving gangways, 
especially in the Southern .Vnthracite Field, where work in thin seams retpiires the break- 
ing of consideiable top or bottom rock. To facilitate blasting and obtain a max lump 
product, coal cutters (Sec 16) are widely u.sed in bitummou.s mining and to some extent in 
the Northern Anthiacito Field. C'hain machines are limited to pitches less than 20° to 
25®, those of the “ iiost-puncber ” type are successful in the semi-bitummous coals of 
Washington on pitches up to 3S® (371, 612). 

Explosives used aio black powder, low-power Ngl or ammonia dynamites, and, in 
gaseous or dusty mines, the iiermis.siblo explosives (See 4). The rending effect required to 
produce a large proportion of lump coal is secured by black powder or 15% to 20% dyna- 
mite; practice tends toward the latter. For modes of charging and firing, see Sec 4. 

Examples of practice. Southern anthracite field, Penna. W. L. Cross, Jr, furnishes 
following data on driving gangways, monkeys, chutes, headings, and breasts, in Skidmore and 
Buck Mountain seams at Buck Run Colliery. Fig 772, 773 show methods of driving gangways. 
Holes in coal aro drilled and fired first, the broken coal is removed and the face dressed Then the 
rock holes rre fired, bottom rock being lifted in each case. Aver advance per round, 5 ft, with an 
aver consumption of 25 lb of 35% dynamite. Fig 774 shows driving a monkey m firm and hard coal, 
drilling with hand augers. When near the chute an advance of 1 cut or 5 ft is made in 8 hr. As 
distance from chute increases, advance is slower, because the coal must be reshoveled. Fig 776 
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shows driving a chute entirely in coal on a pitch of 40®-60®. Slightly more than 1 out of 6 ft per 
shift is made; aver powder consumption per 30-ft chute, 60 lb. In driving a heading in Buck 
Mountain seam (Fig 776), the miner in one breast starts a blind heading through the pillar, a head- 
ing from the next breast being driven to meet it. Hole No 1 is charged with 4 sticks of dynamite, 
and the broken coal removed; then hole No 2 is drilled, charged with 3 sticks, and fired; the reeult- 



FRONT ELEV VERT LONOJT Ett 


Fig 772. Driving Gangway, Skidmore Seam 

ing cut should be fairly square. A second out is made by holes 3 and 4, then hole 5 is drilled and 
fired. If second out breaks through to the blind heading, a second hole will be unnecessary, as the 
rib can be squared up with a pick The blind beading is similarly driven, except that usually there 
arc only 2 cuts In Buck Mountain seam, breasts are driven as in Fig 777. All holes are drilled in 
bottom bench in the so-called “ imning seam,” via, the portion most easily drilled and giving the best 
results on blasting, 2 cut and 2 rib holes making an aver round. Cut holes are charged with 5 sticks. 



FRONT ELEV ^ VERT LONQIT SfiC 

Fig 773. Driving Gangway, Buck Mtn Seam 


rib holes with 3 sticks, of 20% dynamite. If necessary to break the ” middle stone,” a 3-ft plug 
hole IS charged with 1 5 sticks of 20% dynamite. Aver advance, one 5-ft cut per shift. Illinois 
METHODS in bituminous coal (Table 94). In flat seams, the face is undercut before blasting. This 
reduces power consumption, minimiees danger from blow-outs and increases yield of lump coal. 
Fig 778, 779, 780, showing holes in faces undercut by hand or machine, are fairly typical of American 
practice. Table 93 summarizes data published by T. Marvin in 1926 (613). 
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Table 94. Data on Blasting in Illinois Room-and-pillar Mines (361) 


Mine 

No 

Type of 
under- 
cutting 
machine 

Depth 
of cut, 
ft 

. Tons 
I>er ma- 
chine, 
per shift 

Height 
of snub- 
bing, in 

Holes 

Black powder 

Method 

of 

firing 

Percent 
of coal 
over 
1.23 in 

No 

per 

round 

Length, 

ft 

Diam, 

in 

Size of 
grain 

Lb per 
ton of 
coal 

1 

Ch 

7 

140 

30 

3 

7 

2 

F 

0 14 

Sq 

(a) 

2 

Ch 

7 

195 


3 

6 

2 25 

C 

0 13 


72 

3 

Ch 

6 

120 

4 

3 

6 

2 

C& F 

0 22 

Sq 

71 

4 

Ch 

6 

100 

4 

3 

5 

2 

C 

0.25 

Sq 

70 

5 

N 



OS 

4 

6 

2 75 

C 

1 25 

Fu 

65 

6 

N 



OS 


7 

2 

C 

1 47 

Fu 

60 

7 

N 



OS 


6 5 

2 5 

F 

0 78 

Fu 

60 

8 

N 



OS 

7 

8 

2 5 

C&CC 

1 00 

Fu 

86 

9 

P 

5 5 

*80 ' 

12 

4 

5 

2 

F 

0 16 

Sq 

73 

10 

P 

5 5 

70 

18 

4 

5 

1 5 

F 

0 21 

Fu 

72 

II 

P 

5 5 

70 

20 

3 

4 5 

1 75 

FF 

0 31 

Sq 

70 

12 

P 

5 


20 

3 

4 5 

2.25 

F 

0 73 

Fu 

70 

13 

N 



OS 


8 

1 5 

C 

1 25 

Fu 

50 

14 

N 


ih) 

OS 


7 

2 5 

C 

1 00 

Fu 

40 

15 

N 



OS 


7 

2 

F 

1 56 


71 

16 

N 



OS 


7 

2 5 

CC 

1 39 


70 

17 

P 1 

5 5 

65 

24 

4 

5 

2 

C 

0 23 

S^t 

70 

18 

P 

5 5 

70 

20 


5 

1 5 

FF 

0 22 


72 

19 

Ch 

6 

130 

20 

2 

4 5 

1 5 

F 

0 50 


65 

20 

Ch 

7 

127 



6 

1 5 

C 

0 19 


75 


Ch = Chain machine. N •• None. P ~ Puncher. Sq =« Sqmbs Fu *» Fuae. OS ■■ Shot 
off Bohd. (o) 79% over 8/4 m. (6) Aver daily output per miner, 7 tons. 


110. FLUSHING 

Flushing (“slushing” or “silting”) correjaponds to sand-filling in metal mines (Art 92). 
It was probably used first in 1884 in Penna for extinguishing a mine fire. It has been 
extensively developed in the U S and abroad, not only to check and isolate fires, but also 
to regulate subsidence (Art 114), and to dispose of culm banks; its use lessens stream 
pollution near anthracite breakers. Following notes are largely from Bull No 60, U S Bur 
of Mines, by C. Enzian in 1913; see also Bib (372, 373). 

Materials for flushing. Culm (Sec 34) is excellent; easily drained and when well 
packed resists heavy press. Compact culm will often stand in a vert face without timber, 
and can be driven through without spiling. Having low abrasive qualities, culm is readily 
conveyed by water in pipes and launders. Its use for flushing is decreasing with the 
widening sale for finer sizes of coal. Ashes, sometimes available at steam-operated mines, 
wear pipes more than culm, but resemble the latter m other respects. A drawback to 
their use in anthracite mines is that they mix with coal mined next to flushed areas and 
can not be separated from the finer sizes in the breaker. Breaker refuse (rock, slate, 
and bone) has good supporting qualities. It requires crushing to less than 1.5 in and is 
harder to transport in water than ashes or culm, but rarely chokes the pipes. Sand and 
GRAVEL are effic, but very abrasive; they have thus far proved too costly in the U S. 
Granulated slag is used abroad in mines near blast furnaces. It is an ideal filling 
material, having natural cementing qualities and being strongly lesistant to pres.^ure. .( 

Modes of handling filling material on the surface, between the surface and the mine, 
and underground, resemble those described in Art 92. 

Few data are available on the lateral distance to which filling may be transported in pipes under 
a given head. Silesian practice allows 300 ft horiz for each 100 ft of available head, the distance is 
affected by size of pipe and thickness of pulp. Water in pulps varies from 40% to 90% of total 
vol, depending on grade and size of pipe (or launder), effective head and kind of filling. Troughs 
(launders) (Fig 660) are used where possible, they are often lined with cement, terracotta, or sheet 
iron. Pipes are required to carry pulp under press. Wood-stavb pipe resists acid and abrasion, 
and, due to its lightness and convenient length of sections, is easily installed, but it is unsuited to 
high press, and dries out and collapses when not regularly in use; it wears unevenly and springs out 
of line; its life is short. Steel or W-I pipe is readily attacked by acid water, and is more quickly 
abraded than wood, it is heavier and harder to place than wood-stave pipe and generally costs more. 
Abroad, wood-lined steel pipe has been used. C-I pipe is heavy and hard to liandle underground, 
but resists abrasion and acid water, its life is about 3 times that of W I and 5 times that of steel. 
Bell and spigot joints permit deflections. Location of mine with respect to a foundiy determinea 
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whether this pipe is cheaper than others. Terracotta pipe resists acid and stands wear until the 
glaze wears off, after which abrasion is rapid. It is unsuited to high press and because of its brittle- 
ness must be handled carefully and protected from roof falls. Its cost is comparatively low, but 
its life is short. Glass-lined pipe has been satisfactory in Europe, in an effort to reduce wear at 
bends and elbows; its high cost practically prohibits its use in the U S. Porcelain-lined pipe is 
highly effic for small-size filling material, as it has exceptional wearing qualities, resists acid and has 
low frictional resistance, it is widely used in Europe, but is too costly in U S. In Penna, wood-stave 
pipes are probably moat used for low heads, C-I or steel pipes for higher heads; much flushing is done 
through unimed bore holes and troughs; the latter are preferable to pipes. 


8er««nt 15* 
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Table 95. Size and Spacing of Props in Barricades 



D « diam of 
prop, in 

8 « spacing of 
props c to c, ft 

B « haunch 
distance, ft 

Flat workings, 0® to 10® 

D = L 

S = W -f- H 

W-i- 2 

Chute workings, 10® to 25® 

D = 3L-4* 2 

S « 2 W 3H 

W+ 2 

Pitch workings, over 25® . . . . . 

D = 7L -5- 4 

S » 4 W -J- 7 H 

2 W 4- 3 


W «■ width of opening, ft. H = height of opening, ft. L = length of prop, ft. Number of 
props required for a barricade «=• (W -i- S) -f 1. 


Data in Table 96 are from plants with capac of at least 400 cu yd daily. 


Table 96. Costs of Flushing in the XT S, per cu yd (C. Enzian, in 1913) 



Surface transport 

Intermediate 

transport 

Material 

Gravity 

Scraper 
or con- 
veyer 

1 

Pump 

Shaft or 
slope 

Bore 

hole 

Culm 

1~1 1/2 

4 1/2-6 

2 1/4-4 

1/4-1/2 

1/10-2/ 10 

Culm mixed 
with crushed 
breaker and 
boiler refuse 

4-51/2 

71/2-10 

5 1/4-8 

8 / 4-1 1/2 

2/lO-VlO 

Local hy- 

draulicked 
sand, loam, 
gravel, clay, 
etc 

8-14 

1 1 1/2- 
181/2 

91/4- 

161/2 

9/1&-1 3/4 

3 / 10 - 7/10 

Local crushed 
sand, loam, 
gravel, clay, 
etc 

30-40 



1-1 1/2 

[ 

4 / 10 - 8/10 

Material from 
a distance in 
returning 
empty coal 
cars 

Cost of material, loading, 
freight, unloading, prepar- 
ing and surface transport 

1-1 1/2 

4 / 10 - 8/10 


Under- 

ground 

tr’sport 

Distri- 

bution 

Drain- 

age 

Total 

Trough 

( 1 ) 

a 

pC 

Flat workings j 

Chute workings 

Pitch workings j 

Incidental | 

Special 1 

Minimum j 

Maximum | 





4^ 





0 

0 

Ol 




CO 



■ t 

i 

S- 


> 

j. 

i 



0 


Add 25% to each cost specified 


111. TIMBERING. USE OF STEEL SUPPORTS 

Timbering in coal mines is similar to that in metal mines with differences in detail and 
terminology. Props, and 3-piece sets (Art 20) for gangways, etc, are of round timber. 

Common sizes of legs (posts) are 10 to 14-m diam, of collars (caps) 8 to 10-in; in 
Penna, legs have a batter of 2.5-3 in per ft, in bituminous mines they are often vert. 
Lagging is 3-in round or 6-in split, in 6-ft lengths. Sets are usually 5 ft apart; in heavy 
ground they are doubled, at 2.5-ft centers. In moderately thick pitching seams, gang- 
ways may be timbered with a single row of lagged props along the high side, corresponding 
to Stull timbering in metal mines (Art 38, see also Fig 235). When length of such props 
exceeds about 12 ft, they are replaced by 3-piece sets on flatter dips, or by “ post and 
bar ” (half or 2-piece sets. Art 20) on steep pitches. Rooms and breasts are timbered with 
props set with a slight underlie (Art 38); their spacing depends on character of roof. 
Headboards are sometimes used; generally props are wedged against the roof. In flat 
rooms or moderately pitching breasts, where the roof tends to flake off, caps may be 
placed between props, at least over the track or chute (355). 

Steel supports are increasingly used in both coal and metal mines, especially for wide 
openings and those of semi-permanent character, as haulageways, pumprooms and shaft 
stations. Steel vs timber. Steel lasts much longer, especially in moist, foul air. It is 
procurable in sizes that will carry heavier loads than any available timbers. Less excava- 
tion is required and cost of erection is usually less than for timber of equivalent strength. 
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Disadvantages of steel are its relatively high first cost (unless second-hand material is 
available), and that it can not be so readily cut and fitted underground, unless gas-oxygen 
torches are used. It may be required by heavy press regardless of other factors; its 
installation is often justified by saving in maintenance. 

Proper size of steel for given service cannot be definitely computed, because it is 
impossible to measure the weight to be supported. Steel members for replacing timber 
are slightly heavier than required for equivalent strength. In a new region, their size is 
based on experience with wood or steel under similar conditions elsewhere. 

Types. Props may be of standard H-sections, of old rails, or other available material. 
Wooden or steel base blocks and head boards are generally necessary, to prevent props 
from being forced into floor or roof. Fig 785, 786 show examples of gangway sets made 
by the Carnegie Steel Co in numerous forms and sections of leg and collar. Legs are 
commonly of H-section (Fig 786) or of 2 channels (Fig 785) ; collars of I-beams; joints 



Ad]u>UV>le pin and we4g«.«onnected 
gangway act, modarn furm 
Lfgaof Scbannela, with pipe eaparatora’ 
aud resting on baao platea 

Collar, a aiogle I>beatn 

Load distributed to logs by pins and 
wedges. Extra pm boles take up 
dUTcrenoos la width oc height 




Fig 785 Gangway Set, Style B 


simple gangway aet, equivalent to 
3 po aooden aet 
Lega of aiugU H-beams, resting on 
plain or fabricated base plate! 

Collar, a single I or ll-beam 
Load dtstributed to legs by rWett and 
direct bearing. Bent angle lugs prerenk ' 
undue lateral motion 


Fig 786. Gangway Set, Style F 


may be rigid or adjustable. Entry and gangway roofs are often supported by I-beams, 
H-sections or rails, resting on wooden legs, concrete pillars or walls, or in hitches in the coal 
ribs. Arches and cambered girders are widely used in British and Continental mines. 
Lagging may be of wood, or, for fireproof construction, of old rails, sheet steel or corrugated 
iron. Brick or concrete arches are sometimes turned between collars of adjacent sets. 
Concrete slabs, with light wire-mesh reinforcement, may be built over the collars in pump- 
rooms. For examples of steel supports in shaft stations and pumprooms, see Sec 12 and 13 
respectively. For further data, see Carnegie Steel Co catalogs and Bib (374, 375), 


GROUND MOVEMENT AND SUBSmENCE 


The following Articles were written originally by Alan M Bateman, Prof of Economio Geology, 
Yale Univ, Revised in 1926 by H G Moulton, Consulting Mining Engineer. Revised and 
enlarged in 1988 by Stephen Royce, Consulting Mining Engineer and Geologist, and Geologiat for 
Pickands Mather Co 


112. THEORIES AND PRINCIPLES 

Status of information. While ground movement and subsidence have long been 
studied and many theories advanced, data are scanty and often conflicting. 

In the U S, committees of the Am Inst of Min Engs are investigating the subject with reference 
to coal, non-ferrous metal and open-cut mining Best current sources of information are: Coal 
MINING. Comm Rep, AIM E, 1926 (,469) , containing tabulations and data and Bib from 1913 to 
1921. Open-cut mining (470, 471) Genek\l Bull 91, Eng Exp Sta, Univ of 111, by Young 
and Stoek, 1916 (465), contains an extended Bib. (See also Bib 472, 473, 621, 673, 674). 

Economic features. Heretofore, the chief interest in subsidence has concerned surface 
damage, since ground under buildings must generally be supported to prevent injury from 
settlement. In general, subsidence must be prevented where towns are located over 
workings, where settlement would affect the grades of R Rs, sewers and piping; where 
water courses overlie mine workings and subsidence fractures might admit much water; 
and where, in case of largo mines, surface effects would be too great to permit subsidence, 
except in areas containing no permanent improvements. Subsidence can sometimes bo 
controlled to produce such uniform surface settlement that buildings aie not seriously dam- 
aged; as iu case of certain regular coal seams where the coal was completely extracted. 

T — 2S 
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Possible subsidence affects choice of location of mine shafts and surface plant. Mills 
should be placed where they can be supported, or at points safe from settlement; other- 
wise foundations and machinery may be injured. 

The problems of subsidence as affecting mining operations themselves are now usually 
more important than surface effects. In some mining methods, press caused by subsidence 
of overlying strata aids in breaking the mineral; in metal mines, control of subsidence 
reduces mining costs and dilution of ore. Coal-mining practice tends toward complete 
extraction of coal, accompanied or followed by uniform subsidence; this minimizes danger 
of loss from squeezes. Subsidence is sometimes desirable for filling voids, as when extract- 
ing sulphur from deep deposits by hot water. 

General principles. Withdrawal of support caused by removal of minerals subjects 
the overlying rocks to 2 kinds of distortion: (a) local caving of stopes; (b) a general, 
widespread movement. The second type is, however, only an extension of the first. 
The extent of displacement over a large area depends on strength of overlying strata and 
method of removing its support. 

For example, at Hidden Creek mine, Granby Consol Co, Anyox, B C, the orebody was a lens 
of Cu and Fe sulphides; foot wall, slate, hanging wall, greenstone One stope had an unsupported 
roof with a span of 300 ft; top of the arch was approx 400 ft below surface. The ground stood over 
this large area because the roof rock was strong, and formed a strong natural arch over the stope, 
if the arch were not properly shaped, the roof would cave, and, in weaker rock, caving would extend 
over a large area. The extent to which local caving in stopes may^develop into general caving, with 

failure of the surface, therefore 
depends upon the strength, depth 
and character of overlying rook, 
the area of support removed and 
mode of removing it. 

General surface failure over 
a large area is of 2 kinds (a) 
Usual type m coal mining con- 
sists of settlement of bedded 
rocks over worked-out seams, 
where beds are comparatively 
flat and thin, (h) in extracting 
ore from bodies underlying 
massive rocks, the action may be merely local spalling over stopes, but may extend to 
complete collapse of the surface. Subsidence of bedded rocks over coal mines appears to 
involve beam action to some extent; 
the strata bend and break, due to 
tensile stresses. Subsidence of massive 
rocks over metal mines involves failure 
from fracture by compression, as over 
stopes of the Miami copper mine (Art 
86) ; surface cracks first appeared, fol- 
lowed by subsidence along vert breaks. 

Early theories. From studies during 
latter half of last century in France, Belgium 
and Germany, many mathematical theories 
of subsidence were developed. Best known 
is that of H. Fayol in 1886 (467), based 
upon experiment with artificial beds of 
earth, sand, clay and plaster, in small boxes. 

The conclusion was that fracture of the 
ground would spread out in form of a 
dome, the increased vol of broken material 
filling the area affected, finally checking 
movement at some depth bearing a definite 
relation to thickness of mineral removed. 

In homogeneous, or in flat lying stratified 
rocks, these domes tend toward a semi- 
ellipsoidal form, with major axis vert, and 
the base of the half ellipsoid coinciding 
with the limits of mining (Fig 787). As 
mining is extended, laterally or in depth, 
new ellipsoidal domes develop, and the 
older, interior domes continue to show 
increased movement along their surfaces as long as subsidence continues within and below them. 
These successive domes produce the phenomenon shown in workings over a mined orebody, where 



Fig 788. Fayol’s Experimental Subsidence of 
Inclined Strata 





Fig 787. Fayol’s Experimental Subsidence of Horiz Strata 
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the ground is displaced downward in successively greater scarp movements as the center of mining 
is approached. In case of inclined strata, the axis of doming tends to be warped toward the normal 
to the bedding, and lies between that direction and the vert (Fig 788); (205). These reactions 
to subsidence are affected by fault planes 
or other planes of weakness in the terrane 
(Fig 789, 790). For a historical study, see 
Bib (466). Recent experiments in sand by 
W. J. Mead, of Mass Inst of Tech, have 
confirmed the mechanical principles of this 
type of movement, early developed by 
Fayol and elaborated by Goupillidre. 

Recent theories. Following discus- 
sion IS abstracted from a paper by 
George S. Rice (472). Ground move- 
ment, without some of which there can 
be no subsidence. Small movements 
of hanging wall or roof are evident in 
ev'ery mine where falls occur or timber- 
ing is needed, and m deep mines by a 
flow of the rock that gradually closes 



Fig 789. Fayors Experiments with Uncomformable 
Beds 


openings. Greater movements occur in orebodies mined by top-slicing or similar method, 
and in coal mines worked by longwall and pillar withdrawal. The successive changes 
between these first movements underground and surface subsidence are veiled with uncer- 
tainty, even in nearly horiz bodies of homogeneous material. The variables of dip of 

strata, and their strength, possible 

faults, mining method, character and 
depth of overburden, and character of 
the underlying strata, add complexities. 

(See also recent papers, in Trans A 
I M E and E & M Jour, by P. B. 
Bucky, Assoc Prof of Mining, Columbia 
School of Mines, detailing his experi- 
ments on strength of rock strata and 
pillars, and allowable span of roof over 
mine workings. — R. P.) 

Effects of ground movement that 
seriously concern mining, from both 
safety and economic standpoints, are: 
(a) Simple falls of rock or ore. (6) 
“Bumps” (Sec 23). In this case, grad- 
ual settlement of the immediate roof 
probably causes rigid strata above, 
comparable to beams under heavy load, 
to break successively when subsidence 
leaves a sufficiently wide unsupported 
space (622). Such breaks cause a 
Fig 790. FayoVs Experimental Subsidence of Horie hammer-like blow on the lower rocks, 
over Inclinca Beds. (Fig 787-790 from Goupilli^re, transmitted as a shock wave to the 

mine roof; this, being elastic, does not 
collapse, but loose material is thrown down, timber smashed, and wind blasts produced. 
Firedamp outbursts may occur simultaneously, (c) Squeezes in coal mines (Sec 23) may 
cause subsidence, but it is slight, as the pillars remain in place, (d) Flow of rock, even of 
the granitic type, in mines 3 000-5 000 ft deep, as in the Lake Superior district, may slowly 
close shafts or other workings, (c) Extensive falls of hanging wall in metal mines, and 
rock readjustments in deep mines, set up violent air blasts. Such falls sometimes 
occur in thick coal beds, with high open chambers, as in India. (/) Irregular subsidence 
and rupture of upper beds, in room-and-pillar mining. If the beds are close together, 
raining the upper ones may be impracticable, due to difficulty and cost. In longwall, or 
where workings are sand-filled, permanent damage is small, (g) In ore veins that are 
thick, dip steeply, and have relatively weak walls, if sublevel-caving be used, the wall rock 
may slump in with the ore and lower its value. (In Lake Superior iron mines and else- 
where, such dilution is controlled by flooring sub-levels with plank; Art 71. — Author.) 



Mechanics of ground movement. A commission, appointed in 1825, to investigate surface 
cracks in vicinity of the coal mines at Lidge, Belgium, concluded there was no danger from subsi- 
dence over workings deeper than 300 ft. In 1838, Gounot proposed his theory of the law of tho 
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normal, i e, planes normal to dip of the bed limit the fracturing from an excavation. A similar 
theory was advanced about 1838 by Trollea, of France. Later, Rucloux and Durmond, of Belgium, 
Gallon, Culomb, and Goupilli^re, of France, Schulz, von Sparre, von Dechen and Hausse, of Ger- 
many, and Jicinsky and Rziha, of Austria, each developed theories. Schulz criticized the law of 
the normal, considering that the plane of fracture varied with the material and in shale was vertical. 

Although Fayol is generally credited with the dome theory, Rziha apparently first proposed it, 
on theoretical grounds only, in 1881-82; he also believed that stratification of the beds had little 
effect on angle of break, and described a "falling space," approx a spheroid, the rocks within which 
dropped when the force of gravity exceeded cohesion. Surrounding the falling space, Rziha thought 
there was a "friability" or "tearing space"; also that, in very deep mining, the increase in vol 
of the broken rock may prevent surface disturbance, and proposed the formula. /* «=» Af -f- a, in 
which h « harmless depth; a = coeff of increase of vol; M = vert height of excavation. 

Fayol made extensive laboratory tests, as well as mine observations, and in 1885 sum- 
marized the contradictory opinions advanced to that time, as follows: 1. FiXtension of 
movement upwards: (a) movement is transmitted to surface, regardless of depth of work- 
ings; (h) the surface is not affected when workings exceed a certain depth. 2. Amplitude 
of movements: (a) subsidence extends to surface without sensible diminution; (h) move- 
ments become more feeble as they extend upwards. 3. Relative positions of surface subsi- 
dence and mine workings: (a) subsidence always takes place vert above the workings; 
(6) subsidence is limited to an area bounded by lines drawn from perimeter of the workings 
and perpendicular to the beds; (c) subsidence can not be referred to the excavation by 
either vert lines or lines normal to the beds, but only by lines at 45° to the horiz, by angle 
of repose of the material, or by some similar angle. 4. Influence of gobbing, (a) Use of 
packing protects the surface effectually; (5) packing merely reduces the effect of subsidence. 

Fayol’s conclusions were that ground movements are limited by a dome having for 
its base the excavation and that their amplitude diminishes as they extend farther from 
center of the area, this also being true of the vert effects; also that, if workings are very 
deep, there will be no surface subsidence, because of increase in hulk of bioken rock (Table 
97) ; this is not substantiated by more lecent data. 


Table 97. FayoPs Tests on Volumes of Different Materials, when Crushed to Granular 
Size (20 mm) and Compressed; Original Vol being Unity (405) 


(a) Corresponds to vert rock press at depth 
of 1 638 ft 

(5) Corresponds to vert rock press at depth 
of 3 276 ft 

Increase 
in vol 

Vol when ( 

impressed 

I By press of 

1 422 lb 
per 8(1 in (a) 

By press of 

2 844 lb 
per s(i in C6) 

Clay 

2 16 

1 00 

0 90 

Shale 

2 29 

1 28 

1 16 

Sandstone 

2 14 

1 36 

1 25 

Coal ... i 

2 02 

1 30 

1 25 


U S Bur of Mines' tests on naturally broken anthracite mine rook, when compressed in a steel 
cylinder at 833 lb per sq in, showed a bhiinkage in vol of 26 2%. This press was taken to be equiva- 
lent to rock press at 860 ft below surface 

Since Fayol’s work, other enginers have advanced theories and empiric, formulas regarding angle 
of break, angle of repose, probable vert subsidence, and its extent relative to the mining excavation. 
Rice found the assumptions for coefficients in the formulas arc such as to destroy the practical 
value of the formulas, except for identical conditions The possible combinations of factors are 
infinite Factors include the various strengths of rock and earth strata, their relative dryness; 
their dip; shape of excavation and whether packed or not, and, most important, the method of 
mining. 

Tho following diametrically opposed views are still held- (A) Surface subsidence always 
extends beyond the aiea of excavation, a view supported by British authorities, and by 
many instances in the U S. (R) Subsidence does not extend beyond the area of excava- 
tion. The mine subsidence committee of the Mining and (Jeol Inst of India recently 
reported, after making accurate observations at 24 collieiies, that “ Whore no packing h 
done and pillars are taken out completely, the area of subsidence is loss than the aiea of 
excavation; and in seams dipping less than 1 in 5, where no packing is done and pillars 
are completely removed, there is no draw.” That is, the break does not extend beyond 
the vert plane extending from edge of the excavation; a view substantiated by data from 
mines in Penna and West Va (469). See also recent papers on model tests. 

Rice’s experience at the Ladd and Cardiff mines (longwall field of northern 111) shows that 
there is always a draw in advancing longwall. In Great Britain, where this system is in general use, 
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oracka opened in brick buildings ahead of the face, but they mostly closed when aubsidenoe waa 
complete a few years later. Survey monuments and time studies at other mines in the Spring 
Valley, 111, longwall district, have established the fact of draw. But, experience in mines using 
room-and-pillar system and drawing pillars within panels, where surface subsidence was well within 
vert planes bounding the area of pillar withdrawal, confirms the views of the India subsidence com- 
mittee. L. E, Young reports similar findings in III in 1916 (623). 

In investigating ground movement, the arching stresses and strength of rock strata 
acting as beams have been much discussed, but their relative importance is difficult to 
determine. Where the rock stratum immediately over the excavation, acting as a beam 
or flat slab, has broken (and as each successive layer breaks), the beam stresses are trans- 
ferred to an arch spanning the excavation and resting on the solid strata on each side 
(Fig 791). The doming effect is probably a fact, but when the dome reaches the surface 


Fig 792 Rock Layer acting 
as a Fixed Beam, showing 
how doming effect may 
start in horiz strata at edge 
Fig 791. Suggested Mechanics of Room-and-pillar Caving (623) of excavated ground (465) 

its shape may have been modified greatly by the dip and strength of the rocks. Recent 
in.'stances have repeatedly shown that shale, for example, breaks approx vertically, regard- 
less of dip of its bedding planes. Break as shown (Fig 792) is usually nearly vert. 

When an excavation is in a bedded deposit, or thick coal seam, not back-filled nor 
tightly packed, the overlying rock bieaks when its span becomes too great for its strength 
as a beam. The ovei lying stratum acts as a beam fixed at one end pi ejecting from the 
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Fig 793. Effects of Subsidence in Panels of a Penna Coal Mine- dotted lines show cracks, 8-10 in 
wide at .1, and 2 smaller ones at B (623) 


solid, bonce, on breaking near either support, the fracture usually inclines inward toward 
the excavation (I'lg 792). Layeis above break similarly, forming a flat dome increasing 
in height with the successive falls. The edges of such caved strata show a saucer-like 
shape of the initial breaks, if the ground is at all uniform (Fig 703). As the successive 
breaks occur, the space between the broken rock and the roof lessens; finally, if the depth 
of excavation is not too great, lelative to its height and width, the dome breaks through to 
the surface. Meantime, the fragments falling from top and sides of the dome make a 
roughly conical pile, down which the fragments tend to roll and wedge against the dome 
walls. When the pile reaches a height greater than the width of excavation, Rice believes 
there will be an arch thrust through the mass of partly compacted broken rock, which 
tends to prevent further spalling of the sides of the dome or planes of break (Fig 794). 
Civil engineers have considered this in tunneling and trenching in earth and sand. 
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J.^ C. Meem’s experiments (473) with dry sand in a cylinder are confirmed by the behavior 
of dry granular material in high bins; the wt on the bin bottom is independent of the height 
of the column of material above a moderate height compared to the bin diam. The wt of 
material above this height is carried by the bin walls (Sec 12). 

Filling a stope with ore or waste prevents the walls from caving, due to the arching 
effect of the loose rock. Also, after the first load comes on the stulls under a shrinkage 
etope, added filling does not increase the load on the timbers (unless the honz width and 

length of the stope are great. — Author) . In tun- 

0 Origi^^rf^Jevel neling under caved ground, although forepohng 

and heavy timber may be needed, the timber does 
^ I not bear the full load of loose material above it, but 

only the part under the natural arch formed in the 
broken material. As arching of the compacted rock 
fragments supports the sides of the dome, there is 
no draw effect when the room-and-pillar or lim- 
ited-panel method of mining is employed, unless 
the excavation has too great a diam. If an exca- 
vation in a bedded deposit continues on one or 
both sides, as in longwall, the stability of the arch 
buttresses is continually being impaired, and the 
zone of fracturing extends beyond the vert, this 
j . 'y' "^ 30 ^ movement is probably assisted by the shifting 

arch stresses and produces the effects of draw 
n always observed over longwall workings. Draw 

usually usually proceeds at an angle of 65°-75° with the 
honz, but the actual plane of break curves outward 
from the excavation and is affected by the character 
of the ground (Fig 794, 795). In homogeneous rock, 
the plane of break may be the resultant of the \ ert 
wt component and an arch thrust from the broken 
rock, which would add to the load on the rock in 
place, giving the downward movement a disniptmg 
effect. In a very thick orebody, lying at some 
depth and mined by caving, after the first general 
break to .surface similar arching of the broken cap- 
ping would probably prevent the side walls from falling until the descending capping, by 
further caving, had exposed them to a considerable heiglit (Fig 790) ; then normal rock 
slides would occur, as shown in the Miami-Inspiration cave. 

The preceding discussion deals with only a few problems of tliis intricate subject, but 
touches on the most disputed ones. 

Summary of Rice’s views. 1 Mining by room-and-pillar, with the pillais left stand- 
ing, may not cause subsidence unless the pillars are too small or the bed is neai the surface. 
Conversely, the dome of 

Max 8 ubsidejiw,_ 40 -J 0 ^of^oaJ^^iclaiess^ 

^ Arch thrust of broken i 


FED, Ai^le 


of “draw,” 
defined. 

EaD, "Plane of stability” 

EBD, Moving ground tending to slide 
Aa, Thrust of arch from caved 
ground 

Wa, Weight of strata 
an. Resultant thrust 
ns. Rubbing pressure on solid ground 
as. Slide component 
8, Subsidence 

Fig 794. Theory of Stresses in Subsi- 
dence where using Longwall 


breaking will not reach the 
surface unless the deposit is 
very thick, compared to its 
depth, as the broken rocks 
will wedge and their increase 
of volume will fill the dome. 
(Regarding this statement, 
allowance must be made for 
compressibility of the broken 
rocks, which is apt to be high 
where the depth is consider- 
able. — Author.) 

2. When pillars are partly 
or wholly extracted in a panel 
of moderate size, surface sub- 
sidence is ultimately inevitable. 



-Advancing longwall 
Fig 795 Suggested Mechanics of Longwall Subsidence 


Bf/ 
Shaft pillar 


When a deposit is thick, compared to its depth, and the 
lateral width of deposit or panel is of moderate size and the area excavated surrounded by 
a barren pillar or solid mineral, surface subsidence rarely extends beyond the area of deposit 
or panel; that is, there will be no draw, becau.se the arching thrusts of the broken rock 
buttress the walls (Fig 791). Vert subsidence will then approx the height of excavation, 
less amount of broken material left in place; provided the rock strata, after the first falls, 
tend to come down en masse and thus not greatly increase in volume 
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3. Longwall, or equivalent method, inevitably causes surface subsidence, independent 
of depth of deposit, accompanied by a draw; that is, subsidence extends beyond the 
workings, and over the solid mineral to a line subtending an angle of 65°-75® from the 
horizon of the excavation. The angle will be modified by dip of the strata and by faults. 
In longwall, subsidence ranges from 1/2 to 2/3 of the thickness of the bed, varying with 
amount of packing. As long- ^ 
wall is usually practiced only 
when the roof is shaly, the 
packs are so compressed that 
old ground when reopened is 
often as tight and hard as the 
original. Where hydraulic 
sand-filling is used, subsidence 
is negligible. 


Original surface 


Oilglrial posiUon of top 






of workable ore 


Rice’s “plane of stability” 
differs from the angle of repose 
of loose material, because it 
refers to rock or dry earth in 
place It is a warped plane 
extending from edge of the ex- 
cavation to the surface, where 
it meets the theoretical line of 
draw, hence, the hne of draw is 
a chord of the warped plane, 
below which the ground is not 
affected Position of the warped 
plane, with respect to a straight plane, depends on the relations of the arch thrust of the broken 
ground, sliding movement beyond the vert, and resistance of the rocks to rupture under the com- 
bined stresses (Fig 794), 




Fig 796. Suggested Mechanics of Subsidence in Block-oaving of 
a Large Orebody 


113. MISCELLANY, SUBSIDENCE 

Effect of variations in rock structure. Subsidence is affected by homogeneity and 
strength of the overlying rock and by faulte or other planes of weatkness. Homogeneous 
material usually develops its normal lines of fracture and subsidence only at depths great 
enough to cause press exceeding the shearing strength of the rock. Hence, weak rocks 
fail in shear and show lines of fracture outside the area directly above the excavation at 
comparatively shallow depths; whereas strong rocks tend to break in vert planes, or form 
domes within the vert planes at shallower depths, and will not develop subsidence areas 
beyond the area of excavation until greater depths are reached. 

No figures are available, from which an exact relation between strength of strata and depth 
causing complete failure can be determined, but empirical data may be obtained from observing 
paiticular cases; for examples, see Bib under “ Status of Information “ (beginning of Art 112). 
Fractures are often localized at a contact between a harder and a softer rock stratum. Presence 
of Igneous intrusives in a sandstone or limestone formation modifies the lines of subsidence, unless 
the preas resulting from depth of the excavation exceeds the shearmg strength of these rocks. 
Siiuilarly, planes of weakness (as faults) locahze breakage of strata and affect subsidence. 

W. H. C’rane (673, 674) demonstrates the important effects of bedding, fault planes, 
and joint fracture systems, in controlling subsidence movement. He finds that the major 
yield takes place along a mean, or resultant, of the various fracture systems in all directions 
toward the mine openings, weighting them in order of prominence of occurrence as w^ell as 
in proportion to their steepness of dip. The flattest inclined planes of weakness are given 
great weight in determining the ultimate limit of draw, but the actual displacement on 
these limiting planes is apt to be small in amplitude and long-delayed, unless such flat 
fractures greatly predominate in number over the steeper ones. Crane’s work above cited 
was chiefly on the Lake Superior iron and copper ranges. A large predominance of flat 
fractuios in controlling subsidence at Rio Tinto mines, Spain, is described by 
R. E. Palmer (675). 

The effects of “ natural shrinkage sloping ” by local fragmentation of the overlying rooks in 
aubeidence may lessen or prevent surface subsidence, where the rocks immediately over the workings 
are \^eak and fractured, where the rocks above these are physically strong and unfraotured, where 
the total stresses aie less than the shearing strength of the stronger overlying rocks, and where the 
volume of subsidence is small relative to the crossnsection as a whole Where the overlying rocks 
are not much affected by fractures and natural planes of weakness, but are too weak to resist the 
shearing stresses, elhiwoidal domes of subsidence are apt to develop above the zone of fragmenta- 
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tion. Ab the fragmental material is compressed under the weight of these domes, new domes 
develop ol greater width and height until the surface is reached, being drawn in an area which is 
apt to be less than the mined area. Such a case, stopping just short of subsiding the surface, 
occurred at the Brier Hill shaft of West Vulcan iron mine, Norway, Mich (676). 

Wherever subsidence domes intersect important fractures, the yield transfers to these 
fractures and tends to fan out along them. In such event, surface subsidence may be 
greater in area than the mined area underground, or may equal it; w'hereas in pure dome 
subsidence the subsided surface area is usually less than the mined area (Fig 791, 796). 
Where the mined orebodies are along major fracture systems, the ellipsoidal dome sub- 
sidence either does not occur, or is confined to the earliest stages of movement. In such 
case, yield takes place along the local fracture system, spreads to any intersecting fractures, 
and, in any overlying homogeneous unfractured rocks, is controlled by the angle of yield 
in such rocks, or else spreads into them in form of a new system of domes. A case of this 
kind is described by C. E. Mills, at the United Verde mine, Ariz (677). 

Where strong vert fractures, dikes, or other zones of weakness enclose an orebody, sub- 
sidence domes may be confined within such fractures and work up to surface without 
spread, or lateral draw; for example, the Athens iron mine, Negaunce, Mich, as described 
by C. W. Allen (678) and by W. R. Crane (673). In this case, sub-level caving, retreating 
from the deeper end of the orebody, was used to control the progress of caving, lessen the 
weight on the workings, and to delay breaking of the surface and consequent tapping of 
water-bearing overburden. 

Dome subsidence results in a minimum of loss of volume, as subsidence works up to 
surface; fragmentation produces a max loss of volume in subsidence. (Compressibility of 
the fragmented material sometimes lessens its helpful effect. In shallow workings, the 
cantilever or beam action of very strong overlying strata, as limestone or quartzite, may 
arrest the upward progress of caving in workings of moderate volume. But such action 
is rarely long-lived at a depth over 500 ft, unless the span of suVisidence is very small. 
Keying and arching may terminate “ natural stope ” caving at great depths if the dip is 
steep, or the width small compared to length. Natural stopes resulting from reduction 
of volume in concentrating iron orebodies naturally from the jasper m place have been 
found on the Gogebic Range, Mich, unfilled after very long periods. 

Mud runs and air blasts occur when subsidence taps water-bearing overburden so 
as to bring it into contact with openings in the mine. Such dangers are encountered 
on the Lake Superior iron ranges, and sometimes result from tapping a mud- or water- 
filled natural cavity, a common condition in any limestone territory. Bulkheads are the 
only safeguard against these conditions, unless the water can be drained from the suspected 
source of the mud, as at the Kimberley diamond mines (Ait 88). 

The waterhammer effect, produced when masses of fast-rnoving quicksand strike a 
rigid obstacle, is enormous. If solid rock is available in a drift, a bulkhead 12 ft thick, of 
reinforced concrete and hitched 6 ft into the rock at top, bottom and sides, with steel rails 
in the concrete, will stop almost any run. It should be poured from a small sub-drift 
10 ft above the back of the mam drift. If the drift to be blocked is no longer used, some 
30 ft of timber cribbing should be put in on the dangerous side before the bulkhead is 
poured; otherwise, steel plate and oak laminated doors, 2 3 ft thick, can be recessed in the 
bulkhead in a V-shape with the point toward the cave, hung on ball-bearing hinges like 
safe doors. The bulkhead is then provided with 4 or more extra-heavy, 12-m relief pipes 
with valves, which are left open, to be closed slowly when the mud run occurs. Such a 
bulkhead withstood over 2 500 lb per sq in at the Jud.son mine. Alpha, Mich, in 1019, and 
saved the main level, the mine, and the men underground. The site for the bulkhead 
must be prepared with a minimum of shattering, and checked over carefully before pour- 
ing. An 18-in seam of slaty paint rock was forced out under such a bulkhead in the 
Amasa Porter iron mine disaster, Mich, in Feb, 1918. Major disasters have also resulted 
from such mud runs at the Keel Ridge, Mansfield, Milford, and Barnes-Hecker iron 
mines in the Lake Superior region. Properly designed bulkheads have averted them at 
other mines, notably the Chapin and Judson. 

Air blasts result from sudden collapse of large mined openings, which forces air under 
press through communicating workings. Bulkheads, or the blasting in of large volumes of 
ground to block access of air blasts, are the only preventives. 

Accumulation of water in the gob above top-slicing or sub-level caving sometimes causes local 
mud runs. Drainage, blasting in of the hanging wall, and vigilance whenever a usual water flow 
lessens or suddenly ceases, are the chief precautions. Where subdrift caving starts beneath water- 
bearing surface, a back of ore must usually be sacrificed and much lagging and planking be used as 
the slices are taken out, to guard against mud runs. Bulkheads of timber with trap doors at strategic 
points are safeguards. They should be double, V-shaped, and well hitched to the rock or solid ore, 
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and doors fitted to close on cutting a rope, with an axe hung to a chain and staple for this purpose 
only. In reclaiming workings after a quicksand run, bulkheads are the chief protection. Some- 
times 3 or more will fail before a mud rush is stopped by a final bulkhead. 

Spread, propagation, and detection of subsidence. Whether subsidence is of the local 
fragmentation, or the dome type (as already described) ; or follows fracture systems in the 
rocks; or is communicated to surface material above; or is a combination of any of these 
movements, its periphery is always marked by a spreading halo of tension cracks, affect- 
ing the rocks or soil, and any drifts, shafts, structures, pavements, pipes, railroads, or 
other improvements in the affected zone. The appearance of tension cracks is the advance 
notice, as their transformation into shearing movement is the first stage, of subsidence at 
any given locahty. Surface survey monuments should early be set in threatened areas 
and periodically checked to measure their movement, both horiz and vert. Such observa- 
tions, correlated with mining progress, and with geological conditions, make possible the 
forecasting of further damage in time to prepare for it. 

Time-lag element in subsidence is a difficult phase of the problem. There is always 
a lag between mining and the start of subsidence, and nearly always between cessation of 
mining and the end of subsidence. Thirty to 40 million tons in a series of iron orebodies 
in a steeply-dipping formation at Ironwood, Mich, were mined by a caving system over 
25 or 30 years before subsidence amounted to more than local caves at the outcrop. 
Regional subsidence has since been widespread. Shafts and crosscuts underground suf- 
fered 4 or 5 years before the trouble reached surface. Depths of mining ranged from sur- 
face to over 2 000 ft. Changes m rate or location of mining are sluggishly registered at 
surface 1 or 2 years after they occur. Movement is mostly on fracture systems. 

A comparable amount, of iron ore in folded hard iron formation, having great shearing strength, 
has been removed in certain areas of the Marquette Range of Mich over the past 76 years with no 
surface effect, at depths to 1 500 ft or more. On the Menominee Range, a cave from mining about 
1 500 000 tons took 9 years to reach surface, appearing along a steeply dipping fault whose outcrop 
nearly parallels the formation. Mining was suspended during 1 month. Surface monuments 
showed that subsidence ceased within a day of the stoppage of mining, and recommenced within a 
day of resumption. Orebody top was about 500 ft below surface, current mining about 1 000 ft; 
formation dips 60® south; fault, 80° north. 

At an Am copper mine, depth of orebody 1 000 to 1 700 ft, net voids 800 000 cu yd, subsidence 
took 5 years to reach surface along a fault zone of 60° dip; 10 years to reach surface by dome sub- 
sidence under incompetent malpms flows. Lag after mining is several years. 

Rules. Subsidence transmits fastest along fault fractures, the steeper the fracture 
the quicker the transmittal. Doming is more deliberate. Yield on multiple intersecting 
fracture systems is slowest and most widespread. Large deep orebodies subside the sur- 
face later than shallow orebodies of less size. Natural block-caving of a small area in 
steep-dipping soft slate worked up 1 000 ft without spread of area or decrease of volume 
111 1 year at a Menominee Range mine. Keying and arching may indefinitely delay sub- 
sidence m moderate-sized orelxidies in hard rock. When such situations yield, the action 
IS apt to be sudden, with little warning. 

Topography in subsidence. When surface movement has begun, its behavior may be con- 
trolled by topography more than by mining. The Turtle Mountain slide and disaster, which 
wiped out part of the town of Frank, Alberta, in 1903 (476), was caused by the mining of a rela- 
tively thin seam of coal, dipping steeply into the base of the mountain. A landslide on a mountain 
Bide was caused by a relatively slight disturbance. In regional subsidence, a steep mountain side 
takes precedence over low-lying territory in a manner suggestive of hydrauhe head, with most of 
the subsidence working up the mountain side. 

Subsidence in open-pit mining (Art 96, 97) is confined to lateral draw. Large-scale 
open-pit mining began in the great shallow orebodies of the Mesabi iron range, Minn, 
where ore stands successfully on a I /2 : 1 slope, and rock on slopes of 1/4 : 1 to 1/2 : 1. 
This in a bedded formation with dip of 5® and under. On the Gogebic Range, Mich, the 
same beds are open-pitted m 2 mines, the dip averaging 60°-70°. Original practice was 
modeled on Mesabi lines, and serious slides resulted, as ore will not stand successfully at 
steeper than a 1 : 1 slope, diorite at 50°, and footwall slate and quartzite are being cut 
back to a 30° slope. Experience shows that stripping dumps should not be close to the 
walls of such pits, or failure of the walls will be promoted by excess weight. On the 
Cuyuna Range, Minn, ore banks standing at 63° failed, in part due to upsetting press 
from a mica schist footwall, which swelled on exposure to weather. The slope after sta- 
bility was restored is 40°-45°. In exceptional cases ore will stand on a slope of 3 : 1, but 

1 : 1 is about the best that can be expected. These beds dip from 60° to nearly vert. 
Thus, fiat-lying strata are more rtable under open-pit conditions than steeply inclined 
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beds. Surface material stands at angles of 1 : 1 for clay, hardpan, and boulders, 11 / 2 :! 
for sand and gravel, to 1.7 or even 2 : 1 for fine sand. All of these slopes flatten greatly 
if the pits contain water. 

Effect of subsidence on surface structures. Injury is not caused by amount of sub- 
sidence but by its manner. Greatest damage results from irregular subsidence, or from a 
change in relation of subsided areas to adjacent areas. 

For example, a church at Stassfurt, Germany, built of stone masonry about 400 yr ago, has 
sunk 21 ft (due to potash mining) without collapsing. Similar phenomena have been observed in 
the Penna anthracite district But, a building standing at a junction between subsided and undis- 
turbed ground will be damaged The draw resulting from subsidence often causes tension cracks, 
having horiz without vert displacement, as in the foundation of a shaft house of Miami Copper 
Co (625). J. J. Rutledge in 1923 (624) cites damages to buildings from draw resulting from squeezes 
and pillar failure, in advance of completely robbed areas in Oklahoma coal mines. Other causes of 
foundation settlement may result in damage gi eater than those from subsidence in mining opera- 
tions. Another kind of subsidence damage is due to a change in relation between subsided surface 
and adjacent surface, thereby affecting grade lines and drainage. Change in drainage may cause 
overlying land to become water-logged, depreciating its agricultural value. This matter is purely 
economic, relating to damage as compared to cost of preventing subsidence, including loss of nuneral 
left in pillars. 

An extreme type of violent surface dislocation, of earthquake intensity, from sudden 
subsidence of underground workings, often accompanied by air blasts underground, is 
well known in the Lake Superior copper country (see Proc Lake Superior Min Inst, Vol XII, 
p 58, with photographs). The disturbance originates usually from abandoned, inaccessi- 
ble workings; details of the underground movements are therefore unknown. This explo- 
sive type of subsidence results from collapse of large areas of old workings in hard rock on 
pillars that ultimately fail. 


114. CONTROL OF SUBSIDENCE 

Subsidence may be checked by increase in vol of the subsiding area. If the excavation 
be filled wholly or in part by natuial or aitificial supports, subsidence may be controlled 
or prevented. If the control is incomplete, protective steps may bo taken underground 
and on surface. 

In narrow stopes, subsidence is localized chiefly in a caving upwards, continuing until the back 
arches itself and supports the overlying strata. Support is necessary only to sustain the ground 
between the excavation and the top of the arch. Timbering usually suffices, its chief purpose being 
to PKBVENT THE STARTING OF CAVING. In large cxcavations of metalliferous deposits, having 
considerable vert thickness, and in coal and salt, subsidence is often more extensive and timbering 
ineffectual. In coal mines, the necessity of artificial support depends on method of mining, value 
of coal in pillars compared to cost of filling, and value of surface, or amount of possible damage if 
surface is not owned by the mine 

W. R Crane (673) suggest^ minimizing surface effects by following means* (1) carry woiking 
face or long dimension of the workings parallel to the principal line of draw, (2) leave blocks of 
unmined ground to be removed later, if po8.sible; (3) fill with waste rock in blocks between pillars; 
(4) fill surface caves at outcrop of ore with waste rock to support walls, (5) blast out hanging and 
footwall rock to fill the cave, if practicable. 

Shaft-pillars. Young and Stoek (465) summarize rules from different authorities for 
calculating shaft-pillars in flat coal seams, as follows: Merivale. = 22 V/> -r- 50, 
where S « length of side of pillar, yd, * depth of shaft, fathoms. Andre. Area of 
pillar for a 450-ft shaft is 35 sq yd; area increases 5 sq yd per 75 ft increase m depth, 
Dron. Draw a line enclosing surface buildings. Leave shaft-pillars so that the extension 
of solid coal beyond this line = 1/3 depth of shaft. Wardle. Pillars not less than 120 
ft sq, increasing with depth of shaft. If the minimum be 120 ft sq for depth of 360 ft, 
add 30 ft for every added 120 ft of depth. Hughes. Allow 1 ft breadth per ft of depth; 
hence, a 600-ft shaft should have a pillar of 300 ft radius. Pamely. Up to 300 ft, make 
pillar 120 ft; for greater depths, add 1 ft for every 4 ft depth. Foster, R. J. Radius of 
pillar is 3 VSi, where D = depth shaft, t =* thickness of seam. Mining Engineering 
(London). For shallo w sha fts, allow a minimum of 60 ft radius; for deeper shafts, 
H «^60 + {D 10) where R *= radius of pillar, D « depth, t » thickness of 

seam, all in ft. Robbbton, E. H. R *= (D -5- 6) -|- 2 's/Ut, where R =* radius of pillar, 
D a* depth of shaft, t *= thickness of seam, all in ft. Central Coal Basin rule, III. 
Allow 100 sq ft of pillar for each ft of depth; if bottom is soft, increase by half; if coal is 
thicker than 5 to 6 ft, pillar should be larger. 
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The diversity of opinion regarding shaft-pillars is shown graphically in Fig 797. Fig 798 
shows effect of a shaft-pillar (467) ; depth of seam 453 ft, thickness 60 ft, and on 2 sides 
of the pillar 25 ft of the thickness has been removed. Surface was affected to points C, D, 
and horiz masonry at C\ D' became curved. To protect surface structures, Scotch 



engineers leave pillars 1/3 to 1/5 larger than floor 
plan of the structure. In fiat seams at Con- 
nellsville, Pa, for depths of 150-300 ft, a margin 
of 25-30 ft of coal is left around a buildmg. If 
the tract is large, 50-60% of the coal under- 
lying 18 removed, remainder being left in pillars. 
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Fig 797. Sises of Shaft Pillars, according 
to Different Formulae (Knox) 


Fig 798. Effect of Shaft Pillar on Surface 
Subsidence (Fayol) 


For dipping beds, relative positions of surface structure and pillar are shown in Fig 799 
(474). Richardson (466) suggests “ construction of a cross-sec showing the surface object 
and underlying orebodies; from each end of the object draw lines cutting the reefs toward 
the rise side and making an angle with a horiz plane equal to angle of fracture. The por- 
tion enclosed within these lines is the pillar required. Angle of fracture is taken as half 
way between the vert and normal to the planes of 
stratification. 

The above data apply mainly to subsidence of rela- 
tively thin beds or seams, as in coal mimng. In mining 
large, irregular-shaped orebodies at depth, experience 
shows that shaft pillars are rarelj" long-lived at a steeper 
angle than a 65° cone about the collar of the shaft. 

Conditions of weakness, fracture systems and faults, 
previously discussed, may greatly flatten this angle of 
safety. 

Effectiveness of filling. Vert movement is reduced 
in extent but not prevented. Ordinary filling is com- 
pressible (see tests below), and never fills excavations 
completely. When roof settles, the resistance of filling, 
weak at first, increases rapidly, and soon stops move- 
ment. 

Fig 799. Position of Pillar with 
Belgian engineers believe the most careful packing gives no Respect to Surface Object 
guarantee against damage to surface buildings; it only lessens (O'Donahue) 

subsidence (467) In the Westphalian mines, filling greatly 

reduces vert subsidence, but has httle effect upon its lateral extent (465). A French engineer 
says: "In working by a system which permits the roof to fall, movement of strata gradually 
diminishes and stops at a certain level; with filled longwall, it is almost independent of depth; 
leaving sufficient pillars can alone insure safety of the surface " (467) 

Fayol’s observations at Commentry mines (467) are: (a) Certain seams, 3 25-6.5 ft thick, 
difficult to keep open without filling, have hardly required timbering from the time they were filled. 
(6) For soft rook, formerly used, a hard incompressible rock was substituted, haulageways became 
steady, roof settled much less, and cost of timbering decreased (c) Some filling was done imper- 
fectly; roof slabbed off and required much timber. Filling was then done carefully, leaving no 
spaces. Soon the press was har^y felt at the face, and all timbers could be saved Fayol showed 
that in the same formation, in an excavation 39 in high, subsidence would reach a height of 658 ft 
if the roof sank without breaking; if roof broke, it would reach 541 ft; by filling, it would be reduced 
to 262 ft. 



Summary of opinions: (o) filling greatly diminishes subsidence; (5) does not prevent 
it; (c) minimizing open spaces by careful packing is important. Fayol’ s figures are based 
on mine gob which undergoes fairly high compression; sands or crushed materials 00m- 
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press but bttle (see tests below), but their use is costly and may be impracticable In 
narrow excavations, filling limits and usually prevents subsidence 

Effectiveness of pillars. In general, pillars are the only means of protecting shafts, 
important workings, or surface objects of value In Belgian and English coal fields, 
they prevent surface damage, if about 50% of the coal is left 

Fayol stated respecting room woik that, if enough pillars be left, the surface is unaffected, 
the mesh of the network of pillars and working places should be smaller as workings are shallower 
As depth increases, workings can be enlarged in proportion to area of pillars, provided the different 

sones of subsidence are kept 
distinct from one another The 
structure and character of the 
rocks may modify above state- 
ments, but, in propel ly spaced 
and proportioned workings, dis- 
turbance may be limited to the 
vol within the zones, as in Fig 
800, where odd numbers repre- 
sent rooms with their domes of 
subsidence Zi, Z%^ etc If pillar 
2 be removed, these affect a 
larger area Also, a small pillar 
may not effectively protect a surface object, because the zones of subsidence on either side o\er- 
lap In Clay Co, Ind, in an area which subsided from workings at depth of 20 to 40 ft, an 
outline of each pillar could be traced on the surface Richardson states that on the Rand, 
when a pillar has been left, subsequent pull or draw on each side often causes more damage than if 
no pillar existed 

General conclusions Adequate pillars afford the only effective prevention of subsidcnc e 
for coal mines, unless hydiaulic filling ( Vrt 110) is a\ailable Timbering serves m 
small stopes of metal mines, when its strength exceeds the force exerted by the portion of 
the roof below the dome of equilibri- 
um It IS held that in coal seams 
timbering prevents the overlying beds 
from breaking and expanding before 
general subsidence occurs, hence it 
may increase rather than diminish 
the surface effects Properly spaced 
pillars of sufi&cient size will protect 
workings and surface objects 

Supporting strength of pillars has not been determined Tests show the crushing 
stiength of selected pieces of rocks and coals, but pillars are usually composed of layers 
varying in hardness and friability, laboratory tests do not apply to the pillar as a whole 
In Lake Superior copper mines, lock pillars at 3 000-ft depth, amounting to 10% and more 
of the lode matter (trap rock) have failed by fracture or flowage of the wall rocks (679) 

In making computations, empiiical formulas 
Table 99 Proportion of Pillars for are necessary, aided by an appiox estimate of 
Different Depths, Horiz Strata strengths of the rocks based on tests An avei of 

numerous tests of the Rand quartzite gives a mean 
ultimate crushing strength of 7 521 lb per sq m 
(466) Since tested cubes are weaker than the 
same area in a wide bed, Richardson thinks 
10 000 lb IS a piobable figure, or, at great 
depths, even 15 000 lb Taking sp gr of quartz- 
ite as 2 83, the above figures give 8 183 and 
12 275 ft, respectively, as the depths at which 
quaitzite will fail under its own weight (Table 
99), for inclined strata, multiply the figures m 
the table by the cosine of the dip Ultimate 
strength of trap rock forming pillars in I.ake 
Superior copper mines is 16 606 lb per sq in (465) 
Tests of building stone (475) have little value 
in subsidence, rocks of the coal measures are 
unsuitable for building Moisture lowers crush- 
ing strength of sandstone about 40% (Table 100) 
Tests of crushing strength of Illinois coal gave 
an aver max of 1 486 lb per sq m, coal from the Pittsburgh seam, 3 155 lb (465) An aver 
of 46 tests by Daniels and Moore (478), upon different sized prisms of Penn anthracite. 


Depth, 

ft 

Pressure, 
Ib per 
sq in 

Percentage of pillar 
area for crushing 
strengths of 

10 000 lb 

15 000 lb 

1 000 

1 222 

12 2 

8 1 

2 000 

2 444 

24 4 

16 3 

3 000 

3 676 

36 8 

24 5 

4 000 

4 888 

48 9 

32 6 

5 000 

6 HO 

61 1 

40 7 

6 000 

7 332 

73 3 

48 9 

7 000 

8 554 

85 5 

57 0 

8 000 

9 776 

97 8 

65 2 

9 000 

10 998 


73 3 

to 000 

12 220 


81 4 

1 1 000 

13 442 


89 6 

12 000 

14 664 


97 7 


Table 98 Safe Umt Stresses for Stone (Douglas) 



Crushing, 
lb per sq in 

Shear, lb 
per sq in 

Tension, 
lb per sq in 

Gramte 

1 020 

200 

150 

Limestone 

800 

150 

125 

Sandstone 

700 

150 

75 



Fig 800 Effect of Extent of Excavation on Amount of Move- 
ment (Fayol) 
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with press applied parallel, normal and inclined to the bedding, shows a crushing strength 
of 1 926 lb per sq in (see also Table 101) , 12 samples of bituminous coal gave 1 007 lb per 
sq in. On a clay floor, the bearing power of the pillar does not exceed that of the clay 
(Table 103). 

Supporting strength of filling is greater with fine 
materials than with coarse. Though sands have a 
high percentage of voids, they are almost incompress- 
ible to the crushing point of the grains. Voids of 
broken rock are smaller in percentage, but larger in 
size; as pieces are in contact in few places, the angles 
and edges crush sooner and allow considerable com- 
pression. This crushing takes place under a press less 
than the crushing strength of a single piece. If voids 
of broken rock be filled with sand, its compressibility is 
lessened. Mixtures of large pieces of sandstone and 
shale, used for filling in coal mines, have about 40% 
voids. Fayol states that in workings 300-900 ft deep, such filling is compressed 30%, 

leaving a vol about 12% larger than the 
original material in place (467). The 
commission investigating the Frank slide, 
Alberta, concluded that under aver con- 
ditions settlement would be 5% of thick- 
ness of bed, if ordinary sand were used; 
an inappreciable amount, with granu- 
lated slag; 10-15% with loam, sandy 
clay, and ashes ; 40-60% with dry pack- 
ing (476). Sec Table 102. 

Water should be kept out of partly 
subsided areas; it may loosen sands or 
clays and cause surface movement, result- 
ing in further underground subsidence. 
Workings extending under watery strata 
or creeks may cause downward move- 
ment of water, which will loosen the 
rock and start subsidence. Streams 
flowing ov^er excavated ground should be 


Table 101. Crushing Tests, Pennsylvania 
Anthracite Coal 


Samples from 
Anthracite 
Fields 

Height 

of 

sample, 

m 

Aver per sq in 

First Max 
crack load 

Num- 
ber of 
tests 



1 

3 022 

6 241 

122 

Northern. . 


2 

2 025 

4 087 

116 



4 

1 875 

2 854 

113 



1 

4 996 

7 417 

7 

Eastern Middle 


2 

3 343 

3 857 

6 



4 

3413 

3 821 

7 



1 

3 001 

8 631 

3 

Western Middle 


2 

788 

3 499 

3 



4 

1 440 

2 447 

3 



f 1 

I 124 

3 814 

12 

Southern 


2 

1 1 099 

2 377 

12 



1 4 

988 

1 809 

12 


Table 100. Crushing Tests, 
North Carolina Sandstones 

(475) 


Absorp- 
tion, % 

Condi- 

tions 

Crushing 
strength, 
lb per sq in 

4 2 

Dry 

10 736 

4 2 

Wet 

6 399 

3 71 

Dry 

11 741 

3 71 

Wet 

6 174 


Table 102. Supporting Strength of Dry Filling. Griffith and Conner (477) 


Kind of material in artificial supports 


Per cent of compression 

Hectfingular gob piers, ordinary construction . . . 

Ciicular piers of mine rock, well constructed 

Timber ctips filled with gob, aver construction , . . 

Loose pile of broken sandstone through I 3 / 4 -in ring, 40% 
voids . ... 

Broken sandstone, 40% voids, filled with sand 

Loose pile large sue broken sand rock, 45% voids 

Mine room filled writh bioken sandstone, 50% voids 

Room filled with broken sandstone, 40% voids 
Room filled with broken sandstone, 40% voids filled with 

sand . . 

Room filled with dry coal ashes, 64% voids 

Room filled with dry river sand 

Room filled with river sand flushed in with water 

Room filled with coal culm flushed in 

Concrete pier, I cement, 7 sand and gravel; 5 months old 


Approx depth, ft, of column of coal-measure 
rock, I ft sq, necessary to compress 


Resistance of flushed culm 1 . 0 1 0 

Resistance of flushed sand 35 44 

Concrete pier . . . ^ 36 90 

(a) 27% settlement. (6) 23% settlement, (c) 20.75% settlement, 
ally cracked to pieces under continuous load equal to 600 ft of rock, 
t Comparative. 


1 

3 


10 


46 


8 


48 

12 

27 


44 


46 


13 

12 

40 

in 

522 

32 

118 

117 

1 092 

I.O 

1 0 

3 5 

4 4 

3 6 

9 0 


5 

10 

20 

30 

12 

36 

125 

♦306 

75 

146 

292 

*512 

68 

182 

270 

*419 

20 

53 

124 

*298 

21 

53 

186 

*465 

66 

121 

351 

[ *492 

45 

117 

434 

a6l5 

74 

177 

619 

1 310 

77 

325 

6 000 

68 860 

25 

70 

143 

332 

70 

442 

1 715 

6 640 

891 

2 310 


c8 860 

190 

472 

1 82*2 

5 905 


10 1 I t 

4 7 5 4 t 

(d) (d) id) t(rf) 

(d) Worthless, (e) Gradu- 
* Free to expand laterally. 
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diverted, to prevent inrush of 
water and sand. Water in mine 
workings should be confined to 
drains, to prevent undermining 
or disintegration of pillars; if 
allowed to run through filled areas, 
it carries away the finer materials 
and reduces the vol of fill. In salt 
mines, the water menace is more 
serious. Disintegration of mine 
PILLARS due to oxidation, decom- 
position, slacking, or solution, 
can be prevented by coating 
them with concrete (gunite) or 
plaster. 

116. THE LAW AS TO SUBSIDENCE 

Barring special enactment, or a reservation in the title, the surface owner in U S and 
in the British Empire is entitled under the common law to the subjacent and lateral sup- 
port of his surface. Lateral support applies to the natural land surface only, not when 
burdened with buildings; grant of surface for building purposes implies a grant of lateral 
support; its removal through flow of quicksand into adjacent excavations, with resulting 
damage to buildings on adjoining lands, was adjudged in favor of the building ownei m 
Cabat vs Kingman (166 Mass, 403). This American decision is surprising when com- 
pared with English precedent, where in the case of Popplewell vs Hodkmson (L. R. 4 Ct. 
Exch. 247), it was decided that water drained from subsurface by an adjacent excavation 
and causing subsidence damage to adjoining surface did not give the damaged surface 
owner cause for redress. Again in contradiction is the case in England, subsequent to 
the Maas case, where a quicksand flow into an excavation was found cause for redress of 
an owner of adjoining subsided buildmgs (Jordesan vs Sutton, etc, Co. L. 11. 1809, 2 Ch. 
Div. 217). 

Trend seems to be that removal of lateral support is ground for damages in all cases of 
damage; in the case of buildings the decisions are not so uniform, except where negligence 
in minmg can be shown. Reservations or special agreements may modify rights to lateral 
support. Subjacent support is a positive right of the surface owner in all cases where it 
has not been specifically waived. 

Severance of mineral ownership from the surface ownership does not waive the right to support. 
(Victor, etc, Co ns Morning, etc, Co, 60 Mo. App, 525). It is held that the mineral owner must 
SO mine his mineral as not to disturb the surface. This is true also where the mineral estate has 
been divided into two parts, one below another. The Marquette Cement Co, at LaSalle, III, suc- 
ceeded in enjoining the longwall coal mimng operations of the Ogle.sby Coal Co, 300 ft below the 
former’s limestone quarry, in court proceedings in 1917 and 1918. See Charles H. Shamel- " Min- 
ing, Mineral, and Geological Law ” For recent British enactment and practice, as well as the 
Provincial, Domimon and Colonial laws of the British Empire, see Briggs; “Mining .Subsidence.” 


Table 103. Bearing Power of Rocks, Clay and Sand 


Safe bearing power, tona per sq ft, for 
different materials 

Min 

Max 

Rock (hardest), thick layers native bed. . 

200 0 


Rock equal to best ashlar masonry 

25 0 

30 

Rock equal to best brick masonry 

15.0 

20 

Rook equal to poor brick masonry 

5 0 

10 

Clay in thick beds, always dry 

6 0 

8 

Clay in thick beds, moderately dry 

4,0 

6 

Clay in soft beds ... 

I.O 

2 

Gravel and coarse sand, well cemented. 

8.0 

10 

Sand, dry, compact, well cemented 

4 0 

6 

Sand, clean, dry . 

2.0 

4 

Quic^and, alluvial soils. . . . 

0 5 

1 


116. CONCLUSIONS AS TO SUBSIDENCE 

Subsidence is the almost universal result of large-scale mining operations. Foresight 
in the location of shafts, equipment, and townsites, outside the zone of probable subsidence 
of the orebody and any likely extension thereof would save the industry much 
expense and the loss of untold tonnages extending under cities, the replacement of which 
cannot be borne by the mining profit. 

The natural laws governing subsidence are, in principle, clear. The haphazard appear- 
ance of subsidence action is illusory, and is due to the interaction of these principles with 
varying local conditions. Certain broad generalizations are possible, but are safe only 
where not contra-indicated by local conditions. Deep-level, regional, large-scale, long- 
lived subsidence in rock has a tendency to develop an ultimate angle of draw of about 63®. 
Subsidence at Bisbee, Ariz; Ely, Minn; the footwall on the Gogebic Range, Mich; the 
Eastern Menominee Range, Mich; to name a few deep-level cases in widely divergent geol 
settings, all have angles of draw close to this figure. Extreme depth, closing local fr^tur© 
systems by simple pressure, tends to confine subsidence to the doming type, which in turn 
tends to maintain draw within about a I /2 : 1 slope. 
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The exact depth at which rock flowage exists in the undisturbed crust of the earth is 
unknown. Mining depths have already encountered rock flowage in pillars and other 
points where the unit stress is multiplied over that normal to undisturbed ground at the 
same depth. The sheared, schistose, sheeted, and jointed rocks of the Pre-Cambrian, 
often yield by a pseudo rock flowage at depths as shallow as 1 000 ft. Actual yielding 
takes place along the shear and joint planes with which these old rocks are scarred. 
Such yield is usually a slow, creeping process, rather than the violent and sudden collapse 
of younger and less scarred rocks. Experience emphasizes the wisdom of allowing ample 
margins of error for the safety of expensive shafts, equipment and buildings, town-sites, 
and other improvements, to guard against the appearance of unexpected local factors. 


PLACER MINING METHODS 

Revised, 1940, under Direction of O. B. Perky, E.M. 

Introductory. Classification: (a) Surface methods which are applications of open-cut 
work (Art 95^101), and of dredging (Art 128, 129). These are the most important and 
varied, since most placers occur at or near the surface. For a detailed classification of 
methods and equipment, see Bib (181). (b) Underground methods for deep or buried 

placers (Art 117) are known as Drift Mining or Drifting (Art 130). 

Placer mining includes the work of excavating and transporting placer gravels, and of recovering 
their contained gold or other valuable nuneral, which n usually done by concentrating or “washing** 
the gravel in running water. All the common methods of excavating and bandhng earth and rook 
(Sec 3, 5) are utdised where suitable. The term placer mining, as sometimes used, excludes hydrau- 
licking (Art 123), dredging, and drift mimng; general term “alluvial mining” then includes all 
methods of mining pLaoers (286). 

Exploration or prospecting of placers, to determine their value and yardage prior to exploitation, 
U done by drill holes or shafts (Sec 25). 


117. PLACER DEPOSITS 

I>efliution. Placers are deposits of sand, gravel, or other alluvium, contuning partidee of 
valuable nunerals in workable amounts. Native gold is the most important placer mineral; a lart^ 
part of the world’s output of platinum and cassiterite (stream tin) is deriv^ from gravels; other 
minerals for which alluvial deposits are regularly worked include monaeite, columbite, ilmenite, 
siroon, diamond, sapphire, ruby, and other gems; native Ag, Bi and Cu, amalgam, palladium, 
cinnabar, occur occasionally in gravels; some phosphate deposits (Art 98) may be classed as placers. 
The terms “gravel deposit,” “gold-bearing gravel,” and “alluvial deposit” are used loosely instead 
of “placer” or “placer deposit ” The following paragraphs deal chiefly with gold placers; their 
bearing on other placers is obvious. 

Geology. “Three conditions operate to form placers: (a) Occurrence of gold in bed- 
rock to which erosion has had access; (h) separation of gold from bedrock by weathering 
or abrasion; (c) transport, sorting, and deposition of auriferous material derived from 
erosion. Erosion, while operative in most cases, is not absolutely essential, as residual 
placers may be formed by the weathering in place of auriferous bedrock” (377). The 
primary source of placer gold is almost always in auriferous veins, stringers or other 
orobodies. These deposits were not necessarily rich; they may have been entirely eroded, 
or their remnants may not be workable. 

^ Gravel deposits are often concentrations of enormous volumes of rock, in which gold may have 
existed in stniigers too small to mine. Thus, in the Klondike, no large orebodiee have been found 
in connection with the placers; the prevailing country rock is schist, containing numerous unwork- 
able quartz stringers sometimes showing gold. To produce the present placers, it is estimated that 
136 cu miles of rock, averaging less than 2^ in gold per ton, have been eroded and concentrated. 
Some gold may be deposited from solution in residual placers; this agency is ummportant in the 
deposition of gold or formation of nuggets in stream gravels (307, 378), 

Weathering and erosion. Deep secular decay of gold-bearing rocks preceded the formation 
of most important placers; it can occur only in base-leveled regions of topographic maturity. 
Under such conditions, rocks break down into clay and fine particles, which are removed by wind 
and slow-moving water. This effects surface concentration of heavy and resistant nunerals, and 
sometimes forms commercially important residual deposits, as the eolian placers of Australia. 
A subsequent uplift which rejuvenates the streams will cause rapid removal of the residual mantle 
and further concentration of its heavy minerals along water courses. Placers formed by the con- 
centrating action of running water are called sorted pdacbrs. Rapid erosion of fresh rooks by swift 
streams rarely produces extensive placers. A geological history involving several cycles of base 
leveling and uplift favors the formation of rioh placers, as deposits of one period may be reconoen** 
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trated in streams of a later cycle Many rich placers in Alaska, California and Victoria were thus 
formed, they are called resorted placers (377, 379, 307) 

Distribution of gold m sorted and resorted placers is irregular, normally, but not 
invariably, heavy gold is concentrated on bedrock or within a few ft of it, coarse gold is 
sometimes scattered through the lower part of a deposit, but, except in minute quanti- 
ties, gold 18 never distributed uniformly through a great thickness of gravel In small 

creeks, pay gravel may occupy the whole width of 
the stream bottom, in larger streams, there may be 
some gold at all points on bedrock, but most of it 
IS usually concentrated along a narrower streak, 
known as the “paystreak,” “pay-lead,” “channel,” 
“run of gold” (England), or “gutter” (Australia) 
Paystreaks often follow devious courses, bearing 
no apparent relation to that of the present stream , 
Fig 801 shows a case in point Paystreaks may split 
oi cut off suddenly, they may or may not occupy 
the deepest part of a stream channel, they may form 
at any elevation in a gravel deposit, on top of a 
stratum of clay or other impeivious material, 
which is called a “false bedrock” Some placers 
have several paystreaks, thus formed and overlying each other (307) 

Various hypotheses have been advanced to explain the formation and idiosyncrasies of pay- 
atreaks J B Tyrrell holds that Klondike paystreaks occupy the bottoms of the original V-shaped 
gulches formed in the early period of stream action Clay is the chief product of secular decay and 
IS quickly removed by active erosion, hence, gold concentrated in such weathered material would 
be deposited in the bottom layer of the sediments laid down in a new stream As the stream widened 
and meandered the paystreak would be covered A later uplift might produce a new gulch at a 
lower elevation, depending on its location, the old paystreak might descend into it or remain in 
its original position (see Bench placers below) H L Smyth points out the fact that the whole 
contents of a stream bed must be in motion to allow concentration of heavy minerals, such motion 
occurs in young streams where gravels are shallow and floods occur Lindgren ascribes paystreaks 
to the following causes (a) partly to a natural “jig-hke” movement in moderately deep, water- 
soaked gravels, during long conditions of fair balance between loading and erosive power of the 
overlying stream, (6) partly to a slow forward and downward movement of large bodies of stream 
gravels, which would allow heavy minerals to work downward, (c) largely to the fact that heavier 
gold particles entering a stream bed from an adjoining hillside are not carried out onto gravel flats 
of streams of gentle grade (the only ones that have extensive flood plains) , but settle on the marginal 
bedrock of the gravel flat As the flood plain widens, it covers the accessions of gold along its margin 
and the final result is a paystreak resting on bedrock and lying under barren or lean alluvium (380, 
379, 377, 307) There is no essential disagreement between these statements, all the agencies noted 
probably act at different times 

Glacial gravels may contain gold, glaciers dissipate the gold which thev pick up instead of 
concentrating it Hence glacial gravels have little economic value unless they have been concen- 
trated by post-glacial streams or have derived their gold from an unusually rit h primary source 

Gradient of auriferous water courses varies between wide limits Lindgren (307) states that the 
most favorable conditions for concentration of gold exist in streams of moderate grade, say 30 ft 
per mile If sediment is deposited in an overloaded stream, concentration of coarse gold ceases, 
conditions for formation of rich placers are also less favorable where erosion is very r ipid, unless 
the gold supply is unusually abundant California streams m the Sierra Nevada have grades of 
60 to 100 ft per mile, many in Alaska have grades of 100 to 160 ft per mile Depressed or elevated 
ancient river beds may have been tilted and the original grades much modified 

Summary A knowledge of local geology, regional geological history, and physio- 
graphic development is a distinct aid in placer mining, it furnishes an hypothesis on whn h 
to base prospecting, exploiation, and mining Further data on the geology of placers are 
given below and m Art 118, see also Bib (307, 377, 378, 379, 380) and U S Geol Surv Bull 
337, 410, 498, 633, 634, 592, 739 

Placers may be classified according to their origin into residual, sorted and resorted 
placers, as above From the mining standpoint the following grouping, based largely on 
form, 18 more useful (a) Residual placers, which, when formed directly over outcrops 
or on gentle slopes below them, are sometimes called “eluvial” placers Residual placers 
are relatively unimportant, their valuable particles are not rounded by abrasion, con- 
centration m them is superficial, the richest part being at or close to the surface (379). 

(b) Hillside placers occur on valley slopes, are not m well defined channels, but are 
somewhat sorted by water, a transitional type between residual and gulch gra\els. 

(c) Gulch or creek placers are gravel deposits in, adjacent to, and at the level of small 
streams (Fig 802) , they are usually shallow. Gulch placer sometimes denotes gravel in 
gulches which are dry or carry intermittent streams (d) Bench placers (terrace gravels) 
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are fragments of old stream gravels partly removed by subsequent stream action which 
has cut deeper into bedrock. They may occur on the flanks of present valleys (Fig 802), 
or as remnants of a previous drainage system, the course of which has no direct relation 
to existing streams. The White Channel, in the Klondike, is of the latter type, (e) River- 
bar PLACERS occur in bars and gravel flats adjacent to large streams of gentle gradient; 
their surface often lies a few 
ft above normal water level. 

Fine gold is deposited by exist- 
ing streams in bars at points 
where the velocity of the water is 
checked (Sec 2, Art 21). (/) 

Cravel-plain placers are 
formed in flood plains and deltas; 
the term is not strictly defined. 

The wide valley at Oroville, Cal, 
formed by meandering of the 
Feather River, is a gravel plain; 
also some of the tundra placers 
of the coastal plain at Nome, ^Vlaska (383). (g) Beach placers (marine placers) are 

formed by the concentrating action of waves on a sloping beach. 

Gold m beach placers may come from a sea bluff of nuriferoas gravel, broken down and concen- 
trated by the surf, some beaches are probably enriched by gold brought to the sea by nearby 
streams. Nome beach, a famous example, is 50 to 75 yd wide, slopes 4® to 5° and abuts an escarp- 
ment of gravel, muck and tundra 10 to 20 ft high (Fig 803); workable placers occupied 20 miles of 
beach. Fine gold is concentrated near the bottom of lenticular masses of garnet and magnetite 
sand, which are 5 to 9 ft thick and normally rest on a clay false bedrock. The lenses are rarely more 
than 100 ft long, and are not uniformly enriched over the width of the beach. The richest pay was 
usually in lenses 5 to 6 ft wide by 2 to 6 in thick (377, 381). Beach placers, consisting of surface 
concentrations of very finely divided gold in magnetite and garnet sands, occur on Kodiak and 

Popoff Islands, Alaska, on the coast 
of Oregon and elsewhere. They are 
constantly shifting; in places, beaches 
are rew'orked annually or after storms. 
Beach deposits must usually be mined 
by simple hand methods (Art 119). 
Many disastrous attempts to work 
them on a larger scale failed to recog- 
nise that while individual thin layers 
may be rich, the aver value of any 
considerable depth of sand is very low. 
Wave action sorts beach material into 
equal-falling grains (Sec 28) ; where the gold is very fine and associated with fine magnetite and 
garnet sand, it is difficult or impossible to recover it by ordinary placer mining apphances (382). 

Buried placers (“deep placers” or “deep leads,” Australia) exist in many districts! 
any of the above deposits may be a buried placer, for example: 

A general subsidence, or overloading of streams, may deeply bury the accumulated placers under 
barren alluvium. In the Fairbanks district, Alaska, deep gravels, laid down as creek gravels in 
ancient water-courses which occupied the present valleys, are now buried under 20 to 300 ft of 
alluvium. Bedrock of the old streams w’us a little steeper than that of the present valley bottoms. 
Moat of these channels are centrally located with reference to the bedrock slope of the present 
valleys; present streams occupy asymmetric depressions, one wall of which they follow closely. 
The gravels are covered with “muck” (Alaskan term for black humus, fine sand, clay and silt), 
derived partly from the valley slopes and deposited in part by sluggish streams. Near the head- 
waters of the creeks, the deep gravels merge w'lth those of the present streams (383). 

The Tertiary stream placers of the Sierra Nevada, Cal, w'ere covered by deposits of rhyolitic and 
andesitic tuffs and breccias m places 1 500 ft thick. The region was then elevated and a new stream 
eystem eroded the present canyons, some of which are 2 000 or 3 000 ft deep. Old gravels now rest 
as more or less connected remnants, on the summits between the modern canyons (307). Similar 
conditions, with basalt flows, occur in Victoria. Near Nome, 7 buried beach placers have been 
found in the coastal plain, indicating periods of subsidence or elevation which shifted the position 
of the coast line. The richest is the Third Beach, lying 20 to 124 ft deep and 3 miles inland from 
the present beach, which it roughly parallels; it has been traced 5 miles, and contains placers like 
those of the present beach (384) . 

Dry placers is a term applied to auriferous alluvials of various kinds, occurring in arid regions. 
They seldom lend themselves to large-scale work, but contribute a fairly consistent small output of 
gold from southwestern U S and Western Australia (Art 119). For description and for “dry- 
washers.” see Bib (409, 462, 606). 


, . Co*«ul puip 



Fig 803. Beaoh Placers, Nome, Alaska (U S Geol 8urv) 




10-536 


PLACER MINING METHODS 


118. CHARACTERISTICS OF PLACER GRAVELS 

Size of gravel varies from fine sand to boulders of several tons. Numerous largo 
boulders may prohibit methods like dredging (Art 128, 129) ; they increase cost of hydrau- 
licking (Art 123) or other methods, as they must be broken by blasting or handled with 
derricks. Size of gravel affects the amount that can be washed or concentrated with a 
given volume of water, and hence the rate of return on invested capital. In general, the 
duty of water (Art 123) is highest for small gravel; duty may be reduced by very fine 
gravel which packs in sluices (Art 124). Best operating results are obtained with a gravel 
consisting of mixed sizes; pebbles assist in disintegrating clay, and sand increases carrying 
capac for stones. The term small gravel has various meanings in placer mining; thus, 
gravel containing stones to 6 or 8 in diam is small for dredging and large for shoveling-in 
(Art 121). 

Shape of gravel may be round and water-worn, sub-angular, or angular. The duty of water in 
washing gravel is less with angular stones; also with those predominatingly flat. 

Character of fine or cementing material. Some gravels consist entirely of rounded 
stones with a little sand ; others, of stones embedded in a clay matrix. At times the fine 
material is so solidified by chemical action as to cement the stones together, forming 
CEMENTED GRAVELS. Loose gravel and sand are easily excavated and washed, but it may 
be diflBicult to hold the water in dredge ponds in such material. Values in deposits con tam- 
ing much sand are apt to be “spotty” ; extensive sand layers are usually barren. Stiff clay 
increases cost of excavation; in dredging, it reduces output, increases repairs, and prevents 
free discharge of buckets. Some clays break up readily in water, others (“sluice robbers”) 
form balls that roll through sluices and pick up gold or amalgam. Cemented gravel 
increases costs like stiff clay, but to a greater degree; it prohibits dredging if much is 
present; it can often be broken by blasting prior to washing. A few California drift mines 
(Art 130) crush cemented gravel in stamp mills. 

Depth of gravel affects applicability of different methods of mining; see individual methods, 
Art 121-130. 

Character of bedrock. Gold is retained on soft creviced surfaces, where it would not 
lodge on hard smooth surfaces. In schists and slates (especially if they strike parallel to a 
stream course), clay, clayey sandstones and tuffs, gold may work down several feet; it 
also settle® mto minute crevices in hard rock; it has been found in solution cavities in 
limestone to a depth of 50 ft (307). In a new locality, the character of bedrock may be 
inferred from surrounding geology; evidence from shafts or boreholes is more reliable than 
that from exposures in stream beds, in which decomposed rock would be eroded. Large 
boulders of adjacent country rock in the gravel usually indicate hard bedrock. Bedrocks 
of schist, granite, and some sandstone and porphyry, are usually decomposed to a depth 
suflSicient to allow dredging. In one South American hydraulic mine, a granite bedrock 
is rotted to a depth of 5 or 10 ft; though barren, this material must be washed to recover 
the gold lying on it. In limestone and slate formations, Vjedrock is almost always hard 
and blocky, often with deep crevices. Creviced bedrock increases costs, as it must bo 
taken up to recover the contained gold. In hydraulicking, hard bedrock increases cost of 
bedrock ditches. Bedrock of regular contour is desirable for all placer methods (385) . 

Character of gold. Placer gold ranges in size from large nuggets to minute specks 
called “colors.” The size of colors is indicated by the number making worth of gold; 
some gold in the Snake River, Idaho, runs 2 000 colors to 1^. Gold usually occurs in 
flattened and rounded grains; angular pieces and crystallized gold, occasionally found, 
indicate nearness to the primary deposit. Fine gold is sometimes in thin scales, difficult 
to save; scaly gold and more rarely other forms may be coated with a film of S 1 O 2 , Mn02, 
or limonite, which hinders amalgamation. Fragments of quartz often adhere to gold, or 
form part of nuggets. Gold is commonly associated with particles of magnetite and 
ilmenite (“black sand”), garnet (ruby sand), zircon and other heavy rock minerals (307). 
If present in large amounts, black sand may pack in riffles of sluices (Art 126) and interfere 
with gold saving. 

Lead in form of shoft occurs in placer districts where much hunting has been done; it is caught 
by gold-saving devices and is separated at the time of clean-up; it generally pays to melt such metal 
and sell it as base bullion. 

Placer gold varies in fineness (purity) from 600 to 999 (parts An per 1 000) ; it is always 
alloyed with silver; sometimes copper is present; it is usually purer than that in veins of 
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the same district; its purity increases with the distance transported and with the decreasing 
size of grains. 

Distribution of values may be the determining factor in choosing the mining method. 
Thus, all the gold in a deposit 100 ft deep may be concentrated on bedrock in a 4 or 5-ft 
paystreak. A high-cost method like drifting (Art 130) may give more profit than cheaper 
open-cut work involving the handling of 95 ft of barren material. 

Frozen gravels of Alaska, Yukon, and Siberia must often be thawed by artificial means before 
they can be worked (Art 128, 130, 131). Even if they could be mined like solid rock, thawing would 
usually still be necessary before sluicing. 

Buried timber occurs in many places in the tropics, and in placers where one or more paystreaks 
have been previously drifted, it is a serious hindrance to and may prohibit dredging. It may be 
washed out of the bank in hydraulic mines and, if large, cut into pieces for hoisting by derricks. 
Standing timber increases cost of open-cut work by the cost of clearing, which, per cu yd, varies 
inversely with the depth of gravel (385). 

Swell of gravel upon excavation is usually 20 to 30%, up to 60% for compact clayey gravel. 
Swell may vary in different parts of same deposit, its determination is important in all sampling 
work, to avoid errors in estimating values. Several excavations should be made and the resulting 
gravel measured loose in a wooden box holding 1 or 2 cu ft; the percentage of swell is computed 
from the volume of excavation. 

Values in gravel are''ezpressed in cents or dollars per cu yd, or per sq ft or sq yd of 
bedrock. Drift mines often report values per ton. Value per sq ft is the most convenient 
basis where most of the gold is in thin paystreaks. If 2 or more paystreaks overlie each 
other, total value per sq ft is obtained by adding values per sq ft of the separate pay- 
streaks; this is simpler than estimates per cu yd. Value per sq ft X 27 depth in ft == 
value per cu yd. 

119. PAN, ROCKER, LONG TOM, “DRY” WASHERS 

The pan and rocker are used by prospectors in searching for placers, by miners for washing 
gravel on a small scale, and by engineers for recovering gold from samples obtained in placer 
examinations. 

Pan (gold-pan) is a circular dish with sloping sides; top diam, 10, 12.26, 16, or 16.25 in; 
depth, 2 to 2 3/3 in; side slopes, 35® to 40®. Fig 804 shows dimensions of the typical 
Amencan pan, which weighs 1.5 to 2 lb; the 
Australian pan is larger. 

Pan should be light, but stiff enough to stand 
rough usage; inner surfaces must be smooth, bright, 
and free from grease and rust. If properly cared for, 
pans of polished steel meet these requirements, and Fig 804. Gold Pan 

are cheap. Agateware does not rust, but easily chips. 

Aluminum pans are light, do not rust, but lack stiffness. Pans of copper, or with copper bot- 
tom and steel nm, are sometimes used for fine gold which will amalgamate; the bottom is silver- 
plated and coated with mercury. 

Operation of panning. The pan of gravel is placed in water, the gravel thoroughly wetted and 
stirred by hand to break up lumps cf clay, and the larger stones are picked out. The pan, still under 
water, is then given a shaking or gyratory motion, which brings the light material to the surface 
and ailow’s heavy particles to settle; at intervals the pan is tilted and the surface material washed 
off. Thejae proce^sses alternate until nothing but gold and a little heavy sand is left, which is dried 
and the gold separated by blowing, or by a magnet (for black sand), or mercury is added to collect 
the gold as amalgam. In experienced hands there is little or no loss of gold (Sec 31). 

Field of use. Panning is slow, back-breaking work; as the only tools required are a pick, shovel 
and pan, it is a favorite poor-man’s method and is a common temporary expedient in a new district. 
The pan is indispensable for testing gravel when prospecting and for cleaning-up rocker and other 
concentrates m large-scale sampling and nuning operations (Sec 25, Art 7). 

Duty of labor in panning. An experienced man can pan carefully about 100 pans of 
aver gravel in 10 hr; cemented gravel or sticky clay reduces this figure; duty inci eases 
with the percentage of coarse gravel, which need not be panned. A good panner rarely 
handles more than 1 cu yd aver gravel per 10 hr. 

Number of pans per cu yd of gravel varies with the swell (Art 118) and character of the 
gravel, and the amount put into the pan. 

On preliminary examinations the value of gravel is computed from number of pans washed and 
weight of gold recovered; a small error m the number of pans per cu yd may make a serious error 
in the estimate of value. Content of the ordinary pan of 16-in diam (Fig 804), computed as frustum 
of a cone, is 321 ou in. If swell of the gravel is 20%, 1 pan level full holds 321 -t- 1.20 » 267 cu in 
of gravel in place; hence there are approx 6.6 pans (1 728 + 267) m 1 cu ft, or 176 pans in 1 cu yd 
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of gravel m place. If each pan is heaped 1 5 in at the center, there will be only 133 pans per cu yd 
The number of pans taken as equivalent to 1 cu yd in different districts is usually between 130 and 
160 At Fairbanks, Alaska, most miners compute values on the basis of 189 pans per cu yd, where 
this 18 done, 1 heaping load on a No 2 round-point shovel is considered a panful (386) Estimates 
based on panning are valueless unless made by a skilled panner, who is also competent to judge 
the effect of local conditions 

Batea is a flat conical pan, of wood or iron, its diam varies locally from 16 to 30 in It is used in 
Mexico and South America (and in southwest U S for dry concentration of gravel) , variations of it 
are employed by natives of India, Sumatra, Nigeria, etc (605), 

Rocker (cradle) Fig 4, Sec 25, shows one design Gravel is placed on the screen, 
water is poured over it from a dipper, and at the same time the machine is given a rocking 
motion The water and undersize of the screen pass over the apron to the bottom of the 
rocker, and are discharged over the tail-piece When the stones remaining on the screen 
are washed clean, they are removed and the process is repeated Most of the gold 
IS retained on the apron, some is caught on the bottom, which may have cross-nflfles 
Clean-ups are made at intervals, depending on richness and character of gravel 

For saving fine gold, the material on the floor of the rocker must be kept loose and free, and spread 
evenly, clayey gravel, or that containing much fine black sand, often packs behind riffles and tail- 
piece and requires frequent clean-ups Before cleamng-up, the material back of the tail-piece is 
removed, dumped into the screen and re-rocked, the apron is then lifted out and its contents washed 
into a pan for final concentration, Chinamen are sometimes expert enough to use the apron itstlf 
as a vanning plaque In sampling work, the rocker is thoroughly cleaned-up after each sample has 
been run through, the tailing must often be re-rocked to save fine gold On large-scale sampling 
in clayey gravel, it pays to break up the clay in a puddling box ahead of the rocker Wooden or 
galvamzed iron pails are convenient for carrying samples to rockers 


Table 104 Dimensions of Rockers in Different Regions 


Ex- 

ample 

No 

Length 
of bot- 
tom, ft 

Width of 
bottom, m 

Height of 
tail-piece, 
in (o) 

Screen 

Slope of 
bottom 
(6) 

Size, in 

Diam of 
holes, in 

Pitch of 
holes, m 

1 

5 

14 

1 5 

18 by 18 25 

0 25 

1 0 

1 12 

2 

5 

18 

1 5 

24 by 21 

0 25 

0 5 

1 12 

3 

6 

19(c) to 15(cf) 



0 37-0 5 


1 12 

4 

4 

18 

0 75 

16 by 16 

0 5 

0 5 

1 21 

5 

4 

16(c) to 15(rf) 

1 75 

20 by 21 

0 5 

2 0 

1 . 11 

6 

4 

15 5 

0 75 

23 5 by 15 5 

0 37 

1 0 


7 

4 

14 


13 by 13 



1 8 

8 

4 

20 

0 75-1 

12 by 24 

0 25 

0 5 

1 12 

9 

12 

14 

1 

36 by 12 

0 25-0 63 




(a) Height at center Tail-piece is called “lower end-piece ” in Fig 4, Sec 2’) (6) Any desired 

slope 18 obtained by blocking up the frame on which the rocker rests (t) Vt upper end of rocker 
(d) At tail-pieee 


Example 1 Rocker shown by Fig 4, Sec 25, recommended by Knox and Haley (385) for 
sampling, with the comment that most rockers are too high and short and therefore poor gold savers 
Ex 2 A Cal rocker, found by author to be heavy and clumsy, tail-pieee unnecessarily high 
Ex 3 A large rocker used by miners (388), Ex 4 hrom W II Storms (387) Ex 5 A very 
satisfactory rocker, used by the author in sampling work Ex 6 From D Waterman, Afin d Sri 
Fr, Feb 20, 1909 Ex 7 Design by S O Andros (389) A galvanized iron chute is used instead 
of an apron, gold saving is entirely by cross-riffles on the bottom Ex 8 A Cal rocker, screen set 
to cover only the upper part of apron, which is 18 in long, this forces all undersize of the screen to 
pass over the apron, reduction in screen area is compensated by the unusual width Ex 9 A Cal 
rocker, driven by a 1 5-hp distillate engine through an eccentric with a 1-in throw Capac, 6 cu yd 
or more per 8 hr (617) 

Rockers should have tight joints, with corners strengthened by galvanized iron or zinc angles, 
placed outside, 2 or 3 light tie-bolts (Fig 4, Sec 25) aid in preventing shrinkage or swelling Rockers 
are sometimes built to knock-down for easy transport (387) Bottom board should be in 1 piece, 
free from knots and cracks, and of lumber which will not ‘ rough up” when scraped in cleaning-up 
If good lumber is not obtainable, the floor may be covered with canvas fastened by quarter-round 
strips tacked in corners Canvas makes an excellent surface for saving fine gold Rocker bottoms 
may be covered with blanket, which is taken up at intervals and washed in a tub, blankets are good 
fine-gold savers, but are undesirable m sampling work because of the delay in cleaning-up Aprons 
are of canvas, or rubber sheeting with canvas backing, their covering is not stretched tight, a sag 
IB left at the bottom High rockers are sometimes built with 2 or 3 aprons inclined in opposite 
directions and superposed, so that the tailing from one falls onto the upper end of the next, 1 apron 
IS sufficient and more convenient for ordinary work Some Chinese rockers are apronless, to save 
the fine gold they require expert operators Screens are of galvanized or black sheet iron with round 
holes, 18-gage iron is heavy enough for small gravel, 10 gage bettet for coarse. Table 104 gives usual 
sizes and spacing of holes, which arc slightly countersunk on under side to prevent clogging Fig 805 
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shows excellent screen construction Screen is picked up and dumped by the rocking handle H 
and small block both being fastened to the screen box Very heavy rockers are undesirable, 
they are hard to transport, and, like those having a large roll, are difficult to rock properly 1-in 
lumber, dressed to full 0 75 in, is usually heavy enough 
Long rockers, if not too heavy, are more efficient than 
shorter ones for saving fine gold 

Grade of rocker should be adjusted to character of gravel 
Too flat a grade causes packing and loss of fine colors, less 
grade is required for light alluvium than for that carrying 
much heavy black sand 

Water required. S O Andros found that a rocker 
required 4 to 6 barrels of water per day, in washing 
samples of dry gravel, the larger amount for loose 
sand (389) Watei can be reused by digging settling 
pools connected by a shallow ditch, if the gravel does 
not contain too much clay 

Duty of labor. A rocker may be operated by 1 
man, but 2 are better, they spell each other in rocking 
and handling gravel and tailing Punngton gives the 
duty of 2 men rocking steadily as 3 to 5 cu yd of 
gravel (place measure) per 10 hr (390) Duty on samp- 
ling work vanes widely with size of samples and ar- 
rangements for feeding 

Field of use For mining, the rocker is a prospec- 
tor’s tool, or is used prior to larger-scale operations, 
it will work small rich deposits in regions of scant 
water supply It is invaluable for washing samples in prospecting and examination 

Long Tom is an open lx>x L, Iig 806, having at its lower end screen *8, punched usually 
with 0 5-in holes Dimensions \ary, Fig 806 represents early California practice (391) 



Fig 805 Screen for Rocker 


Running water is carried to the head end by a small flume F Gravel is shoveled into the Tom 
or into the flume F, it is shoveled over in the 1 om and large stones forked out, the fines are worked 
through the screen, and with the water fall into a vide “nffle-box” (sluice, Art 124), set on a flatter 



Fig 800 Long Tom (after Bowie) 

grade thin the Tom The gold is c mght behind the rifflcb, with or without aid of mercury Capac- 
ity depends 1 irgelj on the amount of gra\cl which c iu be shoveled into it, Wilson says that 2 men 
(1 shoveling to the Tom and 1 working on it) can wish 6 cu >d of ordinary gravel, or 3 to 4 cu yd of 
cemented gravel, in 10 hr (388) At times the Tom is operated bv 4 men, 2 shoveling-in, 1 forking 
out stones, and 1 shoveling fine tailing awa> from the end of riffle box Toms are now rarely used m 
the U iS, where running water iiid gride are available, a simple sluice (\rt 124) is as effective and 
requires less labor A modified Tom 3-4 ft wide by 8-10 ft long, wished by surf, was used in beach 
mining at Nome (188) For crude washing devices of other countries, see Bib (392) 

“Dry-washing” of placer gravel has contributed some gold from small-scale operations 
in districts whcio water is scarce, notably Western Australia, Queensland, and the desert 
areas of Sonora and southwestern U S Gravels in these districts are largely (not exclus- 
ively) of residual origin or have been transported relatively short distances by torrential 
streams Hence, the gold is comparatively coarse, and distributed erratically in both 





10-540 PLACER MINING METHODS 

depth and area, though bedrock enrichments are not unknown Requirements for dry- 
washing are that the gravel shall be thoroughly dry and disintegrated , cemented gravel has 
been worked, but only at added expense for disintegration, either mechanically or by slow 
and laborious hand methods Clay is unworkable by dry-washing, and causes loss of gold 
when present Mechanical separators, used in conjunction with power excavators, are 
rarely practical, chiefly because the gravel is dug faster than it can be dried, even in an and 
region, subsoil may be damp 

A widely used device is the Mexican dry washer (444) It is a shallow box, about 18 by 36 in, 
with a fabric bottom (such as 8-oz canvas) supported on wire screen, and having 5-8 cross-riffles 
resting on the fabric Box is mounted at slope of 15°-25® and forms the stationary top of a bellows, 
whereby a pulsating current of air is forced upward through the fabric Pulsating current has 
proved more effective than a steady flow, as from a fan A screen with 3/8-1/2-in holes is mounted 
at top, with a chute delivering undersize to upper end of separator, while oversize falls outside With 
this hand device, one man can treat 0 5-1 cu yd per day A similar machine, with box 11m wide 
by 40 in long, having its bellows operated through pulley and crankshaft from a 0 75-hp gasolene 
engine, was operated near Randsburg, Cal, in 1032 (16) at capac of 0 8 cu yd per hr For similar 
portable hand-operated apparatus, as used in W Australia, see Bib (452) For other varieties of 
separators, both hand- and mechanically operated, see Bib (444, 445, 446) 

120. DEFINITIONS AND CLASSIFICATION OF METHODS 

Sluicing IS a general term appbed to many forms of placer mining A sluice is an 
inclined channel or trough, through which gravel is earned by a stream of water Stones 
and light sands pass through and run to waste at the lower end, gold and other hea\T 
minerals settle to the bottom and are caught m riffles A riffle is a groove or interstice, 
or a cleat or block so placed as to produce the same effect, in the bottom of a sluice Art 
124, 125 give data on sluices and riffles Wooden sluices (P'lg 825) are sometimes called 
BOX-SLUICES, inclined ditches, in gravel or bedrock, are oroi-nd-sltuces Riffles in 
ground-sluices are formed by the natural irregularities of their bottoms 

Table 105 outlines the commoner combinations of excavating and transporting agencies used 
in open cuts for digging gravel and getting it into sluices (For undergiound methods, see Art 130 ) 
Of the methods outlined, dredging and hydrauhcking are normally low-cost operations, suitable for 
large-scale mining of low-grade gravels and requiring large capital outlay The others (excepting 
at times ground-sluicing) have comparatively high operating costs and require richer gravels to 
yield a profit Work with pick and shovel or plow and scraper does not demand large initial expendi- 
ture for plant or equipment and is characteristic of small operations in rich grivel, or of mining in 
regions of very cheap labor (397) For the power scraper and dragline excavator see \rt 122 


Table 106 Classification of Surface Placer Mining Methods 


Method 

Outline of Procedure 

See Art 

Ground-sluicing 

Lxcavation by running water aided by picking, gravel runs into 
sluices by gravity 

121 

Shovehng-in 

Gravel loosened by pick, and shoveled into sluice 

121 

Pick and shovel, 
with transport 

Gravel loaded into wheelbarrows, cars on tracks, buckets, or 
stone-boats Transport by band, animal, or power to sluices, 
or to an incline elevating gravel to sluice , gravel sometimes 
pumped to sluice 

121 

Plow and scraper 
Power scraper 

Scraper may be hoisted up an incline to an elevated sluice 

122 

Dragline 

Dragline excavator delivers gravel to a sluice, oi more elaborate 
washing plant mounted on skids, wheels or rollers, to keep it 
within reach of excavator 

122 

Hydraulicking 

1 

Water discharged under press from nozzles breaks gravel from 
bank and transports it to ground sluice, added water may be 
used to aid transport | 

123 

Dredging 

Meehamcal excavator (usually chain-bucket type) delivers to 
screen, sluices, jigs, etc, all mounted on a boat 

127 

128 

Dragline dredging 

Mechanical excavator, usually a draghne, stands on shore of pond 
and delivers gravel to washer mounted on a boat 

129 


Note Work with elevators is not included (see Art 126) For various forms of “ River Mining,” 
such AS wing-damming, fluming, etc, see 9th Ann Rep, Cal State Mineralogist, 1889, p 263 For a 
more detailed classification, see Bib (181). 




GROUND-SLUICING, SHOVELING-IN, HORSE-SCRAPING 10-541 


121. GROUND-SLUICING, SHOVELING-IN, HORSE-SCRAPING 

INTO SLUICES 

Ground-sluicing. Fig 807 shows typical ground-sluicing in shallow creek gravels, 
where bedrock grade is steep enough to allow it. Sluice M is set at the lower end of the 
ground to be worked and a shallow trench T is dug, preferably on one side of the deposit. 
T is deepened to bedrock by turning a stream of water into it, and if necessary picking up 
the bottom, the material being washed through the sluice. On reaching bedrock the 
trench is widened by picking and caving its banks into 
the stream. Small plank or earth dams Z), erected 
where necessary, throw the stream against the bank to 
aid in undercutting it and so minimizing labor; their 
skilful use forces a stream to do considerable work with- 
out supervision during a night shift. Coarse gold 
remains on bedrock, finer gold is caught by the sluice 
riffles. As the bank recedes, exposed bedrock is cleaned 
with shovels, hoes, hand scrapers, brushes, and wires 
for digging into crevices; profits may depend upon 
thoroughness of cleamng, since gold tends to remain on 
bedrock (in some cases, no other means of recovery is 
provided). The concentrates may be cleaned up in the 
same or in a special sluice (Art 125). Large stones are 
forked out and piled on cleaned bedrock, as at B. 

Ground-sluicing has many variations. In Alaska, it is 
often used for cheaply stripping creek gravels covered by 
muck (Art 118). Tundra and bru.sh are grubbed and 
burned; subsequent sluicing maj' be done as in Fig 807, or 
the water may be led through several channels into which 
intervening ridges eventually cave; spring floods are thus 
used to advantage. Also, small streams of water m.iy be 
caused to trickle down the face of the bank, cutting vertical 
channels; the ground botw’een caves or is blasted or pried 
off. Thus, in 1911, Granville Mining Co, Dominion Creek, Yukon, stripped frozen muck 18 ft 
thick, the bank receding 4-7 in per day; est’d ccMst, with high wages, lOji per cu yd of muck 
(393). 8uch work generally stops on reaching gravel. Ground-eluicing uses water as an excavat- 
ing agent where pressure water for hydraulirking is not available. 

Requirements for ground-sluicing: (a) Shallow gravel, rarely more than 6 to 8 ft deep. (6) Suffi- 
cient grade for the available water to carry the loosened soil Data covering different conditions 
are lacking. Granville Co (see above) sluiced muck on grades of 17 to 25 ft per mile; grades for 
gravel are much steeper, (c) Plentiful water. Here again data are lacking. Longridge (394) states 
that it takes about 6 times as much water to move material m a ground-sluice as to do the same 
work in a box-sluice. Scanty water supply may sometimes bo supplemented by pumping back from 
settling pools at end of sluice, (d) Dumproom for tailings at lower end of sluice may be provided 
by natural grade of bedrock or surface; drag-scrapers may move tailings from end of sluice. 

Duty of water and labor. Mead estimates that 2 men can move 20-30 cu yd max of gravel per 
day by ground-sluicing (396). A native laborer in Sw azilaiid handles up to 10 cu yd of light tin gravel 
per shift, where a goexi stream of w’ater is available (396, 397). In Colombia, in gravel 5-15 ft deep, 
a stream of 136 miner’s in (Art 123) moved only 60 cu yd per day (386). Purington gives following 
data on stripping muck (60-75% ice) in Alaska. On Anvil Cr, Nome, 400 miner’s in of water; 
bank, 20 ft high; grade, 4.5 in to 12 ft; duty of water, 10 cu yd per m per 24 hr. Elsewhere on 
Anvil Cr, a 4 5-1 1 bank of muck was stripped with 100 in of water; grade, 3 in to 12 ft; duty of 
water, 3 cu yd per in per 24 hr. On Crooked Cr, near Council, 65 in of water; bank, 4 ft high; 
grade, 4 6 in to 12 ft; duty of water, 3.46 cu yd per in per 24 hr (390). 

Table 106 gives data collected by E. D. Gardner and C. H. Johnson (16) at ground-sluicing 
operations in western U S in summer of 1932; at some, a small part of available water was applied 
through nozzles; greater effectiveness of booming (described below), as compared with continuous 
sluicing, is indicated. Besides labor cost, expense for supplies w'as estimated at 2-4^^ per cu yd. 

Booming ("hushing”) is applicable where the water supply is inadequate for steady work. 
Water is impounded above the diggings; and by releasing it at intervals it washes gravel through 
the ground-sluices. Booming is also used for stripping. Dams for booming usually have gates 
opening automatically when the reservoir is full. A vert or hinged gate is common, controlled by a 
lever carrying an open box at outer end. The reservoir when full overflows into the box; the added 
wt lifts the gate, and the box then empties itself. Gates must be so arranged that the dam will not 
be injured by the rushing water. Booming strips light overburden cheaply. In 1904, on American 
Cr, Alaska, an area 900 ft long by 25 ft wide was stripped of muck and gravel 5 ft thick in 3 week^; 
costs, including dam and gate, did not exceed 7i per cu yd (394). See also (390, 391). Accordini 
to Wimmler (188) in 1927, ground-sluicing and booming in Alaska cost 15-35j5 per cu yd; cost o* 
equipment, $360-$l 600 (exol ditches), of which $250-$500 represented cost of dam with automatic 
gate. See also Table 106. 



_ Orlgtoftt Sarfact Gr«m 
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Fig 807 Ground-sluicing 
(diagrammatic) 
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Table 106. Examples of Ground-sluicing in 1932 (16) 



A ' 

B 

C 

D 

E 

F 

G 

H 

I 

J 

Depth of gravel, ft 

5 

6 

15 

8 

18 

20 

10 

15 

22 

20 

Character 

tight 

med 

easy 

med 

med 

med 

med 

med 

med 

med 

Boulders over 6-in, % 

20 

10 

15 

15 

10 

10 

15 

10 

35 

25 

Bedrock | 

soft 

soft 

not 

rough 

not 

not 

soft 

rough 

1 soft 1 

not 

clay 

clay 

reached 

porph 

reached 

reached 

I’stone 

porph 

reached 

Aver water, miner’s in (a) . 

70 

60 

80 

60 

100 

70 

70 

10 

300 

500 

Booming, times per day 






4 

2 

6 

24 

14 

Booming water, miner’s in (a). 






300 

650 

I 600 

7500 

4 000 

Booming duration, imn 






27 

30 

1.5 

2,5 

15 

Auxiliary water, head, ft . 
Nozzle diam, in . 


6 


27 

15 


60 

1 


22 



2 


2 

2 



? 


Moved by hand or derrick, %. 

40 

15 

15 

30 

20 

10 

20 

10 

30 

0 

Boulders moved by 

hand 

hand | 

steam 

der’k 

wheel 

barrow 

drag- 

line 

1 hand 

band 

hand | 

hand 

der’k 

}••• 

Max size stones to sluice, in 

6 

4 

6 

3 

2 

6 

3 

6 

9 

15 

Sluice width, in 

18 

18 

13 

24 

30 

18 

22 

36 

38 

48 

Sluice, total length, ft (6) ... 

20 

24 

84 

16 

504(r) 

600 

36 

36 

192(d) 

1 008(e) 

Sluice grade, % 

10 

2.1 

2.8 

8.3 

2.1 

4.2 

83 

6.2 

62 

5 

Men per shift 

Gravel washed per man-shift. 

I 

2 

3 

1 

2 

4 

2 

1 

1 

9 

cu yd 

2,75 

12 

9 

3 

18 

4 

18 

17 

32 

7 


A — On Clear Cr, Blackhawk, Colo. B — Mouth of Kamloops Cr, Granite, Colo C — Calif 
Gulch, Cedar Cr, Superior, Mont I> — On Clear Cr, Blackhawk, Colo E — Mouth of Kamloops 
Cr, Granite, Colo. F — Willow Cr, Therma, N M G — Calif Gulch, Cedar Cr, Laurin, Mont 
H — Quartz Cr, Rivulet, Mont I — Sauerkraut Cr, Lincoln, Mont J — Swank Cr, labertv. Wash. 

(a) 1 5 cu ft per min (b) Riffled throughout, unless otherwise noted, (c) Riffled 250 ft. 
(d) mffled 96 ft. (e) Riffled 400 ft. 

Shoveling-in (i e, into sluices) has its simplest form in shallow creek gravels, where 
bedrock grade is steeper than is required foi sluices (Fig 808). Sluice »S is on bedrock, with 

the lower end raised and flattened to give 
headroom for dump D. Added dump- 
room 18 obtained as needed by extending 
lower end of sluice. 


Gravel is excavated in transverse cute T, 
or more often in longitudinal cute L. Only 
the finer material goes through the sluice; 
largo stones are piled on cleaned bedrock. 
Transverse cuts deliver all gravel at the head 
of the sluice, but require use of barrows for 
lateral transport in all but narrow pits; with 
longitudinal cuts the sluice must bo shifted 
when the bank has receded about 12 ft from 
it, otherwise, shoveling cost becomes excessive. 
In wide deposits, shifting may sometimes be 
avoided by feeding the main sluice from narrower and steeper radiating or lateral sluices 

Water is conducted to head of sluice in flumes, pipes, or canvas hose. On Seward Peninsula, 
Alaska, “flume hose’’ is commonly 12 to 14 in diam, of 12 or 14 -oz duck, sowed with 3 seams. It is 
light and flexible, but begins to rot after about 4-mo service (398). If a stream flows in the creek bed, 
water is dammed above the diggings. 

Ideal conditions as in Fig 808 are rare. The required grade must often be created 
artificially, by excavating under the sluice, or by mounting it on trestles (Fig 823). The 
elevated sluice is erected cheaply and quickly; it is often the only means of obtaining 
dumproom; bedrock trenches facilitate shoveling, but are too costly if deep or in hard 
rock. In Alaska, wherever feasible, muck and top gravels are first removed by ground- 
sluicing; the underlying pay, rarely more than 5 or 6 ft thick, is then worked by shoveling- 
in. Barren gravel often overlies the pay; where grades do not allow this to be ground- 
sluiced it is removed with barrows or scrapers; only the pay gravel is sluiced. 

Sluices, riffles, grades, water, clean-ups (see Art 124, 125) . 

Drainage of pits. Ideal condition is a self-draining pit (Fig 808). Where grades are 
flat, dams are generally necessary, both above and below the area worked; they are built 
c) eaply, of logs, earth, or brush (see Sec 43, Art 16). 

Seepage is preferably removed by bedrock drains, on grades as flat as 1.6 in per 100 ft; they are 
started on the surface at the proper distance downstream to reach bedrock at the lower end of the pit 



Fig 808 Simple Shoveling-in 




GROUND-SLUICING, SHOVELING-IN, HORSE-SCRAPING 10-543 


and then continue on bedrock grade. Purington (390) gives following data on Alaskan practice, 
which is fairly typical. Drains are usually 2 ft sq, lagged with honz poles held at 4-ft intervals by 
posts and caps. After the first cut in the pit is taken, the drain is covered with logs and moss laid 
on the caps. For small operations, 10 by 12-in box-drams of 1-in plank are adequate. A perforated 
standpipe should be placed over the dram at the lower end of the pit; drains may require flushing 
to keep them open. In the Fairbanks District an open unlagged drain, 3 ft deep by 3.6 ft wide, took 
2 men 6 weeks to excavate. Lagged drains in hard ground may be costly. Seepage may be pumped 
out. The cheap homemade China pump, operated by an overshot waterwheel, can be used only 
when there is more water than is re- 
quired for sluicing. Pumping costs Table 107. Duty of Labor Shoveling into Sluices 
more than drains. in Alaska. Punngton (390) 


Duty of labor in shoveling-in 

varies with height of bank and char- 
acter of gravel and bedrock (Table 
107). Shovelers can throw to 
heights of 6 to 8 ft (9 ft limit); 
for greater heights platforms must be 
built and the gravel re-shoveled 
from them. During boom yeais m 
central Alaska, 7-8 cu yd per shift 
was considered aver man’s work. 
The time required for careful clean- 
ing of a creviced bedrock materially 
reduces the shoveler’s aver output. 
Table 108, from Gardner and John- 


Location 

Depth of 
gravel, 
ft 

Height 
of lift, 
ft 

Cu yd 
per man 
per 10 
hr 

Klondike (a) . . 

2 

9 

3 5 

Birch Cr (6) 

4 41 


5.0 

American Cr . . . 



2 75 (d) 

Fairbanks (e) 

3 0 


7.5 

Nome (/) . 

5 to 7 

j 

5 76 

.Solomon Hiver ig) . 

3 0 


3.75 

(’onncjl Ill'll (/() 

3 5 i 


6 63 


(a) 2 men; platform iLsed (6) Aver of 12 opera- 
tions (c) Height of lift not over 6 ft (d) Large boul- 
ders interfered with work At one point, a 5-ft bank 

, was shoveled at rate of 4 cu yd per man-shift, (c) Aver 

son (10), gives data on 6 shoveling-in ^ operations, lifts less than 5 ft, some bedrock token 
' ^ TT Cl X up (/) Aver figures. Pioneer Co, on Anvil Creek, 

operations in western U b active in bank, obtained a duty of 9 cu yd. (g) High lift 
summer of 1932. and irregular bedrock. (h) Aver figures, including 

Limitotionfi and costs Shovel- cas® where, on a limestone bedrock, with a double 
Limitauons ano costs. &no\ei 3 5 cu yd, another where, with 8-hr shifts, 

ing-in 18 adapted to shallow gravels. bank and 5-ft hft, duty was 12 cu yd 
It 18 simple, does not involve 

large expenditure for plant and can be carried on in remote districts where cost of 
installing mechanical excavators would be prohibitive. In Alaska, where labor and 
supply costs are high, the cost of plant, including dams, drain ditches, water ditch, and 
a string of 10 sluice lioxos (.\rt 124), is fioni $500 to $2 000 (390). The method has the 
great advantage of allowing careful cleaning of bedrock. Operating costs vary widely 
with wages and duty of lalxir, only rich gravels can be worked at a profit. Wimmler (188) 
in 1927 quoted following cases from Alaska wheie overburden was removed by booming 
or ground-sluicing, and pay gravel woiked by shoveling-in; all costs are per cu yd: 

(1) Hot Springs dist, cut 50 by 500 ft; frozen muck and some gravel boomed to depth 
of 25 ft for 7^; shoveling-iii of 2 5 ft of gravel and bedrock, $2.30; combined cost, 30^. 

(2) Little Minook (T, Hainpart dist; cut 12 by 600 ft, 18 ft of muck and gravel boomed 
for 18^, shovehng-in 2 ft of gravel and bedrock, containing 50% boulders, $2.20; com- 
bined cost, 38^, this was a fourth cut and cost less than first. (3) Little Minook Cr; a 
first cut 12 by 1 000 ft boomed 7.6 ft deep for 22^; shoveling-in 2 ft of gravel with 60% 

boulders, $2.80; combined 

Table 108. Examples of Shoveling into Boxes, in 1932 (16) eost, 77^. (4) Greenstone 

Cr, Ruby dist; pit 60 by 
200 ft; sod stripped by 
hand; muck and gravel 
ground-sluiced to 6-ft depth 
for 38f^; shoveling-in 2 ft of 
gravel, $1.05; combined 
cost, 70^ (5) Greenstone 

Cr; bench deposit with 
favorable grade; ground- 
sluiced 10 ft of muck and 
gravel for 26^; shoveling-in 
1 ft of gravel for $2.56; 
combined cost, 47^, incl 
deprec. Elsewhere, com- 
bined costs are 26ff-$l per 
cu yd. 



A 

B 

C 

D 

E 

F 

Depth worked, ft 

2 

6 

6 

2 5 

4 5 

6 

CharacUr 

loose 

tight 

tight 

tight 

loose 

med 

Boulders over 6-in, % 

0 

30 

20 

50 

10 

5 

Bedrock 

none 

cLvy 

even 

rough 

none 

even 

Sluioe, width, in 

8 

8 

12 

12 

10 

8 

“ total length, ft 

24 

96 

64 

36 

36 

60 

“ riflled, ft . . 

12 

8 

64 

12 

12 

28 

“ gni<le, in per ft 

1 

1 

7/16 

1/2 

? 

0 6 

Men per shift . 

2 

4 

4 

2 

2 

2 

Cu yd per man-shift . 

lo-isi 

6 25 

5 

1 

3 25 

4 75 

Behandled, % . 

5 

10 

0 

50 

0 

0 


A — On Feather River, Oroville, Cal 
Wash. O— Peshastin Cr. Blewett, 

Blewett, Wash. E- 
Bearmoutb, Mont. 


B — Mary Ann Cr, Oroville, 
II v.'i , Wash. D —Peshastin t r, 

No Clear Cr, Blackhawk, Colo. F — Bear Cr, 


Cars and barrows for loading sluices. Fig 809 shows radiating tracks for small mine 
cars (Sec 11). To use this method the head of sluice must be at or near the level of bedrock. 





10-544 


PLACER MINING METHODS 


which must have a fairly regular contour. Barrows may be used similarly and on rougher 
bedrock by laying plank runways. 

Inclined barrow runways, for loading an elevated sluice, are usually at right-angles to the sluice, 
for working by longitudinal cuts (L, Fig 808). For cost of barrow and oar work, see Sec 3, 6. An 
objection to them is that they dump large amounts at one time; this makes the flow in the sluice 
uneven, causes clogs and is not conducive to good gold saving. If the sluice can be loaded at a single 
point (Fig 809), a dump or “mud-box” (Fig 828) decreases these troubles and allows forking out 
of large stones. 

Scraping into sluices, with drag or wheel scrapers, is possible in small gravel on soft rook; Sec 3 
gives details and cost of scraping. Purington gives following data for Alaska (390) : A 2-hor6e wheel 
scraper, w'orking in small gravel on soft schist bedrock, handles 30-40 cu yd per 10 hr at about 
one-third the cost of shoveling-in; 1 plow loosens for 4 scrapers. Scrapers dump through a hatchway 

in a platform over head of sluice (Sec 3) . Examples 
from western U S (18) in 1932. (1) Horseshoe 

Bend on Green River, below Vernal, Utah. Loose 
gravel 4 ft deep, no boulders over 8-in and no clay; 
gold very fine, black sand abundant Man and 2 
boys, with team of burros and 3 8-cu ft slip scraper 
handled 6 5 cu yd per day, loosening by hand and 
scraping 25 ft to hopper and screen at top of sluice 
20 ft long; water pumped by 1 5-hp gasolene motor 
from nearby river Est working cost, $1 per cu yd 
(2) Tailings from Blue Channel drift mine Folsom, 
Cal, originally partially cemented, but disintegrated 
by several years’ weathering; some clay but no 
coarse boulders, gold somewhat rusty Tractor 
w'lth 7-cu ft scraper dragged material 300 ft to 
screen and hopper, bucket elevator raised it 26 ft 
to head of 12-in sluice 110 ft long. Water pumped 
from old shaft, 20-ft lift Black-sand concentrates amalgamated in small concrete mixer; final 
recovery in a short sluice Two men handled 20 cu yd per shift, total gasolene for tractor, elevator, 
pump, and amalgamator, 25 gal per shift; est total cost (labor @ per hr), 62fl per cu yd. 


122. DERRICKS, CABLEWAYS, INCLINES, 
MECHANICAL EXCAVATORS 

Except for certain applications of dragline excavator, these devices are now seldom 
used. They have been successful mechanically, but, as operating costs are high com- 
pared to dredging (Art 128), gravel must be richer to yield a profit. Many installations 
have failed financially, through failure to recognize this fact and ignorance of limitations 
of different types of equipment. 

Derricks may be used in shallow open cuts in the following ways (a) gravel is shoveled 
into barrows, wheeled to a fixed point and dumped into the derrick skip or bucket; ih) 
gravel is shoveled into stone skips, or buckets mounted on small trucks running on rails 
and pushed by hand to within reach of the derrick boom; (c) gravel is shoveled into buckets 
which are slid along skids by the derrick tackle. Plan (a) requires greatest amount of 
lateral handling; miners spend much time in wheeling and dumping instead of picking and 
shoveling. Plan (c) is the most efficient in this respect. Derricking is adaptable to shallow 
beds, where the gravel must be elevated to sluices and where excavation and cleaning of 
bedrock are necessarily done by hand. 

Cableways (Sec 26) with self-dumping carriers (Art 130) are sometimes substituted for derricks. 
Operating cost is higher than for the derrick when u.sed as above, because cableways involve tramming 
and dumping at a point under the cable. The automatic dumping earner is of little advantage, 
since a man on the dump box is always necessary. Foi a largo installation in Montana, see (409). 

Alaska. Data from N. L. Wimmler (188) in 1927. Method of shoveling gravel into barrows, 
wheeling to bucket, hoisting latter up an inclined cableway, and dumping it automatically into sluice, 
was still employed in 1924 at a few small mines in the interior district, where necessary sluice grades 
and diimproom were not otherwise obtainable. Such pits rarely exceeded 150 ft diam Shoveler 
spent V4~V3 of his time wheeling to central point, where bucket, holding 2-5 barrow loads, rested 
in a pit with its top level with runways. Shoveling duty of 7-9 ou yd per day wsis good work Steam 
hoists were 5-15 hp. Examples: (a) On Ophir Cr, Innoko dist; overburden (18 ft of frozen muck 
and 4 ft barren gravel) was ground-sluiced for 16^ per cu yd ; 5 ft of gravel and bedrock was mined 
as above for $1 75 per cu yd, combined cost for 27-ft depth, 42fl per ou yd. (6) On Chatham Cr, 
Fairbanks dist; 10 ft of overburden was ground-sluiced for 16^, and 4 ft of gravel and bedrock mined 
as above for $1,25 per yd; combined cost for 14-ft depth, 48fl per cu yd. 

Inclines were sometimes used in Alaska for hoisting from, a pit to head of an elevated 
sluice. From foot of incline, a system of radiating tracks was laid on floor of fairly 



Fig 809. Loading Sluice with Cars (after 
Y oung) 
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level pit, over which cars loaded at edges of pit were trammed by hand; hoists were 
operated by steam. Fig 811 shows a similar method of hoisting in cars loaded by 
scraper. 

Power scrapers (Sec 3, Art 6; see also Art 91, and Sec 27) are adapted for mining and 
elevating gravel from shallow placers; unsuited to hard or blocky bedrock; a soft, even 
bedrock may sometimes be cleaned with scrapers, but final hand cleaning is usually neces- 
sary. Power scrapers are also advantageous for removing tailings fiom ends of sluices. 
Large heavy scrapers are generally used ; small drag or wheel scrapers are too light and too 
difficult to hold while loading when drawn by power. Examples follow. 

Auburn, Calif. Gardner and Johnson (18) describe use in 1932 of a power scraper at 
Mammoth Bar. As in Fig 810, a 1 s/g-in track cable was stretched from top of a 64-ft mast 
(a spruce tree 24-in diam at bot- 


Mast^ 
Washing plant 1 


Rc^k pile 
. /\ V- 


sTablew^ 


tom and guyed with 7/g-in ropes) \ 

to a bridle rope stretched across ^ \ \ . 

the river 700 ft downstream. The ^ N. ^ / 

loaded 1-cu yd Page bucket was ^ / 

hauled at 300 ft per min by hoist N. R / 

with 95-hp gasolene engine and / 

1.25-in rope, returning empty by \ Vs ^ar \/ 

gravity at 1 200 ft per min. A Washing ^ 

grizzly at top of hopper was about 

20 ft above ground. Most digging iZ 

was under water; uixin completing Sluice tailings \ 

removal of the expected 100 000 o \ioo 200 30Q 4(X) m 

cu yd, it was intended to pump Scale, feet 

out the pit and recover any missed Fig 810 Placer Mining with Power Scraper, 

gravel, while also clcamng bedrock Auburn, Cahf 

by hand. 

Sierra Leone Goldfields, Ltd (448) was operating in 1932 in a narrow valley of the 
Pami)ana River, West Africa, at a point 12 miles fiom nearest motor road. Topsoil nearly 
barren; richness of gravel increased with depth, but mam pay was in upper 2 ft of bedrock 
under giavel which required blasting, total depth excavated, 10-25 ft. Gold varied from 

small nuggets to almost dust. 


Sluice tailings ' 
0 


,100 2 00 300 400 
SCiile, feet 


Placer Mining with Power Scraper, 
Auburn, Cahf 



Sauei man slack-line cableway with 
1-cu yd bucket (scraper), centered 
on one side of channel, excavated 
semicircular area with 600-ft radius, 
discharging into hopper about 50 
ft above ground level; operation 
repeated after moving equipment 
1 200 ft upstream. Sluice, of steel 
pans 12 ft long, 4 ft wide, 2 ft high, 
bolted together, was 200 ft long; 
riffles of steel rail rested on coarse 
wire screen. Natives raked the 
gravel down sluice; water flumed 
from intake 2 miles upstream. 
Hea\’y sands were collected every 
10 15 days, rewashed on 12-in 
sluice, 15 ft long, and finally 
panned. Crew, about 50 natives. 

Alaska. Steam-driven scrapers 
were widely used in the interior 
districts, but by 1924, according to 
Wimmler (188), fevr remained in 
operation, due to diminishing aver 
value of deposits for which they 
were suitable. Conditions favor- 
able for scrapers: (a) large areas of 
shallow gravel; (b) freedom from 


Fig 811. Bagley Scraper with Incline and Auxiliary Hoist l^^ge boulders, (c) Soft and rela- 
tively smooth bedrock, not too 


deeply fissured; (d) unfrozen gravel; (c) pit free from water, by natural drainage, bed- 
rock ditches, or pumping; (/) requisite sluice grade and dumproom not otherwise obtain- 
able. Scrapers were usually Bagley (bottomless) or slip. 
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Bagley scraper, at larger mines, dragged gravel to a central point, discharging into a 2.5-4-ouyd 
oar at depressed loading station; car then hauled up incline and dumped automatically into head ot 
sluice. Scrapers 3.6-6 ft wide, 1.26-2.5 cu yd capac, and weighing 3 100-4 125 lb, proved more 
suitable than larger ones. They were operated by 3-drum hoists driven by 2-cyl, 8 by 10-in to 10 by 
12-in steam engines; ample power was essential for economical work. Under good conditions, 
scraper made 30-50 trips per hr; usual range 16-40 cu yd per hr into sluice. Fig 811 shows typical 
arrangement of larger mines in Fairbanks dist. Total depth worked, 16-36 ft, of which, pay gravel 
was 6-8 ft, and bedrock, 2-4 ft. Area of pits, 80 000-120 000 sq ft. Crew on each of 2 lO-hr shifts, 

6-8 men. Power cost with 80-160-hp 
wood-fired boilers, 4.8^ per hp-hr; 
with 180-hp coal-fired boiler, 2.4 per 
hp-hr. Cost of scraping and sluicing 
only, 46-90^ per cu yd, total cost 
(incl stripping) to 16-35 ft depth, 
40-60 per yd. Equipment invest- 
ment, $15 000-$26 000. 

Slip scraper is restricted to shallow 
deposits; other conditions as above. 
Usual capac, 0 76 and 1 cu yd, but 
load arriving at sluice is often only 
0.6-0.75 of capac. In typical work 
(Fig 812) scraper requires 2 men at 
loading point, but discharges into 
sluice automatically at top of inclined 
runw'ay. On completing a cut the 
width of scraper (4-4 5 ft) and about 
1 ft deep, tail sheave B is shifted 
along the anchor cable, which is 
fastened to a row of dead men across 
far end of pit, max length of pit, 
about 300 ft; width usually about 
half the length. With 150-300-ft 
haul, scraper can make 10 30 trips 
per hr, usual range, 50-125 cu yd 
delivered to sluice per 10-hr shift. At 
a 65 OOO-sq ft pit in Innoko dist, 4 ft 
of overburden was ground-bluiced for 
14}^ per cu yd, and 4 ft of gravel and 
bedrock were put into sluice by 13 men 
with a 0 75-yd scraper in 95 days, for 
$1 55 per cu yd, combined cost to 8 ft 
depth, 87 per cu yd Boiler, 40-hp, 
Fig 812. Slip Scraper diagged up Incline burned a cord of wood per shift, no 

pumping required Plant, excluding 
ditch, cost $6 500 At another pit in same dist, 150 by 230 ft, after removing 10 ft of muck for 7^ 
per yd, crew of 6 men, with 0 75-yd scraper, moved 6 ft of gravel and bediock in 71 10-hr shifts, 
at $1 35 per cu yd, combined cost, 54ji per yd No pumping required, 50-hp boiler drove 3-drum 
hoist; equipment cost $7 000 In Hot Springs dist, at a pit 140 by 290 ft, 4 ft of muck and top 
gravel were ground-sluiced for 15^ per yd, 7 ft (10 500 cu yd) of gravel and bedrock were mined 
and sluiced by 7 men and 1-yd scraper in 110 10-hr shifts, at $1 32 per cu yd, combined cost, 89fi 
per cu yd. About 100 miner’s m of water were pumped. Two 40-hp boilers burned 4 cords of 
wood per shift 

Power shovel has rarely been a commercial success in gold placer mining, though it sug- 
gests itself for use when hydraulicking is prohibited by lack of water and grade (165, 385, 390, 
401, 402). I'ailiire due to one or moie of following causes: (a) attempts to dig frozen 
gravel; (b) hard bedrock which can not be dug by shovel and must be cleaned by hand at 
large expense; (c) lack of mobility, as compared with hydraulicking, a serious drawback 
which leads to costly delays; (d) failure to provide transport and washing facilities in 
proportion to its digging capac; it is therefore idle much of the time; (e) gravel is delivered 
from dipper or cars intermittently and in large amounts; the sluice or other gold-saving 
device is first over- and then underloaded, resulting in a loss of gold. Storage bins and 
automatic feeders ahead of the sluice obviate this difficulty, but entail added headroom 
and greater first and operating costs; (/) trouble with disposal of tailings from sluices or 
washing plants. Some of these difficulties have been due to improper management, but 
item (c), probably the most important, is inherent in the power shovel. 

Shovel mining of placer tin in Nigeria. Data from W. E. Sinclair (449) in 1933. 
Casaiterite is commonly concentrated in a 3 to 4-ft bed of “wash,” a hard, cemented gravel 
with streaks of tough clay, lying on bedrock of decomposed granite, and covered with up 
to 100 ft of tenacious clay, hard and tough when dry, sticky and treacherous when wet. 
These and other conditions (bedrock usually lower than natural drainage level, scarcity 
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of water during 6 mos and lack of storage facilities, generally level topography) favor use of 
power shovels, with gravel pumps for lifting the tin-bearing material out of pits. 

One successful operation employed a 300-ton, full-revolving steam shovel, with 6-yd dipper 
and 95-ft jib for stripping a through cut 60 ft wide at bottom, followed by a caterpillar-mounted 
steam shovel with T/g-yd dipper; the latter took up only half the width of “ wash” exposed, leaving 
other half as a bench for the return trip of stripping shovel. Thereafter, lateral stripping was 
dumped on the area previously occupied by “wash”; 17 cu yd of overburden had to be moved to 
expose 1 cu yd of wash. The small shovel loaded into 1-cu yd, side-dump cars, hauled by gasolene 
loco to end of cut, and dumped into a sluice leading to gravel-pump sump. An 8-in centrif gravel- 
pump, driven by 90-hp steam engine, raised the mixture 65 ft to sluice boxes at top of bank (Art 126). 
Stripping at 2 500 cu yd per day (not full capac) cost in pence per cu yd: fuel (coal @ £3 per ton, 
del’d), 2.49; white wages, 1 19; native, 0 75; oil and stores, 1 15, repairs and spares, 0.44; overhead, 
0 38; total, 6.4d. Mining of “wash,” pence per cu yd: breaking, loading and hauling (800 ft), 6 80; 
labor at gravel pump, 1 32, labor at sluice boxes, 1 90; white supervision, 5.14; coal, 5.72; oil, stores, 
and repairs, 2.36, management and misc, 1.99; total, 25 23d 

Inca Placers, Lumberton, Fort Steele Div, B C. H. Sargent (399) in 1938 described 
operations by Consol Min & Smelting Co, Palmer Bar Cr. The deposit of unsorted gravel, 
400 ft wide and 1/2 mile long, parallel with stream and 5-30 ft above its level, is unusual 
in that gold (fairly coarse) is confined to upper 3-6 ft; of several drill holes to bedrock, the 
deepest showed 200 ft of underlying barren gravel. Boulders large and numerous, but 
barien overburden is absent. Water from a dam 0.5 mile upstream is flumed along upper 
edge of deposit. 

Methods used: (a) Hand shoveling into sluices running downhill from the flume towards the 
creek; limited to small areas, and generally unprofitable, due to boulders, (b) Digging by Diesel- 
power shovel, discharging on belt-conveycr 70 ft long (gasolene-driven) which elevates gravel to 
upper end of a substantial line of sluice boxes; conveyer is mounted to permit shifting along the 
sluice, (c) Use of 2 auto-trucks to carry gravel from power shovel to foot of conveyer. Trucks are 
loaded from a movable pocket covered by grizzly with 6-in spacing; oversized boulders stacked by 
same shovel, but largest are not moved from the pit. 

Dragline excavator (Art 97 and See 3) has recently attained considerable prominence in 
placer mining, both in deposits of dry gravel and in those of which part or nearly all is 
excavated from under water. The dragline has many of the drawbacks of the power shovel 
and can not dig as hard material, handle boulders so readily, nor work successfully on an 
irregular rock surface. But it is more mobile and has these distinct advantages: (a) it has 
a w’ldcr digging laduis, hence less fiequent moves are necessary; (5) it stands on the surface 
and dumps at a considerable elevation above its track; thus grade for sluices may be 
obtained without a separate elevating device, under conditions impossible for a pow’er 
shovel standing on bedrock; (c) the operations of loading, tramming and elevating cars, 
common to many power-shovel operations, are raiely necessary; the long boom of the 
excavator enables it to do its own transporting and elevating. Dragline excavators can 
also mine small j’^ardages of loose gravel which w'ould not warrant installation of a dredge. 
Following examples illustiate applications of the dragline for excavating, transporting, 
and elevating giavel to movable sluices or washers. For use of dragline w'ith floating wash- 
ing plants (Dragline Di edging) see Ait 129. 

Atlantic City, Wyo. Data from C. L. Ross and E. D Gardner (118) in 1935, on drag- 
line excavator and track-mountcxl washer operating in 1933-1934 along Rock Cr. Elev, 
7 600 ft. Channel 100 -250 ft (aver, 200 ft) wude. Well rounded and easy digging gravel, 
9-12 ft (aver 10 ft) deep, containing few bouldeis: 65% of material washed w’as below */ 4 -m 
diam. Upper 3 ft wa.s barren soil, bedrock, diorito schist decomposed to depth of 2-5 ft 
into tough blue clay, sloped 2*^ (not enough for sluicing). Most of the gold, rounded and 
relatively small, w^as in lowest 6 in of gravel; higher gravel carried 5ff per yd; black sand 
not abundant. Excavator was a <*aterpillar-nioiintod dragline, with 60-ft boom and 1.25-yd 
bucket when using gasolene, 1.75-yd with 40° fuel orl. Hopper of washer w'as 27 ft above 
base of excavator. Washer (total w't 55 tons) moved on a pair of 90-lb lails, in 15-ft sec- 
tions, spaced 15 ft 7 in apart; each rail rested on ties at toj) of a 4-ft embankment (above 
bedrock) placed for the purpose by the excavator. Washer was carried on 7 w'heels on each 
rail, and was dragged ahead, 15 ft at a time (4 times m 24 hr) by the excavator. Washing 
equipment; (a) hopper holding 3 bucket-loads; (5) trommel, 4.5 ft diam, in 3 4-ft screening 
sections (5 ft blank at each end) punched with 0.25-, 1.5-, and 0.75 by 1.5-in holes; (c) 
5 parallel sluice boxes, 28 in wide, 12 ft long, 19-m drop, with iron-capped riffles 1.75 in 
high spaced 1.25 in apart; (ci) tailings sluice, 28 in wide, 72 ft long, with same riffling and 
grade as the boxes and discharging 8 ft above bottom of cut; (e) stacker, a 26-in rubber belt 
40 ft long, with rise of 8 ft. Water (1.25 cu ft per sec) w as drawn from creek at max dis- 
tance of 1 200 ft from the washer, through 12-in slip-joint pipe in 15-ft sections, one of 
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which was removed (or added) at each move of washer. Centrif pump, with 76-hp gaso- 
lene engine, gave a 60-ft head. Pump was carried forward, in 1 200-ft steps, by the 
excavator. 


For OPERATING PiAN 866 Fig 813. Cr66k was first divertsd into a ditch 50-100 ft outside the 
channel. Stripping to full width of channel was done on 2 trips in opposite directions. A drain 
ditch was dug 4 ft into the decomposed bedrock along each side of channel, its material being 
dumped on top of exposed gravel, while overburden was piled outside Stripping was kept at least 
60 ft ahead of gravel digging, normally by stripping during night shift and digging gravel the other 
2 shifts; in Spring and Autumn, when freezing prevented washing, stripping might advance far 
enough to permit washing for a time on 3 shifts, when next resumed. Usual rate of stripping was 
1 000-1 200 (aver 1 150) cu yd per 8 hr Gravel removed in 15-ft cuts across full width of channel, 
the dragline standing alternately to right and left of washer. About 18-24 in of decomposed bed- 
rock was taken up, with care 
to mix it with gravel to aid 
disintegration. During 240- 
day season of 1934, plant ad- 
vanced 6 600 ft upstream, 
washing 420 000 cu yd (aver 
recovery, 23 75(i) at total cost 
(incl stripping) of 11 9^ per 
yd, comprising: labor and 
supt, 4 5^; fuel, 1.8ji; other 
supplies, 2.7^!; royalty, 1 7G 
deprec, taxes, insurance, etc, 
1 1^. Crew included 6 men 
each on AM and PM shifts, 
and 5 men at night; super- 
intendence by owners. 

Calaveras County, Cal. 

Data from S. R. Fox (166) 
in 1935. Lidgerwood drag- 
line with 60-ft boom and 
1.5-yd Page bucket made 
cut 120 ft wide, dumping 
into 14 by 14-ft hopper of a 
movable washer. Excava- 
tor had 60-hp boiler, fired 
with 1.5 cords of wood per 
9-hr shift. Washer, mounted 
on rollers on a plank-track, 
had 4.5 by 22-ft trommel 
punched with ^/g-in holes 
and a few 0.75-in holes at 
lower end to save occasional 
nuggets and provide coarser 
pebbles to counteract pack- 
ing behind riffles. Total 
length of tables and sluices, 
70 ft, of which 55 ft had 
Hungarian riffles (Art 125) ; 
riffles caught over 95% of 
total yield and about half of 
all the flour and flaky gold 
recovered; remaining 15 ft 
of sluice was floored with 
coconut matting under wire 

screen. Coarse tailings stacked by 24-in belt 40 ft long, disposal being aided at times by 
portable hydraulic giant. Water supplied by 10-in centrif pump, driven by water wheel 
under 300-ft head; same wheel drove 20-hp generator supplying 15-hp motor on trommel 
and stacker. A 30-ft move of dragline took 10 min; of washer (dragged by tackle from 
dragline), 20 min; total moving time of 3 hr was consumed mainly with water connections, 
using canvas tubing at elbows; with flexible and slip joints in metal pipe, total moving 
time probably would be about 1 hr. Total operating costs, 16.7fi per cu yd. 

Hillsboro diet, N M. Data from O. H. Metzger (450) in 1938. Area of about 1 200 
acres in Dutch Flat was being worked by 2 dragline excavators with 1- and 1.25-yd buckets, 
and a transportable washer having four 36-in Ainlay bowls. One dragline was used for 



(113) 



DERRICKS, CABLEWAYS, INCLINES, EXCAVATORS 10-549 


stripping 2-6 ft of soil, amounting to about half of total excavation; other dragline for 
gravel, at about 300 cu yd per 8 hr. Grizzly over washer hopper discarded boulders; gravel 
passed to trommel washer rejecting all over 0.25-in to stacker; undersize to Ainlay bowls, 
of which only 3 could be run when water was low. Tailings from bowls passed by Wilfley 
pump to coarse stacker, water being impounded for reuse. New water was pump^ 4 miles 
from wells. Entire washing plant driven by 65-hp engine; fuel for this and all other equip- 
ment was gasolene. Washer, mounted on wheels, was moved by caterpillar tractor. Yield 
reported as 50-75^ per yd; tailings, about 10^. Costs; excavating (incl stripping) and 
washing, 16-20ff; pumping, etc, 4-5ff; total, 20-25ff per yd, excl capital charges and royalty. 
One-shift work required 10 men at combined wages of $50. 

Willow Cr, Iditarod dist, Alaska. One dragline installation described by N. L. Wimmler (188), 
operated for several years after 1916, working 4-6 ft of light gravel under 12 ft of frozen muck; 
bedrock, soft slate decomposed to sticky clay on top. Bucyrus dragline with 60-ft boom and 1.6-yd 
Page bucket (weighing 3 700 lb), driven by 60-hp boiler, was mounted on skids and rollers. It exca- 
vated 1 ft into bedrock, uncovering 100 000-150 000 sq ft per season, or about as much as could be 
cleared of overburden in that time by ground-sluicing. Aver pit, 110-120 ft wide by 160 ft long, 
required 6 positions of dragline, radiating about 65 ft from central dump box at head of sluice. 
Water, 160 miner’s in. Labor cost (5 men), $57 per day; wood (1.25 cord), $25 per shift; no pump- 
ing required. In 1922 (good water supply) 130 000 sq ft (67 400 cu yd) of overburden was ground- 
sluiced for Ojf per cu yd. In 52 10-hr shifts of 7 men, 24 100 cu yd of gravel and bedrock was treated 
for 28ff per cu yd. Combined cost, to 19 ft depth, 16^ per cu yd. 

Circle dist, Alaska. J. B. Mertie, Jr (463) gives following data on 2 similar operations 
in 1936-37. Mastodon Cr. Pay gravel in length of 0.75 mile varied 120-160 ft wide, 
12-15 ft deep, with 4-5 ft of overlying muck; bedrock was fissured mica schist. Aver 
diam of gravel, 12 in, with numerous boulders to 4-ft diam. Gold, fairly coarse, was dis- 
tributed through 5-6 ft depth of gravel (9 ft m some places) and sometimes penetrated 
3-4 ft into bedrock, of which 1.5 ft was normally scraped. Caterpillar-mounted dragline 
with 55-ft boom and 1.25-yd bucket was operated by 120-hp, 6-cyl Diesel engine. A bull- 
dozer was used to push gravel from margins of cut to within reach of dragline. Elevated 
sluice, completely enclosed and weighing about 30 tons, was mounted on 2 skids. Square 
dump box had rail grizzly discharging larger boulders over the side. Sluice, 80 ft long, 30 
in wide, was of steel boxes lined with wood; grade, 13.5 in per 12 ft. Cross-riffles were of 
steel rail, heads up, and 0.5 in apart at base. Sluice water was supplied at 4 200 gal per min 
by 12-in pump, driven by 160-hp Diesel engine, and drawing from a dam downstream 
from workings. Under good conditions, 15 men could treat 1 000 cu yd per day. Dead- 
W'OOD Cr. Pay gravel alxiut 250 ft wide, 6 ft deep, covered with 5 ft of muck, and resting 
on fractured bedrock, of which 2-4 ft was scraped. Gravel was well rounded, mostly 
smaller than 10 in (aver, 5 in) with few boulders as large as 2 ft. Gold fine (5-6 mg) 
and flaky, and 85% of it was on or in bedrock. Caterpillar-mounted, Diesel-driven 
dragline had 55-ft boom and 1.5-yd bucket. A bulldozer was used as on Mastodon 
Cr. Elevated sluice, on skids, had dump-box 7 ft wide, 34 ft long, with block riffles, and 
50 ft of steel Ixixes 34.5 in wide, with Mn-steel cross-riffles; grade, 1.4 in per ft. A No 1 
giant with 4-in nozzle, working on gravel in dump box, was supplied with 4 OCK) gal per min 
by 10-in contrif pump driven by 97-hp Diesel engine, water came originally from 
a ditch, but within sufficient head. Crew of 17 men cleaned 3 000 sq ft of bedrock 
per day. 

Power excavators in general. Modern types are often constructed to operate, after 
necessary but simple alterations, as either shovel or dragline; full-revolving machines are 
most flexible; those of walking type have an advantage over caterpillar-mounted on soft 
ground. For use of draglines delivering to floating washers, see Art 129. For sizes, 
eapac, digging and dumping radii and lifts of shovels and draglines, see Sec 3, 27. For 
placer mining, dippers or buckets of less than 2-cu yd capac are usually preferred. For 
respective advantages of dragline and shovel, see paragraphs above. Table 109 gives 
data on 5 placer operations using power excavators reported by Gardner and Allsman (165) 
08 operating in 1937. S. R. Fox (166) offers following advice relating to draglines: (a) 
Small, light, convertible shovel-draglines, with 35- to 40-ft booms and 1-yd or smaller 
buckets are not satisfactory for placer mining; their short reach entails too frequent 
moves, and the light bucket will not dig efficiently at depths below 20 ft. (b) A 60-ft 
boom and the heaviest model of 1.5-yd Page bucket make the smallest effic combination, 
which should have about same capac as a 2-cu ft chain-bucket dredge, (c) For estimating, 
not more than half the max rated capac should be assumed as attainable; best basis is 
record of actual performance over 30- or 60-day period, (d) Washer should be designed 
for capac 20% greater than that of excavator. 
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Table 109. Data on Five Placers Using Power Excavators in 1937 (165) 



I 

II 

Ill 

IV 

V 

Aver depth gravel, ft 

18-20 

15 

17 

40 

25 

Digging character ... 

easy 

easy 

easy 

hard 

hard 

Boulders over 1 2-in diam. 

none 

many 

none 

5% 

few 

Clay 

none 

little 


none 

none 

Bedrock 

granite 

gran and sch 

vole ash 

serpentine 

tuff 

Excavator 

dragline 

2 drags, 1 shov 

2 drags, 1 shov 

shovel 

shovel 

Dipper or bucket capacity, 






cu yd . 

1 

2 1/2 and 1 1/4 

2 1/2 and 1 3/4 

1 1/4 

3/4 

Excavator boom, ft. 

50 

50 and 22 

drag, 50 

21 


Excavator power 

Diesel 

gasolene 

elec 

gasolene 

gasolene 

Aver dug per hr, cu yd. 

(a) 100 

180 

240 

75 

62 

Hr per day digging .... 

16 

15 

20 

16 

8 

Transport by 

1 movable 

1 movable 

1 movable 

trucks 

trucks 

Length of haul, ft 

’ washer 

^ washer 

' washer 

900 

600 

Trommel holes, in 

V4 

1 V8 

1 1/8 

1 1/2 

6/8 

Oversize disposed by. . 

belt 

belt 

belt 

truck 

belt 

Power for washer 

elec 

gasolene 

elec 

gasolene 

elec 

Sluices, width 

1 4 36" 

8 ^ 14" 

12 @ 14" 

48" and 34" 

1 


> .Ainlay 

8 @ 20" i 



if) 

total length, ft 

) bowls 

52 ! 

53 

86 

) 

“ grade, in per ft . . 


1 1/4 

1 1 / 4-1 1/2 

1 1/4 

1 

Riffles 

none 

1 1 / 4 " angles 

I 1 / 4 " X 1 1 / 4 " 

1 1 / 4 " X 1 1 / 4 " 

1 V 4 " X 1 1 / 4 " 



and corduroy ^ 

angles 

angles 

angles on mat- 




1 


ting 

Stacker belt 

18" X 48' 

36" X 100' 

48" X 120' 

none 

24" X 65' 

Water consumed, miner’s 






in 


205 

374 

223 

71 

Water supplied by 

10-hp pump 

pumps 

pump 

pump 

50-hp pump 

Shifts per day 

2 @ 9 hr 

2 @ 10 hr 

3 @ 8 hr 

2 @ 9 hr 

1 @ 8 hr 

Men per day ... 

7 

(6) 22 

(c) 24 

id) 22 

M 4 

Wages, i per hr, weighted 






aver 

71 

(6) 70 

(r) 89 


72 

Total cost of plant. . . 

(g) $12 000 

$147 200 

$264 795 


ih) $30 000 

Operating cost, i per cu yd: 






Labor 



4 4 

13 

4 6 

Supervision 



1 1 

2 

2 0 

Power. 



1 9 

7 

2 4 

Supplies 



3 7 

11 

2 0 

General 



0 6 

2 

5 2 

Total 

(A:) it) 8 0 

25 0 ! 

(t) 11 7 1 

( 2 ) 35 

if) 16 2 


I — Pantle Bros, Lincoln, Cal II — Humphreys Gold Corp, Clear Cr, Colo III — Humphreys 
Gold Corp, Virginia City, Mont IV — W. Von der Hellen, Siskiyou Co, Cal V — I^aGrange, 
Cal. 

(a) Incl stripping of 10- 12 ft of overburden (6) Excl 2 supts, 1 foreman, 1 time-keeper 
(c) Excl 8 supts, foremen, and technicians (d) Incl 10 truck drivers, but excl 6 supts, me- 
chanics, etc (e) Excl 1 foreman (/) 500 sq ft of area (^) Washing plant only. (h) All 
new equipment. (») Excl depreciation. 0) Incl depreciation. (^') Based on total yardage, 
incl stripping. 


123. HYDRAULIC MINING OR HYDRAULICKING (See also Art 08. 120) 

Term “ hydraulicking ” is applied to excavation of gravel banks by streams of water under 
press from nozzles Method was invented in Calif, 1852, by E. E. Mattison, Bib (391) gives history 
of development. In the U S, most deposits suitable for hydraulicking have been exhausted or, 
until recently, were unworkable due to legislative restrictions on disposal of tailings; recent govern- 
mental program of constructing debris dams has permitted some revival of hydraulicking in Calif 
(464); (see Dumproom, below). 

General plan of work. Water is impounded in reservoirs, or diverted from streams, 
and conducted in ditches, flumes, and pipes to an elevated rxiiiit above the placer and 
thence to the working face through pipes. Pipes terminate in oiants or monitors (Fig 
819), which control direction of jet. Gravel is broken partly by direct impact of jets, 
partly by undercutting and forcing banks to cave. Water flows away from the face 
(usually in bedrock ditches), carrying gravel to a sluice leading to a dump; the giants 
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often “pipe” fallen gravel into the sluice, and “bank water” (see below) is often supplied 
for same purpose. As the face is washed away, the bedrock cuts and sluices are advanced. 
Cemented gravel banks may require blasting before they can be disintegrated by water 
(Bank blasting, below). Gold is captured chiefly in the sluice. 

Details of water supply and methods of opening and advancing working faces, arrangement of 
pipe lines, giants, sluices, etc, vary with local conditions; the accompanying cuts indicate diversity 
of practice (see also Fig 843). Fig 814 shows ideal conditions of grade and dumproom; Fig 815, 
layout for a bench placer; Fig 816, a mine on a small stream (404), where bedrock grade (2.36%) 



P'ig 814. Simple T.ayout for Hydraulicking 
(after \ oung) 







H 

■ 

■ 


Fig 815 Layout for Hydraulicking Bench Gravel, 
Klondike (alter Punngton) 


It Dilft 

ft Roulciory gravel 
ft Boulder clay 

wHjjTiTjs 1 ft Fine bine clay 
ft Heavy boulders 


was insufficient to provide dumproom, and tailing had to be elevated, the pit itself was used for 
a dump as work proceeded upstream. 

Tunnels are sometimes driven, to carry sluices to lower ground furnishing a gravity dump; 
also for opening placers, where local conditions prevent open-cut entry on bedrock. Thus, in 
Fig 817, tunnel T is driven on sluice-grade to the 
lowest point of the bedrock, and connected with 
surface by 1 or more shafts, 8. Gravel is hydrau- 
licked into the shaft, the timbers and protecting 
lining of which are removed as excavation is deep- 
ened. On reaching bedrock, the gravel bank is 
hydraulicked to the sluice in the tunnel Bowie 
states that SOO-ft shafts in Calif were readily oper- 
ated in this way; their cross-aec was 3 by 3 ft to 
4 6 by 9 ft, tunnels were 7.5 to 8 ft high and 2 to 
3 ft wider than the sluice, to give room for construc- 
tion and cleamng-up (391). 

The principal problems of hydraulic mining 
are connected with water supply, sluice grades, 
and dumproom; the method appears simple, but 
has rigid limitations. Some small-scale hydraulick- 
ing Ls successful, but as a rule it is adapted to large 
outputs; it rtviuires large initial investment, and 
skilled management and engineering. 


Mecb clev 
Tailing 
Sluice 850 ft 


Fig 816. Hydraulic Mine near Beauce^'^lle, Quebec 



Size and tenor of deposit must be such as will amortize the investment required for its 
exploitation and pay the pioflt desired. Mininium gold content that will yield a profit 
may vary with locality from 4 to 50^ or more per cu yd, depending on capital invested, 
rate of working, life of property, working costs 
and gold recovery. 

Character of gravel and bedrock (see Art 

118 ). 

Water supply must be ample for required 
output. Speed of woiking determines rate 
of return, and depends largely on amount of 
water available (see Duty of water, below), 
which is related to the press; a small amount under high press often breaks as much gravel 
as a larger amount under a lower press. But the output is often determined by the sluice 
1—29 



Fig 817. 


Hydraulic Mine opened by Tunnel 
(ci oss-aec) 
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capac (Art 124), instead of the cutting capao of the giants. Pressure must be sufficient 
to allow giants to be set at a safe distance from face and still do effective work. Giants 
usually operate under heads of 200 to 400 ft, occasionally 600 ft; less than 200 ft is apt to 
give a low duty. Shallow creek placers of Alaska are hydraulicked on a small scale with 
heads of 35 to 100 ft; danger of sudden caves and slides from high banks requires higher 
press, so that the giants may throw streams from a considerable distance. With heads 
over 600 ft, the requirements for heavy pipe, bracing, and anchorage become exacting (386). 
Numerous attempts made to pump water for hydraulicking have nearly all been commercial 
failures (390) (compare Art 98). 

Grade for sluices best adapted to most cases is 4-5%. Cost and difficulty of operation 
increase as grade flattens, until a point is reached where hydraulicking is impossible 
(Art 124). Grades may be increased artificially by use of elevators (Art 126). 

Dumproom must be available at end of sluice; it is computed from surveys, allowance 
being made for the swell of excavated gravel. 

A deep canyon, or a torrential stream which will carry away tailing, provides ideal dumps. 
Bench placers are usually well situated as regards dumproom. Large dumps are built up on sloping 
ground by gradually extending lower end of the sluice (Fig 814) ; branch sluices are often installed 
and the dump widened (fanned-out) as well as lengthened. In either case, slope of the ground must 
be steeper than the sluice grade. Tailing must sometimes be impounded to prevent damage to low- 
lying mining or farming land. This condition may prohibit hydraulicking, due to impossibility 
or cost of installing and maintaining debris dams, especially for large-scale work Hydraulicking 
in the Sacramento and San Joaquin drainage areas, Calif, practically ceased in 1893, when the 
Caminetti Act was passed, creating a Federal commission to regulate hydraulic mining and prevent 
further silting-up of these rivers. For details of this act, and for types and construction of debris 
dams, see Bib (405, 464) Amendment of the Caminetti Act, and passage of the Placer Mimng 
District Act by the Calif legislature in 1934, encouraged renewal of hydraulic mimng in that State 
Present Calif law permits erection of storage dams behind which the mines of the district may dis- 
charge their tailings upon payment of designated fee At the pnvately owned Bullard’s Bar dam, 
on North Yuba River (capac 80 000 000 cu yd), storage fee was originally Zi per cu yd measured 
at pits; later reduced to 2^ with rebate for volume of boulders stacked in pit, which reduced storage 
charge to about l.Sft per cu yd. 

Timber is necessary for houses, flumes, trestles, sluices, riffles, sluice hnings, etc. For a large 
operation, a sawmill is usually required at the start, located preferably near the head of the supply 
ditch, either above or below where the water is diverted. Timber is then floated to points where 
it IS needed. Cheap timber materially reduces costs (386). 

Working season is often limited by climate or water supply. Alaskan seasons vary 
from 100 to 120 days. Where climate permits continuous work, water is rarely available 
the year around, even with reservoirs for impounding flood waters and melting snow 
Length of season, proper scale of operation, annual returns, and capital, arc closely related. 

Summary. Requirements for successful large-scale work are rarely satisfied com- 
pletely. Adequate amounts of gravel, gold, water and head, and a feasible working season 
are essentials. Lack of natural sluice grades and dumproom geneially prohibits extensive 
hydraulicking, but may sometimes be met by use of some form of elevating device; the 
latter adds an operating and capital cost which may or may not bo prohibitive. 

Miscellaneous data on equipment. Water supply is usually the most costly item, see Sec 38 
for general data on rainfall, runoff, reservoirs, ditches, flumes, and pipes Flumes are preferable to 
ditches in all doubtful ground, both should be provided with turnouts and sand gates. Distributing 
reservoirs are required near end of ditch to avoid wastage when giants are turned off; their number, 
size, and importance increase with the length of ditch and numbei of shut-downs that occur. Almost 
any reasonable expenditure is justihed for preventing breaks in the supply system, constant opera- 
tion is essential to large output and low costs A pressure box (penstock) is necessary at upper 
end of pipe leading to giants, to catch floating leaves and sticks, settle fine sediment, and keep air 
out of the pipe; for details, see Bib (391, 406). A single pipe line is desirable if it will supply all the 
giants; it must be carefully anchored and descend to the pit in as direct a line as possible. Air valves 
are necessary to prevent collapse of pipe when it is emptied. Each branch leading to a giant should 
have a gate. 

Operation of giants. Banks are usually broken by undercutting and caving. Work- 
ing faces should be kept square and advantage taken of corners. Narrow pits or deep 
concave faces are avoided, as workmen are constantly menaced by falling material. 
Water should be turned away from a bank that is about to cave, otherwise the rush of 
caved material may reach the giants and men. Water cuts fastest where thrown against 
a bank at an oblique angle. Banks shaped as in Fig 815, with giants placed opposite a 
nose, allow effective use of water and reduce danger from caves, as the latter fall outward 
at right-angles to face and not toward the giant. Some Alaskan operators work creek 
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gravels 15-50 ft deep by setting the giant on top of the bank and piping downstream, but 
the duty of water thus obtained does not indicate a high effic (390). With 1 giant, part of 
the bank is caved, then with a larger nozzle the fallen gravel is washed to sluices. With 
2 or more giants, their time is apportioned between caving and sluicing. Booster giants 
may be used to drive gravel across flat bedrock to sluices. Ruble elevator (Art 126), 
when used, requires a separate giant, and another is often used (sometimes only periodi- 
cally) for spreading tailings piles. 

Number of giants depends on size of working face, character of gravel, press and 
amount of water. Practice tends towards use of a small number of large giants, rather 
than a larger number of small ones; the former cut faster and save labor. Giants are 
placed to command as much of the face as possible, to work advantageously in a combined 
attack on one point, and as near the face as is safe (406). For best results, at least 2 giants 
and 2 working faces are required, so that hydraulicking may proceed on one face while 
boulders are being removed from the other (394). 

Height of face for economical work is normally limited to a max of 150-200 ft; higher 
banks are usually worked in benches. Conditions allowing high benches are: high water 
press, compact gravel that does not “run” when caved, and a wide pit. Where the 
bottom layer of a high face is tough, the upper gravel may be piped off far enough to allow 
giants to be moved closer to the face and exert more force. 

Bank-water (bank-head or bye-water) applies to streams brought to the pit in ditches, 
not under press. Bank-water is allowed to run over the face, aiding in disintegrating 
clayey gravel, thawing frozen ground, moving gravel to slmce, and maintaining a steady 
flow through it. 

Bedrock cuts or ditches are a continual and sometimes serious source of expense in 
most hydraulic mines; in some early Calif mines, they reached 60 ft depth (391, 407); in 
case shown in Fig 815, 4 men were constantly employed in extending bedrock cuts (390). 
When much clay is present, more branching bedrock cuts are required than for fine sandy 
gravel (406) ; grade of bedrock also influences spacing of cuts. Drainage of pits is usually 
provided for by sluices; occasional bedrock drains are required. 

Boulders too large to be piped to and through the sluice are removed by derricks or cableways 
or broken up. As derricks must be located behind the giants, they must have long booms and 
masts and are cumbersome to move. Cableways do not interfere with giants, but have restricted 
reach sidewise. Derricks and cableways may be operated by small water wheels; either is usually 
preferable to blasting where boulders are numerous, especially if sluice grades arc flat (406). 
Sledging, if feasible, is generally the cheapest mode of breaking boulders if done by cheap labor 
and without delaying piping; “mud-capping" (Sec 5) usually costs more than blockhohng. 
R. 11, Ernest, Round Mountain Mining Co, Nev, states that for mud-cappmg 839 rhyolite boulders, 
many highly sihcified, aver sue 4 cu ft, 402 lb of 40% gelatin dynamite were used or 0.481 lb 
per boulder. 

Bank blasting is sometimes necessary in cemented gravels before they can be broken 
dow’n by giants. Small T-shaped tunnels (Fig 818) are usually driven at the foot of high 
banks. Drifts D are charged with explosive and drift E is tamped 
solid with the excavated material. Only enough explosive is used 
to shatter the ground; in some cases several cross drifts D are 
driven. A blast will usually shatter nearly twice the area of 
ground covered by the drifts. In some cases, where only the bot- 
tom layer is cemented, the top gravel is hydraulicked, and small 
shafts are sunk to bedrock, where the explosive is placed in small 
chambers. Bank blasting has seldom been employed in recent 
years. 

Miscellany. Cleaning bedrock is sometimes done by giants; hard creviced bedrock 



Fig 819. Giant or Monitor 


must be cleaned by hand at high cost. Lighting is necessary at night, since work ia 



£Jc« of Uak , 


Fig 818. Bank 
Blasting 
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continuous; modern equipment usually includes a small hydroelectric plant. Labor. 
Skilled men required are: nozzle tenders, carpenters, blacksmith; sometimes a machinist 
and derrick winchman. For sluices, riffles, etc, see Art 124, 125. 


Table 110. Sizes and Weights of Hydraulic Giants 

(Joshua Hendy Iron Works, San Francisco, 1939) 


Giant 

No 

Inlet 

diam, 

in 

Butt 

diam, 

in 

Std 

Nozzle 

diam, 

in 

Heaviest 

Part, 

lb 

Ship- 

ping 

weight, 

lb 

I 

7 

4 

2, 3 

120 

390 

2 

9 

5 

3, 4 

150 

520 

3 

11 

6 

3, 4 

210 

890 

4 

II 

7 

4, 5, 6 

225 

1 075 

5 

13 

8 

5, 6 

335 

1 475 

6 

15 

9 

6, 7 

520 

1 850 

7 

15 

10 

6. 7 

520 

2 100 

8 

18 

10 

7, 8 

600 

2 300 

9 

18 

It 

9, 10 

690 

2 450 


Table 111. Water Discharged, Cu Ft per Min, by 
Hydraulic Giants (a) 


Effective 
head, ft 

100 

200 

300 

400 

500 

600 

Nozzle 
diam, in 







2 

94 

133 

163 

188 

210 

232 

3 

222 

300 

368 

425 

475 

522 

4 

380 

535 

655 

756 

845 

926 

5 

590 

835 

1 020 

1 180 

1 320 

1 445 

6 1 

850 

1 200 

1 470 

1 700 

1 900 

2 080 

7 1 

1 160 

1 635 

2 000 

2 320 i 

2 590 

2 835 

8 

1 510 

2 140 

2 620 

3 020 

3 380 

3 700 

9 1 

1 920 

2 700 1 

3 320 

3 820 

4 270 

4 680 

10 1 

2 360 

3 340 1 

4 090 

4 720 

5 280 

-5 780 


(a) From Joshua Hendy Iron Works, San Francisco, 
Cal, in 1939 Flow based on discharge coefficient of 0 90, 
see under "Discharge through nozzles”, also Sec 38 


Giants (monitors). Fig 819 
shows a modern, double-jointed 
giant, connected to pipe line by a slip 
or a flanged joint. It can swing 
horizontally through a full circle 
about the joint J, and through a wide 
vertical angle about joint M. Weight 
of the spout is counterbalanced by 
lever S and weighted box P; lug L 
is bolted to a heavy timber, securely 
fastened and braced to bedrock; 
guide vanes are set inside the spout, 
to prevent rotary motion of the jet 
which destroys its solidity. 

Details of construction vary A 
vertical king-bolt K, to take the thrust 
as the water enters the giant, is com- 
mon, top of the bolt should have a ball- 
bearing to reduce friction when the giant 
IS su ung Some makers replace the king- 
bolt by a special ball-bearing joint at J, 
to avoid obstruction to the IJow, but the 
king-bolt 18 a good safety precaution, 
and, with well designed pressure boxt?8, 
should give no trouble by catching 
stringy matter Tables 110, 111 give 
data on Hendy giants, other makers 
build giants of similar size and wt. 

Nozzles (A, Fig 819) of differonii 
makers are not interchangeable; 
nozzle of any size may be attached 
to a giant up to the max it will take 
They must \ye carefully designed and 
highly finished, otherwise the jet is 
ragged and cannot be throwui as far 
without spraying. Grit cuts the 
nozzle, and destroys shape of jet 


Deflectors. Small giants, or those working under light heads, are pxiinted by hand: 
deflectors are required on large giants and in general where tho head much exceeds 100 ft 
Deflectors are of 2 kinds: (a) A short flexible coupling C, with ball joint and leather gasket, 
is inserted between nozzle N and end of spout P (Fig 820). (6) A short section of pipe, a 

little larger than the nozzle, is attached loosely to its 
end and projects over the jet, it may have a threaded ^ 

tip, replaceable when worn Both types turn fieeb 
on gimballed joints, and are controlled by a lever J 
(406). The reaction of the jet, when di\erted b;; 
the deflector, forces the giant in the opposite direc 
tion; L is easily moved and gives a sensitive control. Fig 820 Deflector for Giant 
Type (b) is best for heads over 300 ft, but requires a 

separate deflector for each size of nozzle. A single deflector of type (a) will take any 
nozzle smaller than the max that can be used on the giant. 

Discharge through nozzles (Sec 38, Art 9). Approx calculations may be made by the 
formula, Q == Ca\^h, where Q * discharge, cu ft per min; a = cross-sec area of nozzle, 
sq in; = head at nozzle, ft; (7 ** constant depending on coeff of discharge. 

For giants with inside vanes (see above) tho coeff of discharge is put by I.ongndgo 
(394) between 0.8 and 0.86; by J. J. Garrard (397) as 0 94. Corresponding values of C 
are 2.68, 2.84 and 3.14, respectively. Makers' tables usually give full theoretical discharge 
(C =* 3.34) with no allowance for friction. 

Miner’s inch (Sec 38, Art 19), unless otherwise stated, is taken here as equivalent to a 
flow of 1.5 cu ft per min, corresponding to its legal definition in (^alif and Mont (40 miner’s 
in * 1 cu ft per sec). Inch-day is the volume (2 160 cu ft) delivered by 1 miner’s in 
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flowing 24 hr. Old records of the duty of water in hydraulicking require careful scrutiny 
in Calif alone, the inch varied locally from 1.2 to 1.76 cu ft per min (391), 

Duty of a miner’s inch in hydraulicking is the cu yd of gravel which can be broken 
down and sent through sluices in 24 hr by 1 miner’s in. It varies with height of bank, 
character of gravel and bedrock, grade of bedrock, amount and pressure of water, manner 
in which the water is utilized, and with all the factors influencing sluice capacity (Art 124). 
Published data rarely state completely all the factors involved. See Tables 112-117; 
also Art 124 and under examples below. 


Table 112. Duty of the Miner’s Inch at North Bloomfield and La Grange Mines, Calif 

Bowie (391) 



Date 

Cu yd 
gravel 
washed 

Miner’s 

in-days 

Grade of 
sluices 

Height of 
bank, ft 

Duty 

per in-day, 
cu yd 


1870-1874 

3 250 000 

710 987 




100 

4 6 

North 

1875 

1 858 000 

386 972 

] 

^ 6 5 in per J 
12 ft 1 

[ 

100 

4.8 

Bloomfield 

1876 

2 919 700 

700 000 

\ 

1 


200 

4 17 

Mine (o) 

1877 

2 993 930 

595 000 

] 


265 

1 3 86 


Total 

11 021 630 

2 392 959 

■ 


4 6 


1874-1876 (r) 

676 968 

624 745 




10- 48 

1 08 


1875-1876 (U) 

683 244 

375 155 




60 

1 82 

La Grange 

1874-1876 (c) 

284 932 

207 010 


1 6 ft 


50- 80 

1.37 

1875-1878 (/) 

459 570 

302 960 



40- 50 

1.52 

Mines (6) 

1880-1881 (g) 

329 120 

203 325 




10- 80 

1.57 


Total 

2 433 834 

1 713 195 





1 42 


1908 (/i) 



1 8 in per 12 ft 

100-200 

7-10 


Note. Duty of miner’s in in early Calif work was estimated by State and U S Army engineers at 
1 to 7 5 cu yd, aver about 3 cu yd J H Hammond gave following data: At Hobson’s mine, 
Placer Co, piping a 120-ft bank, using 500 in water at head of 360 ft, with sluices set on grade of 
12 in per 12 ft and paved with rock riffles, duty of a miner’s in was 24 cu yd in light free gravel 
and 10 cu yd in ooarbe cemented gravel Py increasing sluice grade to 18 m per 12 ft and using 
iron riffles, duty of one inch in light gravel increased to 36 cu yd These figures are exceptionally 
high (107) (u) Larger part of material moved was top gravel Sluices, 6 ft wide by 32 in deep. 

Plock riffles used almost entiiely. rock riffles in tail sluices (6) Sluices previous to 1881 were 4 ft 
wide by 30 in deep, paved with blocks (c) French Hill claims (d) Light Claim (e) Ghesnau 
C'laira. (f) Kelley C'laim (g) \ igno Hill (/i) Data from P Houery, Supt, pub by Joshua Hendy 
Iron Works, HuirNo 111 Sluices, 6 33 ft wide by 47 in deep Higher duty is due to steeper 
grades, higher banks, and improved riffles (Art 125), and to use of water under heads of 400 to 
600 ft. 


Punngton comments on Table 113 as follows The high duty of the miner’s inch in the Klondike 
(Ex 11 18) 18 due to well lounded gra\el containing no large stones, heavy sluice grades, and use of 
block riffles Low dutie.s at Nome (Ex 21-27) are due partly to the fact that the gravel is flat and 
rough, partly to use of hydraulic elev.ators, which take 50 to 66% of the available water. Duties 
given are for both giant and elevator water (.-Vrt 126) Iron iiffles are commonest, but have little 
olTect on duty because the slincea are short Dimensions and grades refer to bedrock sluices leading 
to the elevator The figures are based on operators’ statements and comparatively short runs 

Table 114 .shows difficulties of starting large scale hydraulicking, and close relation between costs 
and output Frozen ground makes ditch construction hard, new ditches require constant repairs, 
but these lessen with time 

Table 115, from Wimmler (18S), gives data on sluices and duty of water at Alaskan 
mines active within a few yeais prior to 1927; stated flow of water includes that from all 
sources, ground-sluicing water, in addition to cutting water, being required in all cases 
except at Little, Osborne, and Ophir Creeks, where hydraulic elevators were employed. 
The somewhat lower duties, as compared with Calif and Mont (Table 116), are explained 
by: (a) lower available grades on bed rock; (b) prevalence of flatter pebbles in some dis- 
tricts, and of heavy gravel in others; (c) large amount of ground-sluicing (or elevator) 
water required by above conditions; (b) frozen gravel in some localities. 

Table 116, after Gardner and Johnson (17), gives duty of water in sluices at mines 
operating in western U S in 1932. For riffling of same sluices, see Table 120. 

Cost and operating data. Hydraulicking costs from 4ff per cu yd under very favorable 
conditions in Calif to 25^ or more in Alaska. Unfavorable conditions, as frozen gravel, or 
necessity for elevating tailing or for pumping giant water, may increase cost to 60^ or 
more. Records of cost usually include only operating expenses, omitting capital charges; 
the latter may be very high; thus, a number of Calif mines spent $200 000 to $500 000 in 
preparing for work; the equipment of 1 mine, including 290 miles of ditch and 8 miles of 
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pipe, cost $2 000 000 (409). Following examples (see also Art 126) give costs under 
various conditions. Table 117 relates to 6 hydraulic mines active in 1932 in western U S, 


Table 113. Duty of Miner’s Inch, Alaskan and Yukon Districts 

C. W. Purington, in 1905 (390) 


Ex 

No 

I..ocation 

Height 
of bank, 
ft 

Charac- 
ter of 
material 

Grade, 
in pu 
12 ft 

Miner's 
in of 
water 

Duty, 
cu yd per 
in-day 

Sluices 

Riffles 

Width, 

in 

Depth, 

in 


Juneau: 









1 

Windfall Cr 

16 



1 000 

2 0 




2 

Gold Cr. . . 

200 

A 

: 4 5 

4 000 

2 0 

72 

60 

Bl 

3 

Silver Bow Basin 

80 

A 

! 4 0 

2 500 

2 0 

50 

55 

Bl 


Atlin: 







1 


4 

McKee Cr . 

40 

A 

8 0 

700 

1 5 

32 

32 

Ai + Bl 

5 

“ “ . 

85 

A 

1 8 0 

1 200 

3 0 

32 

40 

Ai + Bl 

6 

Birch Cr . . 

25 

A 

5 25 

1 200 

0 5 

30 

30 

Bl 

7 

i Spruce Cr. . . 

29 

A 

; 5 0 

1 200 

1 0 

40 

36 

Bl 

6 

“ “ . . . 

20 

A 

5 5 

900 

0 5 

48 

32 

Bl 

9 

* Pine Cr 

20 

A 

3 0 

700 

0 6 

36 

36 

R1 

10 

“ 

60 

A 

5 0 

3 500 

0 625 

60 

40 

Bl 


Dawson, Yukon: 









11 

Bonanza Cr 

20 

B 

12 0 

250 

5 0 

24 

20 

Bl 

12 

“ “ . 

25 

C 

12 0 

125 

4 0 (?) 

20 

16 

Sp 

13 

t 4> 44 

25 

B (a) 

11 0 

150 

10 0 

24 

24 

Bl 

14 


35 

B 

12 0 

200 

6 5 

24 

24 

Bl 

15 

44 4 4 

75 

B 

12 0 

266 

8 0 

24 

30 

Bl 

16 

Eldorado Cr. 

60 

B 

11 0 

160 

7 0 

24 (’’) 

24 

Bl + IIu 

17 

Last Chance 

46 

B 

12 0 

230 

7 0 

24 

18 

Pi d- Bl 

18 

“ 

25 

B 

14 0 

120 

5 0 

20 

20 

Pi 

19 j 

Hunker Cr. . . 

15 

B (6) 

13 0 

150 

2 0 

14 

14 

P -f BI 

20 1 

4 4 4 4 

8 

B 

12 0 

125 

2 6 

17 

14 

Pi 


Nome* 



! 






21 

Anvil Cr ... 

30 

D 

4 5 

500 

1 4 

33 

18 

Ai 

22 1 

“ “ . . . 

20 

E 

4 5 

400 

10 0 



Ai 

23 

" “ 

12 


9 0 

100 


16 

14 

Ai 

24 

Glacier Cr . . . 

20 

F 

6 0 

760 

1 32 (,) 

36 

24 

Aig 

25 

Dexter Cr 

40 

G 

6 5 

100 

2 0 C) 

16 

16 

Aig 

26 

Newton Cr . 

8 

H 

7 0 

150 

3 33 

24 

24 

P d- Ai 

27 

Basin Cr 

20 

I 

8 0 

250 

0 6 (d) 

18 

18 

Pi 


Council: 









28 

Ophir Cr 

12 

I 

10 0 

600 

1 5(d) 

24 

16 

Ra 4- Ai 

29 


8 

J 

10 0 

750 

1 0(r) 

24 

16 

Ra 4 Ai 

30 

Solomon River 

5 

K 

10 0 

600 

0 8(/) 

37 

24 

Ajg 


A = heavy stones B = “White Channel’'; small round gravel, frozen C = hillside, small 
gravel, frozen. D - heavy, partly frozen gravel, much flat schist E « frozen earth or muck 
stripping. F = flat, semi-irozen gravel. G = heavy gravel, limestone bedrock II => small 
coastal plain gravel I == heavy gravel J *= slabs and clay K == subangular gravel (n) part 
tailings. (6) very little frozen (c) 66% of the water used by an hydraulic elevator, 36-ft lift. 
(d) hydraulic elevator, 29-ft lift, used 60% of water (e) hydraulic elevator, 28-ft lift, used 66%i of 
water. (/) hydraulic elevator, 12-ft lift, used 50% of water BI = block-nflPles Ai *= angle iron 
R1 = long rails Sp = sawed pole, iron-shod Hu = Hungarian. Pi = pole, iron-shod P «* 
pole. Aig *= angle-iron grates. Ra « rails. 


Table 114. Hydraulic Mining, Yukon Gold Co. Twelve Mile River Water System (408) 


Year 

Period of 
operation, 
days 

Percentage 

of 

possible 

time 

worked 

Water 

supply, 

in-days 

Cu yd 
gravel 

Cost of 
operating 
and ditch 
mainte- 
nance 

Cost per cu 
yd, omitting 
deprec on 
main ditch 

Duty of 
water, 
cu yd per 
in-day 

1910 

1911 



371 206 

482 580 

1 656 020 

2 125 750 

$140 433 

135 710 

20 80f( 

15 50 

4.50 

5 40 

1912 

*168' 

96 8 

524 249 

2 967 750 

76 760 

9 37 1 

5 40 

1913 

150 

93 28 

406 135 

2 875 952 

73 054 

9 70 

6 60 

1914 

168 

96 29 

519 834 

3 241 641 

64 397 

7 60 

6 02 
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Table 116. Duty of Water in Alaskan Sluices (188) 



Sluice box 


Water 

through 

sluice, 

miner's 

in 

Duty, 


Locality 

Width, 

in 

Depth, 

in 

Grade, 
in per 

12 ft 

Type of riflBe 

cu yd 
per in 
per day 

Nature of gravel 

Seward Penin: 








Boulder Cr . . 

30 

30 

4 

Mn-steel grate 

700 

1 00 

Unfrozen, med., much flat 

Big Hurrah Cr. 

36 

18 

5 

Raila . 

900 

1 20 

Do, do. 

Partly frozen, med 

Little Cr 

48 

24 

5-7 

Angles & rails 


1 37 

Osborne Cr 

Ophir Cr 

36 

24 

7 

5 

Blocks & rails 
Blocks & rails 

750 

1 20 
1.25 

Partly frozen, heavy 

Partly frozen, med 

Mt McKinley Dist. 








Moore Cr 

24 

20 

6 

Punched plate over 
matting k longit 
steel-shod 

300 

1 60 

Unfrozen, med-round 

Fairbanks Dist 







I 

Pedro Cr 

36 

30 i 

11 

Blocks . . . 

350 

1 20 

Partly frozen, heavy 

“ “ 

36 

30 

5 

Rails 

400 

0 80 

Partly frozen, med 

Circle Dist* 








Mastodon Cr 

30 

24 

8 

Blocks , ... 

500 

0 70 

Partly frozen, med-round 

Seventy Mile Dist 



i 





Crooked Cr 

30 

24 

8 

Blocks 

460 

1 20 

Partly frozen, light 

Yentna Dist. 1 








Falls Cr 

36 

30 

8 

Longit steel-shod. 

500 

0 90 

Unfrozen, med; bouiden 

Nugget Cr 

28 

24 

7 

Longit steel-shod 

450 

0 80 

Do, do. 

Peters C> . 

30 

24 

6 

Rails 

800 

0 80 

Do, do. 

Kenai Di&t 








Crow Cr 

52 

36 

6 

Rails . . 

2 600 

0 50 

Very coarse; many large 
boulders 

Niaina Dist- 








Dan Vt 

48 

44 

5 

Rails, lon^t 


0 32 

Do, do. 

Chititu Cr 

40 

36 

5 3/4 

Rails, longit 

2 200 

0 42 

Do, do; also heavy 


Table 116. Duty of Water in Sluices at Hydraulic Mines, Western U S in 1932 (17) 


Example 

Location 

Max diam 
of boulders 
to sluice, 
in 

Water 
through 
hluicc, 
n iner's 

in 

Duty, 
cu yd 
per in 
per day 

Box 

width, 

in 

Box 

depth, 

111 

Sluice, 

total 

length, 

ft 

Grade, 
in per 

12 ft 

1 

Wenvojvillc, C'al 

12 

400 

0 5 

36 

24 

96 

9 

2 

Douglas City, Cal 

18 

500 

3 7 

48 

36 

48 

9 

3 

Douglas City, Cal. 

2 

1 200 

0 5 

48 


48 

9 

4 

Junction City, Cal 

18 

460 

4 2 

48 

36 

120 

9 

5 

Wash Camp, Cal , 

18 

1 500 

2 7 

48 

36 

1 700 

6 

6 

Comptonville, Cal 

4 

600 

1 0 

30 

24 

3 500 

2.6 

7 

Helena, C’al 

12 

1 300 

1.0 

48 

40 

168 

12 

8 

Center\nlle, Idaho. 

6 

240 

0 5 

32 

24 

72 

9 

9 

Centerville, Idaho 

7 

400 

0 4 

30 


96 

9 

10 

Enugiant, Mont 

12 

600 

0 5 

23 

24 

500 

4 

n 

Virginia City, Mont 

6 

85 

1 4 ! 

14 5 

18 

180 

5 

12 

Gold Creek, ^lont 

10 

600 

2 0 

22 

24 

120 

9 

13 

Gold Creek, Mont . 

8 

150 

4 0 

22 

24 

120 

9 

14 

Sheridan, Mont. . 

20 

2 800 

0 1 

44 

40 

1 900 

3 5 

15 

Superior, Mont 

8 

180 

1 3 

24 

18 

240 

7 

16 

Townsend, Mont 

10 

900 

0 6 

32 

36 

2 700 

4 

17 

York, Mont. . . . 

8 

350 

1 4 

30 

36 

400 

3 

18 

Baker, Greg 

6 

150 

2 6 

26 

20 

180 

15 

19 

Leland, Greg . . . 

0 75 

900 

0 7 

48 


32 

5 25 

20 

G’Brien, Oreg. . 

8 

650 

0 9 

32 


304 

4 5 

21 

Galice, Greg 

5 

300 

1 0 

30 


95 

9 


Salyer mine, Trinity county, Cal. Data from Gardner and Johnson (17) in 1934. 
Deposit of “blue” gravel about 40 ft thick, tight, containing many boulders, capped by 
clay, and covered by 60 ft of loose gravels and clays. W ater system, with 6 000-in capac, in- 
cluded ditches, flumes, and siphons, but no reservoirs, and cost $300 000. Pit was supplied 
at 360-ft head through 2 16-in pipes with combined capac of 2 800 miner’s in. Two giants, 
with noazles of 8 to 6 in, according to available water, gave duty of 4.33 cu yd per in-day. 
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Sltiicing required min of 1 500 miner’s in. Sluice was 6 ft wide, 350 ft long, dropping 8 in 
per 12-ft box; wood-block riffles 18 in square, 12 in high, wore rapidly and were to be 
replaced by steel rails. About half the water and most of the sand passed to under- 
currents, which caught about 10% of the yield. Mercury was used in sluice and under- 
currents. Boulders in pit were handled by crane on a tractor. Aver crew at mine, 
15 men. In 97-day season of 1932, 718 900 cu yd was moved at direct cost of 2.63^ per 
yd, incl deprec of mine equipment, but excl depletion, administration, and deprec of water 
system and other permanent installations. Additional data in Col IV, Table 117. 


Table 117. Data on on Western U S Hydraulic Mines Active in 1932 (17) 



I 

II 

III 

IV 

V 

VI 

Aver depth gravel, ft 

9 

45 

65 

100 

12 

14 

Character of gravel 

med 

tight 

med, cement 

med to easy 

med 

easy 

Boulders over 12", % 

8 

8 

5 


2 

5 

Bedrock, kind 

cement 

schist 





" surface 

smooth 

uneven 

uneven 


even 


Gold, siae . . 



coarse 

fine 



Giant water, miner’s in 

1 200 

1 300 

1 300 

2 800 

(a) 900 

60 

Bank “ “ 

0 

200 

0 

0 

0 

290 

Total water 

I 200 

1 500 

1 300 

2 800 

900 

350 

Ditches or flumes, imlcs 

if) 2 5 

(d) 8 & 16 

(/)8& 12 



(b) 

Pipe lines, diam, m 

24-15 

30-15 

24-15 

2 ^0, 16" 

36-16 

12 

“ " length, ft 

3000 

1 800 

I 500 


5000 

500 

Head at giants, ft 

300 

210 

400 

350 

300 

100 

No of giants used 

(c)3 

2 

2 

2 

2 

I 

Noazle diam, m 

3&5 

6 

5&7 

5-8 

4 5&5 

i 5 & 1 25 

Elevator 

Ruble, 25' 

none 

none 

none 

Ruble, 14' 

none 

Boulders handled by 

blasting 

blasting 

blasting 

crane 

tractor 

land 

hand 

Duty of water (c) 

0 5 

2 7 

1 0 

4 3 

0 7 

1 4 

Sluice, total length, ft 

48 

1 700 

168 

350 

32 

400 

“ size and grade, 




60" X 50" 



Table 116 

Ex 3 

Ex 5 

Ex 7 

6 2<'; 

Ex 19 

Ex 17 

RiflSes, Table 120 

Ex 3 

Fx5 

Ex 7 

wood blocks 

Ex 19 

Ex 17 

Undercurrents, area 

none 

none 

12' X 20' 

1 944 sq ft 

none 

12' X 36' 

Washed per day, cu yd 

540 

1 700 

900 

7 400 

667 

500 

Shifts per day . 

3 

KglOhr 

2 (d 9 hr 


2Cof 12 hr 

3 

Men in pit, per day . 

21 

6 

4 

15 

6 

12 

Wages per shift 

Operating cost, i per cu yd. 

$3 75 

$4 00 

$4 00 

$4 00 

$5 00 

$3 50 

Labor 

13 5 

2 

3 0 


4 5 

9 

Supervision . . 

2 0 





3 

Supplies 

3 5 

2 

_ 1 5 


1 5 

(0 17 

Total 

19 6 “ 

G) 4 

Vs 

vr~2V3 

6~0 

29 


I — Redding Cr, Douglas Citj^ Cal II — Omega Hill, Washington Camp, Cal, data for 1931. 
Ill — North Fork, Helena, Cal IV — Salyer, Cal V — Browning property, Leland, Grog \I — 
Eldorado Bar, York, Mont (a) Incl giant at Ruble elevator (6) Water pumped 120 ft vert, 
and booster pump to give head of 100 ft (c) Of which, 1 cutting and driving, 1 at Ruble elevator. 
1 (3-in) used periodically for tailings disposal, only 2 giants used at a time (ti) Ditch (e) Cu yd 
gravel per day per miner’s inch of water. (/) Flume, (g) Excl supervision and ditch repairs. 
(h) Excl general administration, (t) Power, 15 f. 

Omega Hill mine, Washington Camp, Cal. Data from Gardner and Johnson (17) in 
1934. Ancient river gravel, 30-60 ft deep (lower 0-8 ft cemented) lying under 10-20 ft 
of volcanic ash. Water supply through 2 ditches: one 16 miles long, with numerous 
flume sections 6 ft wide; other 8 miles long; both delivered to reservoir 210 ft above pit. 
Two 6-in, or three 6-in giants were used. Sluice, 48 in wide, lay in bedrock cut and 
extended 1 700 ft outside, to gulch where tailings dam could bo located. At end of sluice, 
a grizzly with 1-in spacing separated coarse gravel (used for making dam) from undersize, 
which was delivered behind the dam by another sluice. Previously prepared culvert in 
bottom of gulch assisted drainage of clean water from the tailings pond. When one pond 
was full, another dam was made farther down the gulch. Additional data in Col II, 
Table 117. 

Eldorado Bar, York, Mont. Example of placering with pumped water from Gardner 
and Johnson (17); data refer to operations in 1931. Centrif pump driven by 260-hp 
motor lifted 4 000 gal per min (366 miner’s in) 120 ft vert to head of the bar; suction pipe, 
14-in; delivery pipe (500 ft long), 12-in diam. Booster pump at top, with 60-hp motor, 
developed press of 40 lb per sq in, and delivered about 60 miner’s in through 6-in fire hose 
to 1.2^ or 1.5-in nozzle for cutting, or (through same hose) to 1.5- or 2-in nozzle for sweep- 
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ing; remainder of water pumped was used for bank water. The gravel worked easily; 
boulders moved by hand. For details of sluice, see Ex 17, Tables 116, 120; other data in 
Col VI, Table 117. Crew of 4 men on each of 3 shifts worked 500 cu yd per day. Power 
cost 0.9^ per kw-hr, plus $1 per mo per hp of connected load, totaling about $75 per day. 

Gold Hill mine, Idaho City, Idaho. Data from O. H. Metzger (428) in 1938. A 
bench deposit consisting of 4 beds of tight gravel alternating with hard clay, and including 
a bed of soft sandstone, vanes in thickness from 25-50 ft at upper end of workings to 
150 ft at lower end, the 2 areas, though contiguous, are worked practically independently, 
each with its own sluice and group of 3 giants, piping in one while clay and boulders are 
being removed from the other; little work is done where dei>osit is less than 35-45 ft thick. 
Bedrock is clay, sloping 8-15% towards Elk Cr. Water comes from 2 sources: from 
Moore’s Cr (rights to 2 700 in) through 8 miles of ditch and 2 40-in siphons each more than 
0.5 mile long, and from Elk Cr (rights to 2 300 in) through 10-mile ditch; flows unite at 
penstock 5 000 ft from and 225-325 ft above workings. Two 20-m pipes convey to header 
within 1 000 ft of workings; thence 3 18-in pipes run to valves distributing to 6 giants 
through 15-in pipes. Normal consumption (of 3 giants at a time), 3 000 miner’s in (con- 
siderably reduced toward end of season); approx aver duty, 1.5-1.75 cu yd per in-day. 
Giants have 4- or 5-in nozzles; press, 90-110 lb per sq. in. Sluice boxes are 3 ft 7 in 
wide, inside of liners; drop per 12-ft box, 8 in for the longer, and 6 m for the shorter 
sluice. Riffles are 4 by 6-in crosspieces, spaced 2-3 ft, and covered with longit 30-lb rails, 
heads up. Hg is added at 3-5 oz r>er day to first 3 boxes. Boulders are cleared from ends 
of sluices by 1-yd, gasolene-driven dragline, which also builds tailings dam, working 

3 shifts on the 2 jobs. Boulders in pit are dulled by jackhammer connected to portable 
compressor. Three-shift operation (.lune, 1937) requiied 34 men, total wages, $154.25. 
In 1937 season of about 70 days, 200 000 cu yd through sluices yielded 900 fine oz, or 
15.75^ per yd. 

Salmon Cr, Baker, Ore. Data from Gardner and Johnson (17) in 1934. Unusual 
feature was use of 0.5-cu yd, gasolene-powered shovel for handling boulders, water supply 
being inadequate to move them and to loosen profitable yardage of gravel at same time. 
When not occupied with bouldei.s, the .shovel aided m loosening clay-bound gravel. Cut- 
ting was done by No 2 giant with 2 25-m nozzle under 150-ft head, using 90 miner’s in; 
an additional 00 in of water came over the bank, about 25 ft high. Bottom 1 ft of gravel, 
containing most of the gold, was left on l>edrock, and washed separately at end of a month’s 
run. For data on sluices and riffles, see Ex 18, Tables 116, 120. Crew on each of 2 8-hr 
shifts: 1 piper, 1 shovel operator, 2 sluice tenders; foreman on day shift. Ga.solene for 
shovel, 12.5 gal per shift. Est cost 130 cu yd per shift), 20^ per yd, plus shovel rental, 
interest, and amortization of plant. 

Alaska. Data from N. L. Wimmler (188) in 1927. General. Most hydraulic mining 
areas in Alaska (except in southern dist and upper Yukon basin) are characterized by: 
(a) Relatively .shallow (max, 25 ft) deposits, of both stream and bench types, latter usually 
only slightly alxive streams, {b) Pay streaks close to bedrock, (c) Cemented gravel rare; 
frozen gravel and overburden fairly common, (d) Aver stream grades, 25-150 ft per 
mile, or less than the 6 in per 12 ft desirable for economical sluicing, (e) Water adequate 
for economical mining obtainable only at high cost for ditches, (f) AVater supply erratic, 
and usually under low head; reservoir sites of large capac are scarce, (g) Working season 
of only 90 T20 days; as short as 30 days m some localities deficient in water. These con- 
ditions affect mining methods m following ways: (1) Use of much of available water for 
giound-sluicing or bank water, in some places, water thus used may be 3 times the vol 
of that for the giants. (2) Necessity for frequent moves may lose 40-60% of time available 
for hydraulicking; loss still greater if only 1 shift is worked. (3) Intermittent operation, 
ponding accumulation of useful vol of water. (4) Frequent necessity for elevating gravel 
or tailing. (5) CJccasional adoption of “piping over the side” of sluice boxes depressed 
in a bedrock out (see Dan Cr, below) unusual elsewhere. (6) Operations are relatively 
small-scale, employing 2-8 men; often, with 50-500 miner’s in of water under 35-200 ft 
head, .season’s work will be 2 000-30 000 cu yd; a few larger mines, with 500-2 500 in of 
water under 100-300 ft head, may move 30 000-100 000 cu yd; max, 1 000 cu yd per day. 
Examples (opeiating in 1924) follow. 

Falls Cr, Yentna dist. Creek deposit of unfrozen, round gravel, aver 8 ft deep, with 10-15% 
of boulders up to 3-ft diam. Bedrock is clay, shale, and sandstone, easily cleaned. Total water, 
inol ground-sluice, 300-700 in. Usual pit, 80 ft wide, 125 ft long. Sluice, 36 in wide, 42-54 ft long, 
on 8-m per 12 ft grade, with steel-shod, 2 by 4-in riffles, set lengthwise. Tw'o giants, 3-in nozzles and 
100-ft head, stood on top of bank and alternated in washing gravel from one side of pit to top of 
sluice, while other side was being cleared of boulders Tailings required a stacker giant. Crew of 

4 men on each of 2 10-hr shifts, at time of max water, could clean about 1 000 sq ft in 2 shifts, or 
finish an aver pit in 8-9 days. Setup for new pit took 1 day. 
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Crow Cr, Gird wood dist. Creek deposit of unfrozen gravel 0—25 (aver 12 ft) deep, with 50% of 
boulders over 6-in diam, many of them large. Bedrock, tough day, readily cleaned. Total water, 
incl stacker giant, 2 600 m, of which 1 000-1 400 in was ground-sluice water. Two parallel and 
adjoining pits, each 100-150 ft wide and 400-450 ft long, were worked alternately but in step, piping 
in one while clearing boulders from other. Each pit had its own sluice, 5 ft wide, 8—10 boxes long, 
at 6 in per 12 ft grade; first 2 boxes had transverse riffles of 40-lb rail; others, longit 25-lb rails. A 
No 7 giant with 6-in nozzle stood at top of bank on center line of each pit, piping to head of sluice; 
when reach exceeded effio distance, a smaller booster giant on bedrock at one side of pit assisted 
sluicing. Upon completing both pits, bank between them was washed in and bedrock cleaned by 
giants. One stacker giant, No 7 with 5-in nozzle, at 170-ft head, served both sluices. Boulders were 
drilled and blasted, and put through sluice. With crew of 12-18 men, 66 000 cu yd was mined in 
1923 at 43jl per cu yd. 



“Piping over Side,” Dan Cr, Alaska (188) 


a — Tailing stacker. h — Tailing pile. c — Sluice in old pit. 
c'-— Sluice in new pit. d — Wing dams e — Old pit / — New 
ground g — New bedrock ditch. h — Giants, j — Entrance for 
ground-slmce water. 


Dan Cr, Nizina dist. Deposit 6-18 ft deep, of rounded gravel containing up to 75% 
of boulders over 8-in diam, some reaching 5-10 ft. Bedrock, slate of variable hardness, 
cut by occasional porphyry dikes causing irregularities. Gold, flat and 40-60% of it 
coarser than 0.25 in. Deposit worked in a chain of consecutive pits, each 500-700 ft long 
by 175-300 ft wide, progressmg up-stream by steps, although working face of each pit 

retreated downstream. As- 

j f ”Ncw pit 

- — — 


Burning a completed pit, as 
at e, Fig 821, first step 
was to install a line usually 
of 15-20 (never fewer than 
8) boxes, 48 in wide and 
riffled longitudinally with 
20-lb rail, in the old bed- 
rock ditch c, and erect a pair 
of short wing dams d at top 
of upper box. As early m 
the Spring as water was 
available, a central ditch g, 
the full length of proposed next adjoining pit, was cut through gra\'el and 5-6 ft into bed- 
rock, using a giant with 4-in nozzle, smoothing the bottom (al^ut 6 ft wide) with picks, 
to avoid fracturing. Max grade obtainable was 5-5.5 in per 12 ft, sometimes as flat as 
3.5 in. Boxes, 48 in wide, 46.5 m deep (inside), riffled lengthwise with 20-lb rail, were 
then laid on bottom of entire ditch, connecting with the boxes in old pit at d. Ground- 
sluice water, about twice the vol delivered by a giant, was then turned into the sluice at;. 
After an initial cut to bedrock across the head of the new pit, 2 No 4 giants with 5-in 
nozzles and 275-ft head were set on bedrock, one on each side of the sluice and well out 
towards edge of pit, as at h. The 2 sides were then worked alternately, washing a slice 
35-50 ft wide over the side of the depressed sluice on one side, while boulders were being 
handled on the other. On completing a slice, the giant was moved downstream a cor- 
responding distance; process was repeated until the blocks / had been removed, along with 
1-2 ft of bedrock. Taihngs were stacked continuously by No 4 giant with 4-in nozzle 
under 310-ft head. Clean-up, usually not until after finishing a pit, involved removing 
first the sideboards and later the bottoms of the boxes and washing out gravel lodged 
between them and the walls and bottom of the cut. In 1923, an exceptionally favoiable 
year, 2 pits were completed. 


respectively 528 by 165 ft, and 
480 by 170 ft; latter, averaging 
only 6 ft deep, took 9 days for 
eet-up, 17.5 days for hydraulick- 
ing, and 10 days for clean-up. 
For the 2 pits, time required 
was: 22 days for set-up, 42 
days (of 24 hr) hydraulicking, 
26 IQ-hr shifts for clean-up. 
Total cost, $34 124. 



Stacker 

giant 


poulders \ 

•.* “I-” u 


nC?y- 


TaiUaga 





lock 

Sec A-A, Larger Scale 

“ Piping over Side ” on Chititu Cr, Alaska (188) 


Chititu Cr, Nizina dist. Stream 
deposit of coarse gravel 140-150 ft 
wide, 10-11 ft deep; bedrock, Fig 822. 
medium-soft slate. Method in 
1923-24 resembled that on Dan Cr, except that working face advanced upstream, as m Fig 822. 
Bottom of bedrock sluice, at grade of 5.5-6 in per 12 ft, was formed of 20-lb lail, hud longitud- 
inally at 4-in centers, and spiked to crossties laid on slate bottom; only the sides of sluice, 3 by 3 
ft, were boarded. Opposite sides of pit were worked alternately by giants at h; the small triangular 
block n was left till last, to protect men working at boulders on other side. Bouldeis weie piled on 
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clean bedrock by donkey engine and steel stoneboat. In 1923, one such pit, 460 ft long, 140 ft 
wide, 11 ft deep, yielded 23 323 cu yd in 44 20-hr days; cost of labor only, 21^ per yd; in 1924, total 
operating cost was 51 yi per cu yd. 


124. SLUICES 


Construction. Sluices are in sections, usually 12 ft long; each section is called a 
SLUICE BOX. Fig 823 shows typical box for shovelmg-in and other small wobk (Art 121). 
Sides and bottom are l>in by 12, 14 or 16-in boards, rough or planed on one side; the 
bottom is 2 in narrower at one end that at the other, so that adjoining boxes will telescope 
a few inches into each other. Sluices may rest on bedrock, or be set in ditches, or bo 
elevated. They are braced laterally by struts B, On the side opposite each shoveler is 
a board *S, against which the gravel is thrown, instead of being shoveled carefully into the 
sluice; this increases the duty of labor and prevents spilling. A collar placed at the 



junction of each 2 boxes (Fig 824) eliminates braces C, Fig 823, which obstruct top of 
sluice and interfere slightly with cleaning-up. Small sluices may be made with flush 
joints, like a flume (Sec 38) ; some operators say this reduces clogs, but the telescoping box 
is nio.st used because it is easily erected and moved (414). These sluices have a short life, 
but are cheap and well suited to small work. Worn-out boxes should be burned and the 

ashes rocked or sluiced to recover gold from cracks 
and joint-s. 

Fig 825 shows large sluices for hydrauUck- 
ing; details vary widely (Table 118); 4 by 4-in 
sills suffice for sluices up to 4 ft wide; 4 by 6-in 
sills and 4 by 4 or 4 by 6 posts for wider ones. Sills 
are 3-4 ft apart; every 3rd or 4th post is supported 
by angle braces. Posts are dapped into sills, or 
fastened with cleats, or toe-nail^ (Fig 825) . Lum- 
ber need not be surfaced, but for sides and bottom 





Fig 826. 


Tightener for Bottom Boards 
Punngton) 


(after 


should be free from knots. To prevent loss of Hg and amalgam, bottom joints are 
made tight with tongue and groove lumber, splines, or outside battens; close fitting 
alone is often relied upon. Fig 826 shows a useful device for tightening bottom boards 
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before spiking (390). Sills must have solid foundation to prevent settlement. As bottom 
of a new sluice may rise by water collecting under it, ends of sills should be weighted 
down (391, 406). Following data, referring to Table 118, while old, give elements of 
cost, which can be adjusted to present costs of labor and supplies. 


Table 118. Details of Sluices for Hydraulicking 


Example 

No 

Width, in 

Depth, in 

Dimensions of 

Thickness of 

Sills 

Posts 

Bottom, in 

I 

Sides, m 

1 

24 


4" X 6" 

A" X 6" 

1 5 

1 25 

2 

24 

20 

2" X 2" 

2" X 2" 

2 0 

I 5 

3 

29 

38 5 

A" X 6" X 6' 

4" X A" X 3' A" 

1 5 

1 0 

4 

48 

38 

6" X 6" X 5' 

6" X 6" X 5' 

2 0 

2 0 

5 

72 

32 

4" X 6" X 8' 

4" X 6" X y 2" 

2 0 

I 5 

6 

69 

32 

A" X 6" X 7' 

4" X 6" X y 2” 

1 5 

1 5 

7 

48 

32 

4" X 6" X 7' 

A" X 4" X y 2 " 

1 5 

1 5 

8 

54 

54 

4" X 6" 

4" X 4" 

I 5 

I 5 

9 

60 

54 

See note below ' 

1 5 

1 5 

10 

32 

24 

1 3" X A" 

1 3" X 4" 

I 5 

1 5 


Ex No 1. Boulder Cr, Atlin, B C (390) Heavy gravel, 400 miner’s in of water, duty, 1 cu yd 
per in-day. Block riffles used at head of sluice, followed by rails Sawed lumber, $40 per M; 
difficult to obtain locally boards wider than 8 in Sluice 1 400 ft long, cost, $0 000 Wages, $3 per 
10-hr shift and board. 

Ex No 2. “White Channel” bench gravels, Klondike (390). 250 miner’s in of water washed 

1 000 cu yd per 24 hr 12 to 14 sluice boxes usually constitute a string Spruce block riffles, 5 in 
high and 9 in sq are used; cost each and last 1 season 

Ex No 3 McKee Cr, Atlin, B C (390) 2 sluices, 600 and 700 ft long Top rail, 1 5 by 8 in by 

12 ft; post straps, 1 25 by 2 by 14 in, side lining boards, 1 5 by 8 in by 12 ft. Blocks 8 by 8 by 12 
in are used for riffles; riffle strips, 1 by 3 by 28 in, braces, 1 5 by 4 in by 1 ft Each box, with riffles, 
etc, contains about 540 bd ft of lumber and costs about $25, sluice lumber, $45 per M, riffle blocks, 
$6 per box-length. 

Ex No 4 Silver Bow Basin, Alaska (390) Sluice is in a 9 by 10-ft tunnel, 3 300 ft long, 2 500 
miner’s in wash 5 000 cu yd gravel per 24 hr All surfaced lumber Riffles are 12 by 12 by 12-in 
spruce blocks, separated by 17/g by 2-in riffle strips Lining boards, l-in native lumber, b.acos, 

1 by 8 m Each box contains about 1 100 bd ft of lumber and 25 lb of nails, total cost per box, $30, 
of which $10 IS for labor. Annual maintenance cost, including renewal of riffle blocks (life 2 yr) and 
lining boards, $1 000. 

Ex No 5 North Bloomfield tunnel sluice, Cal (391) 30d nails used for the bottoms, 20d nails 

for the aides Side lining was of worn blocks, 3 in thick and 18 to 20 in deep Braces, 2 by 4 in by 

2 ft. Block riffles, 20 5 in sq and 13 in deep, riffle strips, 1.25 by 3 in by 5 ft 11.5 in long, aver of 19 
blocks per 12-ft box. A flume for seepage water (/'', Fig 825), 13 in wide, 14 in deep, of 1 5-iii plank, 
was built along one side of sluice. 

Ex No 6 Bedrock Claim, Cal (391). Boxes, 14 ft long Top rails, 2 by 7 in by 14 ft 1 by 

0 5-in tongues were set in grooves between bottom plank.s Side lining compohed of blocks 3 in 
thick by 20 in sq. Braces, 1 5 by 4 in by 2 ft. 27 blocks, 17 in sq by 13 in deep, used as riffles in 

1 box, riffle strips, 1 25 by 3 in by 5 ft. Cost per box, $30 86, as follows 650 bd ft lumber and side 
lining @ $20 per M, $13; 704 bd ft blocks @ $14 per M, $9 86, 20 lb nails (o) 5C $1. labor, $2 to $3 
per day, $7. 

Ex No 7. La Grange mine. Cal; sluice used in 1880 (391) Boxes, 16 ft long, witli 4 by 6 in 
posts at ends Top rails, 1.5 by 8 in by 16 ft, braces, 1 by 6 in by 3 ft, 36 blocks, 14 by 14 by 8 in, 
used in each box, riffle strips, 1 75 by 2 in by 4 ft, side lining, 1 5 by 8-in plank, 16 ft long 420 bd ft 
of lumber required per 16-ft box, exclusive of riffles 15 lb of nails used per box Cost per box, 
$28 34, as follows 420 ft lumber @ $30 per M, $12 60; 36 blocks @ 35f‘ each, $12 60, 15 lb nails 
® 4 1/4^, $0 64; labor @ $1 to $2 .50, $2 50 

Ex No 8 Lorenz mine, Trinity Co, Cal (415) 600 to 700 miner’s in wash .500 cu yd in 10 hr 

Posts, sills, and biaces are bolted together, sills are mounted on skids running full length of box and 
beveled at each end Boxes are moved over bedrock to new positions by teams Block riffles are 
11 in or 18 in sq by 10 in deep; riffle strips, 2 by 2 in. Cost per box, about $20 

Ex No 9 Union Hill mine, Tiimty Co, Cal (415) Sluice is laid in an 8 by .S-ft tunnel, 1 300 ft 
long. Frames aie of 1 5 by 0-m, 1 5 by 4-in, and 4 by 5-in pieces Riffle blocks, 12 in deep and 11 
by 11 in to 18 by 18 in sq. Side liners of 2 by 10 and 2 by 6-in plank last about 3 yr Riffle sticks 

2 by 2 in by 5 ft 500 bd ft of lumber used per box for frames, bottoms and sides , 525 bd ft for blocks. 
Cost per box: lumber, $16; blocks, $9; construction, $10. 

Ex No 10 River Bend mine, Siskiyou Co, Cal (416). Sluice is at head of an hydraulic elevator. 
Frames are 4 ft c-c. 12 in sq blocks used for riffles, also rails and transverse angle-iron riffles. 

Steel sluices arc used chiefly at the head of hydraulic elevators (Art 126). They are tight, 
have low frictional resistance and are easily bolted together; their cost is prohibitive in most districts 
(tail sluices for dredges (Art 127) are an exception). 
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Curves should be avoided if possible; they increase friction and wear, reduce velocity 
of the water, and if shaip cause splashing. Sluices are curved by making small deflections 
at successive joints. Brigham (406) says a 5-in “swing” is the max permissible for a 
12-ft box; for a sharper turn, use 
a 4-in swing on a 6-ft box, or 3.5-in 
on a 4-ft box. Curves should bo 
eased at both ends, and outer edge 
of boxes elevated i/g to ^/s in per 
ft of sluice width. Grade of sluice 
should be steepened at curves; an 
increase of 15% is desirable on 
short turns. Bowie (391) gives 
data on curves, relative to turn-in 
and tuin-out sluices. These work 
well on steep grades, but require 
careful design on flat grades at 
connections with main sluice; 
otherwise gravel collects above or 
below the junction. Fig 827 shows 
a TLRN-IN SLUICE, Carrying 1000- 
1 400 miner’s in, adopted after 
many experiments. Radius of 
curvature, height of drop, width of 
opening at the junction, and grades 
as shown, were all at the limit on 

which the 2 sluices would run uni- Fig 827. Turn-in Sluice at Head of Tunnel. Delaney 
formly without depositing gravel. Claim, Patncksville, Cal (after Bowie) ^ 

'PuRN-oi T SLUICES, generally used 

for “fanning out” a dump, are harder to operate on light grades than turn-in sluices. 

A 4-ft turnout vs as used at T.a Grange at a point where limited dumproom required sharp curves 
and grades were only 2 75-4 in per 16-ft box Oiiginally, the opening at point of divergence was 
14 ft wide, with a 1 5-in drop between main and turn-out sluices, and the latter was swung 4 in per 
16-ft box, it worked satisfactorily On increasing the swing to 5 in, the boxes adjacent to the junc- 
tion choked, and the discharge had to be widened to 24 ft It was found here that, in a 200-ft swing 
on a 2% grade, the greatest possible swing per 16-ft box was 8 in for a 4-ft sluice, but the curve could 
be increased in proportion to the grade. At the turn-in and turn-out a board must be placed 
diagonally across main sluice, to concentrate discharge and prevent formation of bars. 

Duplicate sluices are sometimes installed to avoid delays; one is cleaned-up while the 
the other is running, both u.sually empty into one tail sluice. In sluicing tin-bearing 
gravels, there may be enough concentrate to fill the riffles in a short time and require 
frequent clean-ups, in such cases, duplicate sluices allow continuous operation. 

Bulkheads. Head end of a sluice for hydraulicking is usualb'' flared out by building 
diverging bulkheads (wing dams) on each side; these aid in collecting gravel and water 
as they flow back from the face, and assist piping in fallen gravel. 

H. L Mead, in 1913, stated that the sluice mouth at La Grange, Cal, is 6 ft wide and 18 ft high; a 
heavy bulkhead of this height is built out from both sides The giants generally work in pairs, first cut- 

ting down the bank and then swinging, following the 
fallen gravel toward the sluice and adding water to it; 
very heavy material may thus be washed into the sluice! 
The high bulkhead and high sides of sluice near its head 
allow gravel to build up and increase the grade, this, 
with the above method of washing, starts material 
down the sluice with a high veloc and increases its capao 
(395) 

Mud box (Fig 828) has been used on small sluices 
in Alaska as a puddling or dump box; usually set at 
the sluice head, m late years it has become less com- 
mon In it, sticky clay and mud are broken up and 
large stones forked out, it may be installed for the 
latter purpose alone m shoveling-in, if sluice is too 
narrow to use a sluice fork effectively. Mud boxes 
kave an apron 8 or 10 ft square at one side of the box. 
Fig 828. Mud Box or Dump Box on aslope of 36 to 50°; gravel from cableway or derrick 
(after Purington) buckets, or from skips and power scrapers (Art 122), is 

dumped on the apron and slides into the box. Mud 
boxes are set on steeper grades (10 to 12 in per 12 ft) than sluices; they are paved with pole, block, 
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or rail riffles, and collect much of the coarse gold. For sluices 12 to 16 in wide they vary in length 
from 16 to 24 ft and in width from 30 to 48 in. 

Grade of sluices is usually expressed in terms of the fall in inches per box; if length of 
box is not given, it is understood to be 12 ft. Thus, a 5-in grade means a slope of 5 in 
per 12 ft. Grades should be uniform; flat sections control the capac of the whole sluice; 
riffles and linings in steep parts wear faster than others and the flow must be stopped for 
replacing them. For aver conditions, 6 to 7-in grades are satisfactory. If natural fall is 
not steep, grades as flat as 2.5 or 3 in per 12-ft box have been used for light gravel and 
earth. Flat grades reduce the duty of water (Art 123), limit max size of stones that can 
be sent through the sluice, and hence increase labor cost for handling boulders. Lack of 
grade may be compensated by increasing the amount of water. Grades over 13-14 in per 
12 ft are rare, as higher veloc of flow cariies away all but very coarse gold. 

At Forest Hill, Cal, some sluices worked on grades of 10 to 24 in per 12 ft Water was scarce and 
large stones had to be sluiced (391). See Table 112 Where the fall is unlimited, sluice grades 
depend largely on the kind of gravel, steep grades are required by coarse, flat, sub-angular, or 
cemented gravel, and when much clay is present In general, grades may be flatter, and a larger 
duty IS obtained with a given grade and vol of water, when sluicing a mixture of large and small 
gravel. In rolling or sliding along, stones stir up lines and keep them in suspension. 

Length of sluices should be sufficient to disintegrate the gravel and free the gold. For 
loose gravel this is accomplished in 100-300 ft. Crude shoveling-in opeiations iii Alaska 
often use only 3-6 boxes; lengths 36-72 ft (390). No attempt is made to save very fine 
gold. Drops (vertical falls) may be installed (where topography allows) to break up 
cemented gravels and lessen sluice length. General practice is to lengthen a sluice so 
long as the yield from lower boxes exceeds cost of installing and operating them. Veloc 
of flow largely determines the minimum size of colois caught by riffles; hence, a greater 
length than needed to disintegrate the gravel is useless. Short sluices with drops and 
undercurrents (Art 125) are often more effic gold-savers than long sluices without them. 
Very long sluices may lie needed to transport gravel to dumps; their lower parts aie called 
TAIL-SLUICES. For examples see Tables 116, 117, 118 (notes), and under Cost and oper- 
ating data. Art 123. 

Cross-section of sluices is proportioned to amounts of water and gravel and to veloc of 
flow, which in turn depends on grade. For minimum first cost and wetted iienmetcr 
(hence for minimum frictional resistance and max discharge for a given cross-sec) the sluice 
width should be about twice the depth of stream, as in flumes (Sec 38, Art 15) ; it may be 
impossible to retain this ratio in laige sluices. Depth of w ater should suffice to submerge 
the largest stones. Width of sluice is adjusted to depth and grade, for the required capac. 
Fine gravel containing fine gold should have very shallow, wide sluices, on steep grades 
(see Undercurrents, Art 125). The tendency for riffles to pack increases with depth of 
stream, which is usually 6-12 in. 

W. A. Newman (618) gives accompanying data on aver 
Calif practice in medium gravel that could be washed at 
rate of 3 cu yd per miner’s in pei day; giade, 5~7 in per 
12 ft; widths are inside of side boards, before inseiting 
liners. To reduce first cost, and facilitate cleaning out 
and replacing riffles, the height of sides of a sluice should 
not exceed 1.3 to 1.5 times the depth of stream. For 
sluices in deep cuts in firm ground, sides maj' be low'cr 
than for those on or above the surface. If surface sluices 
clog and overflow , much of the gravel in them alxive point 
of overflow must be shoveled out (406). 

Water required. Data given under Duty of water in hydraulicking. Art 123 are 
unsatisfactory, as the cutting capac of giant water may be greater or less than its sluicing 
capac, depending on character of gravel, grade and riffling of sluice, etc. Data m Tables 
115, 116, 117 refer to duty of total water entering a hydraulic-mine sluice. 

The water used in a small sluice for shoveling-in (Fig 823) is known as a “sluice-head,” irrespec- 
tive of its quantity; it vanes from 30 to 60 (occasionally as much as 100) niiner’s in for sluices 10 to 
14 in wide set on grades of 6-8 in per 12-ft box. In British colonies this term means a flow of 1 
cu ft of water per sec (394). 

Calculations of sluice grades, cross-sec, veloc of flow, etc, can not be made accurately, because the 
complex relationships between the factors are not wholly known, and few experiments have been 
made to determine the necessary empirical constants. Most authorities suggest some modification 
of Chasy’s formula, Beo 38, as a basis. For examples see Bib (394, 388, 417). 


Miner’s inches 
of water 

Width, in 

206-300 

24 

400 

30 

600 

36 

1 000 

40 

1 500-2 000 

48 

3 000 

60 




BIFFLES, UNDEBCURRENTS, CfOLD-SAVING DEVICES 10-565 


The author’s calculations of n in Kutter’s 
formula (Sec 38), for a few sluices where all neces- 
sary data are available, show values from 0 027 to 
0.04. Calculations should be checked against 
actual operations under similar conditions; Tables 
in Art 123, 124 are helpful. Geike gives the accom- 
panying data on veloc of streams required to move 
materials of different sizes (418). Somewhat 
smaller velocities suffice for sluices. 



15 

Begins to wear away fine day 

^ a 

30 

Just lifts fine sand 


40 

Carries sand as coarse as linseed 


60 

Moves fine gravel 

> a 1 

120 

Moves pebbles of 1 in diam 

1 

180 

" “ of egg size 


Table 119. Capacity of Sluices 


Sluice 

Grade 
per 12-ft 
box, in 

Miner’s in of 
water 

Bib 

No 

Width, 

m 

Height of 
side, in 

10 to 12 

(a) 

6 

30 

(286) 

1 2 to 14 

(6) 

9 

67 

(286) 

72 

36 

6 to 7 

2 000 to 3 500 

(391) 

48 

30 

3 

800 to 1 500 

(391) 

48 

30 

6 

2 000 

(391) 

36 

30 

2.25 

600 to 1 000 

(391) 

36 

(c) 


200 to 600 

(406) 

48 



400 to 1 200 

(406) 

60 



1 000 to 2 500 

(406) 

72 



2 000 to 4 000 

(406) 

96 



3 000 to 5 000 

(406) 

120 



4 000 to 7 000 

(406) 


Van Wagenen (417) states that a 
veloc of 200 it per min is necessary to 
move pebbles the size of an egg, 320 ft 
for stones of 3 to 4 in diam, 400 ft for 
boulders of 6 to 8 in diam, 600 ft for 
boulders 12 to 18 in diam. G. K. 
Gilbert’s experiments on stream and 
flume traction are also suggestive. 
Bib (419). 


(a) Depth of flow, 6 to 7 in (6) Depth of flow, 10 in. (c) Height of side, in this and following 
examples, is 0 5 to 0 75 width of sluice; depth of flow, 0.33 to 0 5 of clear inside depth of sluice. 
Duty of water (Art 123) must be known or assumed in desigmng a slmce for a given amount of gravel. 


Conversion factors for sluice calculations: Inches of fall per 12-ft box X 0.694 = % 
grade; inches per 16-ft box X 0.521 « % grade; fall in ft per mile X 0.027 « fall per 
12-ft box, in; miner’s in of water X 0.025 = cu ft per sec; cu yd of gravel per 24 hr 
X 0.000312 =* cu ft of gravel per sec. If Z> *» duty of 1 miner’s in, in cu yd of gravel 
washed per 24 hr, and the flow of water and gravel is uniform, then 80 -s- i> » ratio 
between cu ft of water per sec and cu ft of gravel per sec. 


126. RIFFLES, UNDERCURRENTS, AND OTHER 
GOLD-SAVING DEVICES 

Riffles have 3 chief functions* (a) to retard material moving over them and give it a 
chance to settle; (5) to form pockets to retain gold which settles into them; (c) to form 
eddies which roughly classify the material in the rififle spaces. Their exact operation is 
not well understood. Strength and shape of eddies (the “ boil” of the rifl3e) is affected by 
shape and spacing of riffles, their position with respect to direction of flow, and the veloc 
of curient. The boil must be strong enough to prevent riffles from filling with heavy sand 
(packing), and not too strong to prevent lodgment of gold. 

Features of design of riffles, especially for large-scale hydraulicking, are stated by Bouery (420) as 
follows (a) They should oppose minimum resistance to flow, in order to get high duty from the 
w'ater (5) They should resist wear, to reduce cost of replacing and maintaining them, and to preserve 
their gold-saving capacity. Effect of w^ear on gold-saving should be considered in design and choice of 
material, (r) They should be sufficient in number to save all the gold commercially recoverable. 
The ultimate economy of a high-cost material, as manganese or nickel steel, compared with cheaper 
structural steel, may be determined thus* Let A and X represent maker’s cost of 2 materials a and 5, 
and B the cost of transport for either. Assume that the life of the cheaper material (o) is 1 year, that 
of the high-priced material (6) is N years. For equal costs at the end of years. A" -f 
OT X ^ N (A B) B, If this equahty exists, or if X is greater than N (A B) — JS, there is no 
economy in purchasing high-grade material. If -Y is less than N {A + B) — the economy of high- 
grade material increases approx with N. Good material saves indirectly also, by reducing unit cost 
of labor and interruptions due to replacing worn riffles (420). 

Riffles for small sluices. Fig 829 shows forms commonly used for shoveling-in 
(Art 121). The pole riffle (a) is a favorite in Alaska for coarse gold; (h) is the same form 
mido of sawed lumber; (c) transverse (or “Hungarian”) riffle offers greater frictional 
resistance, clogs more easily, and costs more than (a), but is a better saver of fine gold. 
In a string of boxes, both typos are commonly used. Small riffles are fastened by nails 
driven into them through sides of sluice; as the nails are not driven home, they are easily 
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pulled when riffles are removed for clean-ups. Wedges may be used instead of nails, but are 
troublesome. 

Riffles for hydraulicking are of many kinds; their importance demands description in 
detail. In recent practice, the usual types are steel-shod Hungarian and longit riffles. 

Cobble or rock riffles (Fig 830) are cheap and resist wear well if of hard rock; their 
life averages about 6 times that of wood blocks (406). As the surface is rough, they 
require steeper grades than other riffles. They are well adapted to tail sluices which are 
cleaned up infrequently, as they are difficult to take up and relay. 

Block riffles (Fig 831), where timber is cheap, are often the moat economical form 
for the upper parts of sluices, as they are quickly taken up and replaced. They make 



.1 ’0fEi'a||Wino^- 

B B B B is B B * 

1 


(c) HUNGARIAN R«FFLE (ALASKA) 

Fig 829. Riffles for Small Sluices 



'Ml 



'i . 1 







Fig 830. Cobble Riffles 



PLAN 


Fig 831. Block Riffles 


a smooth pavement on which stones may roll or slide, and work well. The blocks are 
8-12 in deep, set in transverse rows separated by “riffle strips,” and are square so that 
when worn they may be turned to give the smoothest surface; side of the square is an 
even divisor of sluice wndth. It is usual to set blocks in adjacent rows to break joints, 
because longit cracks enlarge quickly and force earlier renewals. At a few' mines, better 
gold recovery is claimed for a pavement in w'hich joints arc broken as above, but longit 
spaces are also left between the blocks of each row (390). 

Blocks are held in place by the side lining and riffle strips Fach strip is nailed to a row of blorks 
with headless wire nails, which are not driven home but project from 0 ."i to 0 7.5 in '1 ho adj.icent 
blocks are driven against these nails until they r«9t solidly against the riffle strip For dimensions, 
see examples following Table 118 

The objection to block riffles is their rapid wear under heavy service, their life depends on quality 
of wood, sluice grade, character and ipiantity of gravel, and amount of water Long-grained wood, 
which “brooms up,” is best, hard wood is not desirable On a given grade, the larger the ratio of 

w’ater to gravel, the less the 
wear (391) Blorks worn to a 
thickness of 4 or 5 in are dis- 
carded, or used for lining 
the sides of sluices. Bouie 
gives accompanying data 
from early California mines 
(301). 

At Manzanita mine, and also at French Corral mine where similar figures were obtained, poorer 
timber was used for blocks than at North Bloomfield P. Bouery, in 1913 (420), states that in (>-ft 
sluices at La Grange the life of 13-in blocks was 45 days to 3 mo; those m the higher boxes lasted 
longest. On increasing the duty of water 40%, the life of blocks decreased 00%), so that a clcan-up 
was necessary every 17 days. Consequent delay and expense, and limited supply of pine blocks, led 
to use of manganese-steel riffles (Fig 836). 

Longitudinal rail riffles (Fig 832) are of 20 to 40-lb RR rails, in lengths to 20 ft, usually 
set upside down and spaced 3 to 6 in or more apart by wooden or C-I spacers. On a given 
grade, rails will run as much fines and more boulders than blocks (406) ; they are largely 
used in the upper boxes of sluices, as they wear fairly well and are easily taken up. 

Transverse rail riffles. Bouery’s experiments at La Grange, Cal (see under Block 
riffles), published in 1913 (420), give valuable data on riffles for large hydraulic sluices: 
La Grange sluice is 6 ft wide, on a grade of 7 to 8 in per 12 ft; depth of water, 12 to 18 in. 


Locality 

Width of 
sluice, ft 

Grade, in 
per 1 2 ft 

Depth of 
blocks, in 

Life of blocks, 
in-days of water 

North Bloomfield 

6 

6 5 

13 

175 000-200 000 

Manzanita mine 

5 

7 0 

13 

100 000-150 000 

La Grange 

4 

3 0 

8 

100 000-110 000 
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Experiment showed that transverse were superior to longit riffles. A rock or a sand 
particle may remain in contact with and wear the web, flange or head of a longit rail 
throughout its entire length, but wears only the top of a transverse rail. Longit rails 8 in 
apart wore faster than those spaced 5 in. 40-lb longit rails, spaced 5 in, were discarded 
after passing 9 600 000 miner’s in-days of water; 40-lb transverse rails, spaced 6 in, 
passed 14 400 000 miner’s in. 5-in spacing (c to c) proved best; different spacing might 



Fig 832. Longitudinal ’Rail RiflQes (after Fig 833 

Punngton) 


Fig 834. Transverse Rail 
Riffle, La Grange, Cal 


be advantageous for other grades or depths of water, but Boiiery puts the economic interval 
between 4 and 6 in; spacing less than 4 m increases first cost; spacing greater than 6 in 
interferes with free pavssage of boulders. 45-lb rail was selected for the first experiment; 
16 and 25-lb rail were considered too light; 55-lb rail had too large a web and flange in 
pioportion to its head; 40-lb rail was finally found to be the most economical. Rails were 
set on a senes of 2 by 6-in w'ooden riffles, separated by blocks (Fig 833) ; rails alone do 
not foim sufficiently deep pockets, and they allow’ eddies which wear the sluice bottom. 
This system proved much moie efficient for catching gold than the previous block riffles, 
and the gi avel never packed hai d between the rails. 7 spacing blocks had to be set between 
each pair of rails (Fig 834). Wear is greater in center than at sides of sluice, and rails 
bend before wearing out, unless rigidly supported. By using 7 spacing blocks, rails could 
be used until they w’ere 02 5% w’orn, instead of 37.5^o, as was the case with 3 or 4 spacers. 
Ends of worn rails, utilized to protect the sides of sluices (Fig 835), w^ere held in place by 
nails bent over the flange of top rail, and by a 2 by G-in plank. Side rails did not increase 
the duty of w'ater matciially, but deci eased cost of replacing the blocks formerly used; 
they last 5-7 years; duty, about 30 million cu yd of gravel 

Further exponnients, with cast and idlov stecla, showed manganese steel to be the most eco- 
nomical Many forms of rifllc were developed, aiming to lengthen their life and to utilize worn rails 
Fig 836 shows a manganese-steel riffle considered by Bouery to have all the requisite qualities, viz: 
high gold-saving capac, slow' wear, good setting, rigidity, and security against theft of gold. Some 
of them passed r>2 SOO 000 miner’s Hi-da>s of water and from 12-15 million cu yd of gravel before 
they were discarded. For further data, see Distribution of gold m sluices, and Bib (420). 



Fig 835. Rail Side Lining, La Grange, Cal Fig 83G. Bouery Manganese-steel Riffle 


Wooden Hungarian riffles, shod with iron straps, similar to Fig 829, r, but made of 2 by 4-in 
or larger scantlings, may be used where rails are not av ailable They resemble rail ritlies m respect of 
gold-saving, but have shorter life and are lees convement 

Angle-iron riffles (the Evans riffle) are of the Hungarian type. They have been used chiefly in 
hydraulic elevator sluices (Art 126), on tables and tail sluices of dredges (.\rt 127) and sometimes for 
small open-cut work (Table 113) and hydrauheking. Size of angles varies from 1.5 by 1.5 by 1/4 in 
for sinall-sized material, up to 2 5 by 2.5 by 3/s in. Fig 837 shows one method of holding angles 
in place They are set w ith the vertical leg on the upstream side; clear space between them, 0 25 to 
3 in. Close spacing gives a weak eddy and the “dead water” space is said to be a good fine-gold 
saver, assuming that the current velocity allows such gold to settle on the riffles. T-iron may be 
used instead of angles 

C-I grate riffle (Fig 838) has worked well in small sluices on Seward Peninsula, Alaska. It is 
light, easily handled, and oa» be set so that the long dimension of slots is either transverse or longit; 
the latter setting is thought best (390). 
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Hii^-carbon steel plates have effected importajit economies at several large mines, where used 
as riffles and as hnings for taH-sluices. They reduce friction, compared with wood block or other 



Fig 837. Riffle Castings for 2 by 2-in Angles, 
or 3/g in thick 



pavements, and are especially useful on limited grades. The steel contains 0 8-1.2% carbon; in some 
cases it IS found that the outside skin of the plate is more resistant to wear than the interior Plates 
are commonly 0 5 in thick, of same width as sluice and of various 
lengths Fig 839 shows modes of supporting plates 12 ft long A 
2-in space and a 0 o-in drop is left at end of each plate. Supports 
T are 6 to 8-in logs, 12 ft long, sawed flat on 2 sides and tapered 
from 3 5 in at upper end to 4 in at downstream end. Plates are 
held down by 3 by 10-in lining boards This made a good nffle and 
increased the sluice capacity about 40%; angular blasted boulders 
30 in long could be sluiced, as against 20-in pieces with block riflfle 
(412). At Waldo, Oregon, plates 20 by 30 in were set on 2 by 4-m 
cross joists; the plates were 1 5 in apart; no drop was used (422) 
The Quesnelle Co, B C, used plates 58 in sq in a 6-ft sluice, separated 


Table 120. Riffles at Hydraulic Mines of Western U S in 1932 (17) 


Example 

Location 

Type of Riffle 

Width, 

in 

Height, 

in 

Spaced o-c, 
m 

1 

Weaver ville, Cal 

Wood, cross .... 

2 

6 

4 

2 

Douglas City, Cal 

Wood blocks 

12 

12 

12 

3 

Douglas City, Cal 

Hungarian 

2 

4 

41/2 

4 

Junction City, Cal 

Wood blocks , . 




5 

Wash Camp, Cal 

Wood blocks . . 


12 


6 

Comptonville, Cal 

Wood blocks 

12-24 

7 

12 

7 

Helena, Cal 

1 2-ft rails 


31/2 

4 1/4 

8 

Centerville, Idaho 

Hungarian .... 

1 

1 1/2 

2 1/2 

9 

Centerville, Idaho. 

Angle iron . . . . 

2 

2 

4 

10 

Emigrant, Mont . . 

Angle iron, V 4 -in 

2 

11/2 

2 3/4 

11 

Virginia City, Mont 

Hungarian, 10 4-ft secs 

2 

4 

8 



1 6-lb rails, 1 1 2-ft length , 

13/16 

2 3/8 

3 



Poles, 4 6-ft lengths 

4 

4 

5 

12 

Gold Cr, Mont 

Cast-iron bars, 4 ft long 

3 

1 1/4 

5 

13 

Gold Cr, Mont 

“ •* <* “ . . . . 

3 

1 1/4 

5 

14 

Sheridan, Mont . . . 

40-lb, 30-ft rails ! .. 

1 7/8 

31/2 

61/4 

15 

Superior, Mont 

5 V2-ft poles 

4 

4 


16 

Townsend, Mont. . , . 

6-ft poles 

5 

5 

61/2 

17 

York, Mont 

1 6-ft strap iron (a) 

3 

1/2 

41/2 



W ood blocks 

4 

4 

4 

18 

Baker, Oreg 

1 0-ft rails, 2 lengths 

2 

21/2 

4 



6-ft poles, 10 lengths 

4 

4 

5 



Plungarian, last 100 ft 

11/2 

1 1/2 

3 

19 

Iceland, Oreg 

Wood, cross. .... 

2 

4 


20 

O’Bnen, Oreg 

Wood blocks 


6 




Angle iron ... 

4* 

4 


21 

Gahce, Oreg 

3-ft, 40-lb rails, lengthwise . . 





(a) Supported on 2 by 4-in wooden cross strips, spaced 4 ft. 



Fig 839. Support for Steel 
Plate, Ruby Cr, B C 
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by a 2-in space and a 0 5-in drop. A number of boxes at head of sluice were paved with manganese- 
steel rail riffles which extracted most of the gold (421). Table 120, from Gardner and Johnson (17), 
gives data on riffles installed in the same sluices (correspondingly numbered) as those for which 
other data are found in Table 116; lengths are stated only for longit riffles; width of sluice fixes 
length of cross-riffles. 

For further data on riffles for fine material, see Undercurrents below, and Dredging (Art 127). 

Side linings are required to protect the sides of large sluices; also they often furnish a 
means of holding riffles in place. Plank liners are common (Fig 831), 1-in for smaller 
sluices, 2 to 3-in for wide sluices with a high head of water. Where block riffles are used, 
worn blocks are placed on the sides; they serve for tail sluices, but are inconvenient where 
frequent clean-ups aie necessary. See Fig 835 for rail linings. Height of side linings need 
not be more than 2 or 3 in above normal level of the stream of water and gravel. 



Fig 840. North Bloomfield Undercurrent (after Bowie) 


Undercurrents are intended to save fine gold which will not settle in the sluice. Fig 840 
shows the North Bloomfield undercurient, fairly typical for large Cahf sluices; it is a 
w ide sluice, set on a heavy grade at one side of and below mam sluice. 

Bowie gives following details. Across the main sluice, at some point where a drop can 
be made, is placed a grizzly, over which coarse material and some water passes; the under- 
size falls into a spill box and runs thence through a distributing sluice (grade 2-3%) to 
the undercurrent proper. The latter is a shallow’ box, 20 to 60 ft wide and 40—60 ft long, 
divided into sections by vert partitions for convenience in placing riffles and cleaning-up, 
and to allow better control of the distribution of material. Undercurrents are paved with 
small wooden blocks, cobbles, or pole riffles shod with iron; grades required for these 
riffles are 14, 16 and 12 in per 12 ft, respectively. Depending on location of the under- 
current, its tailing and water are discharged directly or led back to the main sluice, which 
extends below the drop at which undercurrent is erected. Width of undercurrent, 8 to 
10 X width of mam sluice. A wide undercurrent costs slightly more to clean up than a 
narrow one, but is often more effic; at French Corral, with a 5-ft sluice, yield of first 
undei current (20 ft wide) was 20% of yield of all; 10 ft added width increased yield to 
27% of total (391). 
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Modern undercurrents of this general type vary widely in detail. Grizzlies in sluices 
20-36 in wide are made of 8 to 12-lb rail, 0.76-in round or octagonal steel, or steel flats; 
spaces between members, 0.25-1 in. In large sluices, grizzlies are usually of V-shaped 
steel bars, either stationary or so supported that they will rock under the impact of 
boulders; rails are also used; openings vary in width to 2 in. Space occupied by grizzly 
is full width of sluice bottom; its length in direction of flow ranges from a few to 18 in, 
usually found by trial. Grizzly bars transverse to sluice remove sand with less loss of 
water than longit bars. Grizzlies are placed on grades which may be flatter or steeper 
than the sluice grade. Any device that will slow up the current just ahead of a grizzly 
is desirable, as it gives sand and gravel a chance to settle and pass to the undercurrent. 

Hungarian riffles of small angle iron, or of wood shod with iron, are also used for undercurrents. 
For saving very fine gold, carpet tufted with chicken wire, cocoa matting with expanded metal, and 
burlap tables, are employed at different mines The ideal location for the form of undercurrent in 
Fig 840 is near the dump, so that large material need not be conducted far below the grizzly This 
is not always feasible, and several other undercurrents are often built at intervals along a sluice A 
min fall of about 5 ft is required where the undercurrent water returns to the sluice, the sluice grade 
can therefore be steepened from the grizzly to the point at which undercurrent water reenters. For 
further detail, see Bib (390, 391, 406, 394, 423, 424). Though the above undercurrents remove large 
quantities of water from main sluice, some sand and gold pass over the grizzly with oversize. In 
small sluices, these difficulties are partly overcome by a different type of undercurrent. Fig 841 



SEC SHOWfNO UNDERCURRENT. 
IN PLACE 


l*x 3* side ple«e« 


LONGIT SEC THRO RIFEtES 

Fig 841 Undercurrent (after 
Ellis) 



Fig 842. Caribou Undei current (after Pur- 
ington) 


shows an undercurrent introduced at Fairbanks, Alaska, in 1914 It greatly increased the saving 
of fine gold, as compared with the old type, but it was necessary to clean up the boxes every 2 days, 
since its effic decreased greatly thereafter. Two boxes of a string (passing a max of 150 cu yd of 
gravel per day) were fitted with this device, one was cleaned up each day, the blanket or cocoa mat- 
ting being washed in a tub On a claim where much fine gold was present, this undercurrent recovered 
20% of the entire clean-up, and changed an opeiating loss into a profit (414) Fig 842 is a modified 
Caribou riffle or undercurrent regarding which Punngton says (390) Hungarian riffles of wood or 
iron, carpets, plush or blankets, are placed in the sluice bottom under the screen, depending on char- 
acter of the fine gold. This device affords cheapness, flexibility, and simplicity, but will not give 
good results with unpuddled clayey gravel Experiments with punched plates in New Zealand 
showed that holes less than 3/3-in diam give too small a discharge and are apt to choke; 7/j6-in 
holes passed too much water and material. These results were obtained in treating marine gravel 
contaimng fine shingle (425) Proper size of holes in any locality is a matter of experiment. On 
Snake River, Idaho, a different form of Caribou riffle and undercurrent has been used, in which the 
heaviest concentrates are drawn off continuously through holes in sluice bottom This allows 
collection of black sand containing valuable minerals other than gold which require further treat- 
ment (426). 

Bulowat Syndicate, New Guinea (458) in 1938 was working an alluvial deposit 12-30 ft deep, 
resting on clay and having 2/3 of its gold close thereto. Gold particles arc flat, and 8/4 of output is of 
pin-head size. Deposit is ground-sluiced with 30 cu ft per sec (1 200 miner’s in) of bank water at 
300-700 cu yd per day, by 90 natives on 2 shifts. Sluice, 48 in wide, grade 0 6 in per ft, has 30 ft of 
angle-iron cross riffles spaced 3 in, and 50 ft of small riffles 0.75 in apart Next 10 ft of sluice has 
S/g-in slots from side to side, spaced 3 in, followed by 20 ft of S/g-in plate drilled with 0.75-in holes on 
1-in centers. These apertures drop about half the w'ater to undercurrents, which are in duplicate, 
one on each side. Each is 30 ft wide by 18 ft long, composed of 15 tables 2 ft wide, sloping 0 125 in 
per ft. Riffles are wood, 1 by 1 in, set 1 in apart. Flow over the undercurrent is 4 ft per sec, com- 
pared with 9 ft per sec in the sluice. Use of undercurrent adds 25-30% to recovery of gold under the 
existing conditions. 

Operators disagree as to the use and value of undercurrents. Where the gold is fine 
the weight of evidence is in their favor, if they are properly designed and cleaned up often 
enough to do effic work. At La Grange, Cal, after riffles like those in Fig 836 had been 
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installed, undercurrents were discarded, as they clogged and the gold recovered did not 
pay cost of cleaning up (420). Of 39 placer mines in western U S described in (17) as 
operating in 1932, only 10 had undercurrents, and some were of doubtful advantage. 

Use of mercury in rifSles and undercurrents is quite general; amalgam is easier to handle 
in clean-ups than fine gold; some gold, otherwise lost, is always saved by amalgama- 
tion. Where much coarse gold occurs, mercury is omitted in a few boxes at the head of the 
sluice, to avoid the trouble and cost of retorting coarse gold amalgam. 

When Hg is used, sluicing begins with a small head of water, until all cracks and leaks are 
stopped. The water is then shut off and riffles in upper part of sluice and undercurrents are charged 
with Hg More is added from time to time, as needed to keep a clean surface of Hg exposed. 
Amounts of Hg vary; a common initial charge for large sluices is 2 to 3 flasks (76 5 lb each); for 
large undercurrents, 80 to 160 lb Mercury must be clean and in charging all splashing or spatter- 
ing should be avoided, otherwise minute globules are formed which float away. Loss of Hg is 
inevitable; it vanes from 4 or 5% of the total amount used to 30% under poor conditions, averaging 
perhaps 10 to 15%; loss is least in w’ell built, long sluices, provided with undercurrents (391, 394). 

Cleaning-Up consists in removing the riffles and collecting gold and amalgam. Interval 
between clean-ups is made as long as possible, to reduce the delay they cause; often the 
lower parts of a sluice are cleaned up only once in a season. Clean-ups are required when 
worn riffles must be replaced, and when much gold has collected, as in the first few boxes 
of a sluice handling rich gravel; danger of theft often influences frequency of clean-ups. 
Cleaning-up begins at the sluice head, by removing a few riffles and turning in a small 
flow of water. The concentrates are w'orked over with shovels or scoops; as they wash 
slowly down the sluice bottom, the gold and amalgam lags behind the black sand, etc, 
and IS scooped up into pans or buckets. The pioeess is repeated in next low^er section. 
See Bib (17, 414, 391, 398). 

Distribution of gold in sluices. Most gold is caught near the sluice head. Bowie 
estimates that an aver of 80% of total yield of large sluices is lecovered in first 200 ft of 
length, according to results at several early Calif mines (391). In Alaskan shoveling-in or 
small open-cut work, the dump box and fiist 3 or 4 boxes below it retain most of the gold. 
Distribution depends upon nature of gravel, shape and size of gold, and amount of clay. 

Table 121 shows results of experiments by Bouery, at La Grange, Cal, in 1910, to determine the 
distribution of gold of different sizes, the tests lasted 15 days (420) Value of the amalgam, $13.50 


Table 121. Distribution of Gold in Sluice Boxes, La Grange, Cal 



Total gold 
recovered. 


Sizing test on gold recovered in different boxes 


Box 

number 



Mesh, per cent 



vz 

-f 10 

1 -10-f50 

-50-flOO 

-1004-150 

1 -1504-200 

1 -200 

5 

too 

45 8 

50 7 

1 4 

0 4 

0 3 

1.4 

6 to 16(a) 

831(6) 

17 0 

78 8 

2 2 

0 9 

0 3 

0 8 

22 

26 2 

6 5 

76 1 

11 6 

2 6 

0 9 ! 

2 3 

48 

4 15 

4 8 

58 1 

28 3 

3 2 

1 3 

4 3 

88 

0 65 

2 8 

18 6 

72 6 

1 2 

4 0 

0 8 

116 

0 14 

0 

36 8 1 

18 8 

29 9 

7 6 

6 9 


(tt) Inclusive (5) 80, 69, 88, 68, 75, 108, 101, 100, 53, 46, 43 oz iu these boxes 


per oz in the head boxes to $6 in Viox 136 Head boxes did not show the highest saving, as they were 
often blocked by boulders and sand (Bulkheads, Art 124). 8uch experiments permit accurate 
determination of the point beyond which the gold recovered does not repay construction and main- 
tenance of added sluice length 

Loss of gold in sluices cun not be accurately determined. The gold content of gravel 
treated is t. t known exactly, and there is no way to sample it or the sluice tailing during 
operation. In large low-giade placers, as at Oroville, Cal, ample opportunity is afforded to 
compare aver values comimted from churn-drill exploration with actual recoveries on 
dredges, and empirical factors have been developed for discounting churn-drill samples. 
Such factors represent a combination of errors in sampling and losses in gold-saving appa- 
ratus, and can not bo used in other localities. Drill and shaft samples in rich Alaskan creek 
placers often give results widely different from recoveries obtained later by hydrauheking 
or simple open-cut methods (447) (Sec 25). 

Purington Estimates that Alaskan shovehng-in recovers 80-90% of total gold (390). 
Different authorities place recovery with ordinary sluices and undercurrents at 60-85%; 
it must vary with character of gold, as well as that of the gold-sa\ing devices. 
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Sluices act as runways for material ranging from large stones to find sand. Veloc of current 
must suffice to sweep the coarse material along. Gold is separated from other heavy concentrate 
by the classifying action of irregular eddies set up by riffles, a strong “boil” is required to prevent 
riffles from packing. These conditions, combined with an irregular flow of water in hydraulicking 
and intermittent clean-ups, are not conducive to saving fine flaky or spongy gold and are responsible 
for losses. Undercurrents reduce this loss, if properly cared for, but no known device will force all 
of the fines to pass through a stationary grizzly on sluice bottom and leave enough water to carry on 
the oversize. Nearly all placers worked on a large scale have a very low gold content, and in spite 
of losses these simple gold-saving devices probably make nearly the max profit, in view of any recov- 
ery obtainable. This discussion does not apply to small gravel containing very fine gold only (as on 
the Snake River, Idaho, and in certain beach sands'), nor to gravels containing valuable minerals 
besides metallic gold, which present problems still unsolved. Bib (390, 427, 424, 382). 


126. ELEVATORS 

Elevators of several types are employed to secure artificial dumproom at placers lacking 
natural facilities for disposal of tailing, and where conditions prohibit dredging. 

Hydraulic elevators (Fig 843, 844) were formerly used widely; at present, they are 

found mainly in isolated places where 
more effic power equipment can not 
be applied. The excavated gravel, 
wdth the giant water and seepage, is 
conducted in ground- or box-sluices 
to the foot of elevator, which deliv- 
ers it to a sluice on surface leading 
to the dump (385, 394, 390, 397). 
The surface sluice is usually short, 
with or without undercurrents. 
Field of use is in flat placers lack- 
ing sluice glades and dumproom, 
but having ample cheap water under pressure. Depths of gravel range from a few 

ft to 90 ft; depths of 20-26 ft are favorable, as they allow much gravel to be mined 

from 1 set-up of elevator, without excessive lift. Boulders (or buried stumps and timber) 
too large to pass through the elevator increase opeiating cost, as they must bo blasted or 
handled by derricks; if too numerous, they may 
prohibit elevator woik. The elevator is inefficient 
and wasteful, but useful where necessary water is 
available. 

Elevator construction and operation are 
shown by Fig 844. For dimensions, weights, and 
capacities, see makers’ catalogues. 

Water under press is discharged upwards 
through nozzle N; in passing through the throat 
area, T, it sucks in water, gravel, and air through 
intake opening 0. The force of the jet elevates 
the aerated column of water and gravel through 
upcast pipe P, the upper end of which projects 
through bottom of first Ixix of the surface sluice. 

To prevent spattering, this box is coveied and is 
provided with a liner (“hood”) which diverts the 
discharge laterally. The hood and throat take 
the most severe wear, and are usually of manga- 
nese steel; special steels may be used for other 
parts. The upcast may be a riveted or welded 
steel pipe, with slip or flanged joints, depending 
chiefly on height of lift. Evans elevator has an 
auxiliary suction opening on each side of the main 
intake, to allow air to enter the elevator if main 
intake clogs; suction openings may also be extended by pipes to low places on bed- 
rock and used to suck out seepage water. The sump at foot of elevator is usually 10 or 
15 ft sq and about 4 ft deep (386). Bedrock sluices may dump into the sump, or 
directly into the elevator intake; latter plan is best, as the suction head should be 
email. The upcast usually has a slope of 60®-70°; makers of the Evans elevator state 
that it works best at 80°. Elevators are sometimes set vertically, or on slopes as flat as 
42° (394). 


1 Tlani^e of press pipe 

2 Swivel elbowi 
4 Flanges 

0 Nosile butt 
9 Ground section 

10 Entrance section 

11 Throat section 

12 Outer section 

13 Upcast pipe flange 



O Intake opening 
2 N No**le 

T Throat 
P Upcast pipe 

sn 

Fig 844. Hendy Hydraulic Elevator 



Fig 843. Elevator Pit (diagrammatic vert sec) 
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Water required* The elevator nozzle water will lift from 0,5 to 1 X its own vol of 
outside water. Hence, 60-66% of the pressure water available is assigned to the elevator, 
and the rest to the giants; the higher figure is conservative (note experience at Swaziland, 
below). Distribution of water between elevator and giants is controlled by size of nozzles 
used on each (see Flow through nozzles, Art 125). 

Max height of lift for economical operation is about 17% of the effective head at 
elevator nozzle. High heads are proportionately more effective than low ones; the lift is 
also affected by size of gravel and slope of upcast (394) . Ordinary range of lift is 10-20% 
of the head on the nozzle water. Higher lifts may be overcome by compound or step-lift 
elevators; 33% of the press water is then used in the bottom lift and 67% in the upper, 
which has a larger upcast. This requires abundant water supply, but approx doubles the 
lift obtainable with a single elevator. With cheap elec power or fuel supply, the natural 
press of the elevator nozzle water can also be boosted by stage centrifugal pumps. These 
devices are rarely used. Max size of gravel depends on the throat diazn. To prevent 
serious clogs, a grizzly is necessary in the bedrock sluice ; its bars are spaced at least 1 in 
closer than the throat diam. 

Capacity of elevators. The gravel forma at most 5% (usually 2-3%) of the total wt 
lifted; hence, m estimating capacities, only the water needs to be considered. 

There are no exact rules; the capac in a given case varies with the ratio of pressure 
head to lift, the effective head and vol, regularity of flow of gravel and water to the elevator, 
and also with the giant-water duty. The latter is a major factor in determining size of 
elevator. If there is much seepage water, which reduces tlie capac available for elevating 
giant water, a water lifter (practically a small elevator, with a suction pipe instead of 
an open intake) is often installed to dram the pit. 

Efficiency of an elevator is expressed by; E = H{Q2AW -f S) -5- ^2 AN {Hi — H), 
where E — % effic; H = height of lift, ft; Hi ~ effective head at nozzle; W == cu ft per 
mm of giant, seepage, and hank water; <S »= wt of gravel elevated per min (placer gravel 
normally weighs about 3 000 lb per cu yd) ; N = water discharged through elevator nozzle, 
cu ft per mm (397). Effic is usually only 10-20%. Longndge cites 12 elevators in N Z, 
operating on lifts of 13-67 ft with water under heads of 200-448 ft, the effic of which 
(omitting wt of gravel) was 20-33% (394). 

Wild Goose Mmmg Co, Table 122. Hydraulic Elevator Work, Wild Goose Co, Alaska 

Ophir Cr, Council Distiict, 

Alaska Data in 'I'able 122, 
contributed by W H Lana- 
pcan and C H Munro, are 
retained from previous edn 
of this book, as representing 
former large-scale work in 
Alaska Foi further detail, 
see 2ud edn, pp 924-92G 
8ubae<iuent woik of that 
kind on Ophir Cr has been in 
gravel 4--10 ft deep lying 
mostly on slabby limestone, 
irregular and difficult to 
clean (188) 8uch mining has 
been conducted only dunug 
those paits of the working 
season when men and water 
could be spared from the C o’s 
dredges From 1918 to 1921 
mel, a total of 96 885 cu yd 
was worked by elevators at 
aver wst of 31 .3^ per yd, 
excluding deprec and man- 
agement, but including pio- 
poitionato share of ditch 
maintenance In 1919 only 
1 1 050 cu yd could be han- 
dled, at 7 ^ per yd; in the 
other 3 yr, the range was 
21 8-29.6^ per yd. 

Little Creek, Nome, Alaska. Data from N. L. Wimmlor (188) in 1927. Former large 
operations using elevators are now being dredged. Deposits 15-40 ft deep of medium- 
sized gravel containing much clay, frozen and covered with moss and muck; latter, 
together with 2-10 ft of barren gravel, was first removed (often elevated) by giants 




1908 

1909 

1910 

Area, s<i ft . . . 

306 480 

465 300 

320 300 

Aver depth worked, ft 

10 7 

8 7 

8 1 

Material handled, cu vd 

121 960 

150 637 

95 960 


Number of pits working . 

12(a) 

19(a) 

9 

rt 

Piping Number of days . 

123 8 

186 2 

116 5 


S<i ft per day. 

2 480 

2 500 

2 740 

bO 

Cu yd per day 

986 

809 

825 

c 

Cleaning bedrock, days . 

81 5 

84 0 

23.5 


Tune lost, days . 

79 9 

73 9(6) 

10 3 

k 

Total runmng time, days . . 

285 2 

285 6 

93.0(c) 

o 

Sluiced per day, sq ft 

1 075 

1 630 

3 420 


Sluiced per day, cu yd 

428 

528 

1 030 


Elevator water, in-days. . . . 

63 082 

74 791 

54 587 

§ 

Giant water, m-days 

18 368 

26 788 

27 451 


Pump water, in-days 

6 000 

4 200 

id) 


Other water, in-days. 

3 120 

8 035 

5 738 

^ 1 

Total water, in-days . 

90 570 

113 814 

87 776 


Elevator water, sqltpci in-day 
“ “ cu yd per in- 

4.9 

6.2 

5 9 

3 

Q 

day 

1.93 

2.01 

1.75 


Giant water, sq ft per m-day . 

16.7 

17.4 

11.7 


” “ cu yd per in-day 

6.6 

5.6 

3.5 


Total water, sq ft per in-day 

3 4 

4.1 

3.7 


“ “ cu yd per in-day 

1 35 

1 32 

1 1 


(a) 2 more pits started, but not completed (6) Short water, 
15 5 days; no water, 53 days, other delays, 5.4 days, (c) Excluding 
time digging lumps, (d) Included in “other water.” 
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Until 1923, during each season (June lO-Oct 15) elevator mining was usually conducted 
in 4 pits at a time, each having a final area of 3-5 acres. Total output per season, 350 000- 
660 000 cu yd, or 1 000-1 600 cu yd per day from each pit. Crew for each pit, 10-15 men 
with 2-4 horses, working 2 11-hr shifts. Water, 750-1 000 miner’s inches under 290- to 
310-ft head, supplied 2 giants (3-3.5-in nozzles) and an elevator for each pit. Elevator 
lifts were 30-55 ft; nozzles, 4.5 in for lifts to 40 ft, larger for higher lifts; usual water 
consumed, 450-550 in. Tailings were stacked at intervals by a 3-in giant; boulders were 
hauled on stoneboats. Head box, 12 ft long, 4 ft wide, had drop of 5 in; other boxes, to 
total length of 160-180 ft, were of steel, 8 ft long, 4 ft wide, at grade of 0.5-0.6 in per ft; 
usual riffles were angles and longit 16-lb rail. Sinking of pit through gravel and 8-10 ft 
into bedrock, and installing elevator, took 4 days. Usual life of replaceable manganese- 
steel throat on elevator, about 3 mo, or 100 000 cu yd. In 1921, 4 pits yielded 550 000 
cu yd at working cost of 35^ per yd, incl S.5^ for ditch maintenance. Aver duty (for all 
water) was 1-1.25 cu yd in frozen, or 1.25-1.75 cu yd in partly frozen ground. 

Inmachuck River, Alaska. Data from N. L. Wimmler (188) in 1927. Frozen deposit 
20-25 ft deep, of which about half was muck, removed in advance. Elevator with 9-m 
throat, 4-in nozzle, 37-ft lift, under 350-ft head, handled washings from 2 or 3 giants 
with 3-in nozzles; stacker giant was also needed. Crew: 6 men on day (lO-hr) and 3 men 
on night shift; 6 men on ditch. In 64 days of 1924, a pit 315 by 460 ft cost 17.2^ per 
sq ft, delivering 53 000 cu yd of gravel and bedrock at 47ff per cu yd. Aver season, 85- 
90 days. 

Swaziland, So Af; data from J. J. Garrard in 1917 (397). Tin-bearing gravels, averaging about 
18 ft deep, have been worked. Records for 12 months’ operation in 1913 show that 4 elevators, with 
an aver lift of 23 3 ft, took an aver of 73% of the water available, leaving 27% for the giants Best 
month’s work showed 00% elevator to 40% giant water; the worst, 84% elevator to 10% giant 
water; effic of elevator, 16.58%. As the water supply was ample, its inefficient use was allowable 

Box elevator. Knox and Haley (385) describe a home-made elevator used successfully by the 
North Fork Salmon River Mining Co, Cal. It consisted of a steel-lined box about 18 in sq, sloping 
about 50°, with a 5-in jet at the bottom and 0 5-in steel striking-plate at the top, immediately over 
the sluice. Height of lift, 30 ft; operating head, 250 ft Water supply was excellent; about 700 
miner’s in were required for elevator Boulders to 11 or 12 in diam were handled; there was no 
throat, everything being lifted directly by the jet. Capac, about 1 000 yd per day. 

Ruble or grizzly elevator consists of a chute inclined at about 17® and having a 10-ft 
apron to make connection with bedrock. The apron fits closely between the walls 
of the main chute, which is 60-90 ft long. The chute and apron are lined with 0.25-in 
Bteel side and s/g-in bottom plates. Chute is about 8 ft wide, its walls tapering from 12 ft 
high at the bottom to about 4 ft at the top. For the first 20 ft of the incline, the bottom 
is solid; remainder of incline is bottomed with transveise grizzly bars, 2.5 m apart, mad© 
of 2 by 6-in timbers covered with 0.5-in steel straps. Underneath the grizzly is a steel- 
lined false bottom, sloping from upper end of elevator to a sluice box, set at right-angles 
to elevator and directly under lower end of grizzly. The sluice, about 00 ft long and sup- 
ported on light trestles, is paved with Hungarian and pole riffles, consisting of 2 by 4-in 
timbers shod with steel. The elevator is supported on 3 heavy stringers lesting on trestle 
bents, which are mounted in turn on skids. It is moved by winch and cable. 

Operation; The elevator giant is alined with the center line of the elevator and aliout 
80 ft away from it. Wings, about 10 ft high and lined with scrap timlx?r, are built out 
on each side, 1 wing extending to the bank; they are supported on portable frames. The 
cutting giant works behind the elevator giant and drives the fallen gravel along the bank 
to the elevator wing, where it is picked up by the elevator giant and washed in small 
quantities at a time up the solid portion of the incline. Care is taken to “boil out” the 
fines over the lower portion of the grizzly; otherwise, gold would be washed over the 
elevator top. W'hen heavy stones are clean, they are washed up and over upper end of 
the incline. The fine tailing is piped from end of sluice by the elevator giant about once 
an hour. An extra tailing giant may be set up for stacking tailings when the water is not 
being used by other giants. When the boulder dump reaches the end of grizzly, a platform 
is laid on it extending outward and upward from the elevator. Thus the dump can be 
piled much higher than the elevator itself. These tailings are piped down periodically by 
the tailing giant. If the water pressure is high, a large amount of material can bo worked 
with 1 set-up of the elevator, but the elevator must be moved to a new position when the 
driving limit of the cutting giant is reached, or dump room is exhausted; 5 or 6 days are 
required per move. This delay can be obviated only by using 2 or 3 elevators, and chang- 
ing the water from one to another. At one property, such an elevator used 6()()- 1 200 in 
of water under 450-ft head. The gravel was heavy, with nests of bouldeis weighing 1-5 
tons; depth of bank, 20-25 ft. Capac of the elevator, 1 000-2 000 cu yd per 24 hr; 
100 000 cu yd of gravel were washed in 4 months; total operating cost, including ditch 
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maintenance, 6^ per cu yd. First cost of elevator, $3 400; the mine "was 90 miles from a 
railway. For further details, see Bib (385, 453). Two other examples follow. 

Redding Creek, Douglas City, Cal. Data from Gardner and Johnson (17) in 1934. 
Deposit of stream gravel about 9 ft deep and 120 ft wide; insufficient natural grade for 
sluices (0.83%) required use of Ruble elevator. Water under 300-ft head came through 
3 000 ft of 24-in pipe and supplied (through 15-in pipes) 2 giants with 5-in nozzles; one 
cut and swept gravel to foot of Ruble, the other driving oversize up the slope. A third 
giant, with 3-in nozzle, leveled off tailings pile at intervals. Ruble was 8 ft wide, 60 ft 
long, with lift of 25 ft; grizzly bars (iron-clad, 3 by 6-in plank laid on edge, crosswise) 
were spaced 2 in apart. Sluice, receiving undersize and most of the water, was 48 in wide, 
48 ft long (see Ex 3, Tables 116, 120). Shallowness of gravel required Ruble and sluice 
to be moved 3 times during 105-day season of 1932; each move took a week for 7 men 
and a caterpillar tractor. Boulders were bulldozed, consuming 2 000 lb of 40% gelatin in 
season. For other data, see Table 117, Col I ; cost of 19^ per yd did not include ditch work, 
construction, interest, deprec, or amortization. 

Gallia mine, Sawyer Bar, Cal, illustrates combination of Ruble elevator for discharging 
coarse tailings, and hydraulic elevator for fine. Data from Gardner and Johnson (17) in 
1934. Gravel, 33 ft deep, contained 10% of boulders over 12 in; bedrock fairly even. 
Water at 265-ft head, through 2 000 ft of 36- to 15-in pipe, supplied a 3.5 or 4-in giant in 
pit, a 4.5-in giant at Ruble, and an elevator with 20-in intake, 30-ft lift, and 4-in nozzle. 
Pit giant worked intermittently, to avoid congesting the Ruble; other giant and elevator 
worked continuously. Ruble, 4 ft wide, elevating 25 ft, had grizzly of 90-lb rails, spaced 
2.5 in, and set lengthwise. Sluice from Ruble to elevator was 120 ft long, 24 in wide, 
grade 4.5 in per box, and riffled with 2 by 2-in angles and longit rails. Ruble had to be 
moved every 3 week.s to gain dumproom, taking a week’s time of 3 men. Boulders too 
large to go up Ruble were moved by derrick; those uncovered in cutting, by donkey 
engine. In 60 days of 1932 (incl moving of Ruble), crew of 3 men on each of 2 12-hr 
shifts treated 12 000 cu yd at cost of 17^ per yd; pit giant could move 50-60 cu yd per hr. 

Advantages of the Ruble elevator: low first cost, the fact that it can be made on 
the ground, and its capacity for handling heavy boulders. It is adapted to flat placers 
unsuitable for dredging, less than 50 ft deep, where water is available for hydraulicking. 
It IS not suited to rough or very uneven bedrock, owing to difficulty in moving. 

Use of giants for stacking tailing is possible wffiere dumproom is ample in area but 
deficient in grade, and where the water will run off by gravity (406). The North Columbia 
Gold Mining Co, Atlin, B C, stacked coarser tailing to heights of 25 and 35 ft with giants 
working under heads of 110 and 140 ft (411). Where this device is used, the stacking 
giant can often be operated intermittently. See Bib (415). 

Elhs describes an inclined sluice used in connection with giants in California, Oregon, and in 
Alaska for stacking tailing at the end of a sluice On Mastodon Cr, Circle, Alaska, a 9-ft gravel 
bank i^as hydraulicked vnth 2 No 1 giants into a sluice delivering tailing to a sump. From this the 
tailing was easily driven up an inclined sluice to a height of 3o ft. A No 2 giant under a head of 
100 ft was used for stacking; duty of the total water for hydraulicking and stacking was 2.5 cu yd per 
miner’s in per 20 hr Fairly heavy slabs of bedrock were raised by the giant It is stated that this 
device used leas water than would be required by an hydraulic elevator, and that it is better suited 
than the latter for small installations (413). Inclines and giants have also been used in Alaska for 
FEEDiNQ SLUICES which must be elevated a short distance above bedrock. A vert steel-lined back- 
stop is built directly behind the sluice, and gravel is banked up in front of it forming an incline lead- 
ing to bedrock Material is then piped up this incline against the back-stop, from which it drops into 
the sluice. No details are available (429), 

Gravel pumps have been used successfully in Swaziland and Nigeria, for elevating 
tin-bearing gravel; elsewhere, occasionally and less successfully, for gold placering. 

Swaziland. Data from J. J. Garrard (397). 8-in centrifugal pumps, with renewable 
impellers and linings, are direct-connected to 50-hp motors, running at 485 r p m, and 
deliver water and gravel to a total height of 40 ft. Pump is mounted on a pontoon 
resting on bedrock in the pit. The gravel is hydraulicked and washed to a sump, whence 
it is pumped to an elevated sluice. Suction pipe of the pump is sometimes 300 ft long; 
delivery pipe slopes 45®. During year ended June 30, 1915, 3 gravel pumps ran 70.9% 
of the time that power was available, elevating 420 423 cu yd of gravel at an aver rate 
of 24 cu yd per hr. Amount of water pumped, 190-230 cu ft per min; aver height of lift, 
38.6 ft. Aver running cost per hr of the 3 pumps was 42.2ff, of which 23^ was for power 
(cost 0.733ff per kw-hr), 10.6fi for renewals, 8.6ff for repairs. This gives a cost of about 
per cu yd. Aver effic (output input) for the 3 pumps, 27.35%. 

Nigeria. Data from W. E. Sinclair (626) in 1933. For geol occurrence of tin-bearing 
gravels, see Art 122. Standard suction-pipe diams of centrif pumps are 6, 8, 10, 12 in; 
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max lifts, 66-85 ft; 6-in pump lifts 10 cu yd gravel and 6 000 gal water per hr, under 

aver head; 12-in pump, 40 cu yd gravel and 
24 000 gal water per hr; intermediate sizes 
directly proportional. Pump casings or liners 
are of manganese steel. Fig 845 gives power 
requirements of 6-, 8-, and 10-in pumps under 
varying heads. Pumps are mounted: (a) on 
bedrock, at lowest accessible point of de- 
posit; (6) on pontoon, normally resting on 
bottom, while at work, but moved from place 
to place by temporarily flooding the pit to 
necessary depth; (c) 2 pumps, preferably of 
equal capac, in tandem, permitting use of 
smaller and lighter pumps for a given head. 
Max effic and min abrasion are obtained 
when delivery pipe slopes 40°-50®. By what- 
ever method the gravel is broken, it is delivered 
to pump sump through a bedrock sluice car- 
rying enough water to make a mixture con- 
close control of pulp consistency is desirable. In these tin 
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Fig 845. Recommended Speeds and Powers 
for Gravel Pumps under varying Heads, 
Nigenan Tin Fields 


taining about 20% solids; 
fields, ground is broken by : 
(o) ground sluicing, of soft 
or medium-hard ground; 

(b) shoveling-in, by hand; 

(c) digging and tramming 
by hand; (d) steam-shovel 
and loco haulage (see Art 
122) ; (e) hydraulicking, 
limited to rich or unusu- 
ally extensive deposits jus- 
tifying large initial outlay. 
Table 123 gives aver cost 
data prior to 1933, in 
pence per cu yd washed, 
under the conditions 
noted; up to that time, 
coal at £3 per ton was 
usual source of power, 
since largely replaced by 
hydro-generated elec. 
With weekly adjustment, 
pump delivered 45 200 cu 
yd of aver gravel before 
requiring replacement of 
liners or runners. An inci- 


Table 123. Cost of Mining, Pumping and Washing Tin 
Gravel in Nigeria (Pence per cu yd; prior to 1933) 



I 

II 

III 

IV 

V 

Breaking and tramming | 






wages 1 

2.20 

6.91 

9.96 

6 80 

4 04 

Pumping; wages J 




1.32 

2.21 

Fuel (coal) 

3 10 

3.54 

3.60 

5 05 

3 79 

Renewals and maint. . . . 

1.47 

1.75 

1.87 

1.50 

1 36 

Lubricating oil 




0 86 

1 02 

Sluicing and washing. ... 

(a) 

(o) 

‘ (a) ‘ 

1 19 

1 40 

White supervision 

2 21 

2 60 

2 76 

5.14 

3 47 

Overhead and general .... 

0.86 

0 65 

0.85 

1.99 

1 46 

Total. 

9 84 

15 45 

19 04 

23 85 

18 75 


I — Ground-sluicing (no tramming). II — Shoveling-in (no tram- 
ming), breaking ground alone varied 3-10 pence, depending on dis- 
tance shoveled. Ill — Breaking and tramming by hand. IV — Aver 
based on 40 846 cu yd pumped from same position in 9 mos, 8-in 
pump, 90-hp steam engine, total head, 65 ft, aver suction lift, 12 ft, 
tramming aistancc, 60-750 ft; cost includes pumping surplus water. 
V — Based on 9 090 cu yd washed in 480 hr (Nov, 1930) of which 
216 hr pumping gravel; 10-in pump, 90-hp steam engine consum- 
ing 60 tons co^, total head, 79 ft, delivery pipe 90 ft long, sloping 
70°; gravel, 7 ft deep, averaged 10.12 lb of 70% Sn cone per ou yd. 
(a) Not included in total. 


dental advantage of the centrifugal pump, especially important in this tin field (see p 546) , 
is its ability to disintegrate clay and even cemented gravel without assistance from puddler 
or log washer. 


Boe mine, Quesnel division, B C Data from 1932 Ann Rep of B C Minister of Mines. Mine 
operated profitably for several years in spite of adverse conditions Gravel, 15-20 ft deep, con- 
tained much glacial clay and required blasting. Water, from seepage only, and sufficient for only 
10-hr work a day, was supplied at 45-lb press through 10-in ceiitnf pump (steam-driven from 
2 60-hp wood-fired boilers) to a giant with 3-in nozzle, at 1 800 iiapeiial gal per rnin (192 miner’s in). 
Gravel pumped to sluice from sump, protected by screen with 4 by 5-in openings, by 8-in centrif 
pump driven by 25-hp gasolene engine. Sluice water was impounded, settled, and returned to giant. 
Capac of outfit, 300 cu yd per 10-hr day. Daily expense: labor (5 men), $20, 3 cords wood, $15; 
40 gal gasolene, $14.80; 2 kegs powder, $6; misc, incl amortization, $27.90; total, $83.70, or 28^ 
per cu yd. 


Mechanical elevators usually consist of an endless chain-bucket excavator, supported 
on a tower and delivering to an elevated sluice. The buckets handle only gravel; a centrif 
pump is also required. These elevators have been used at several mines to raise gravel 
mined by hydraulicking, but have failed duo to: (a) high first and operating cost; (b) pump 
troubles; (c) complicated machinery, requiring services of a machine shop; (dj lack of 
mobility. Bib (385, 409, 430). 
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127, CHAIN-BUCKET OR BUCKET-LADDER DREDGES 

By F. M. Blanchard and C. M. Romanowitz 

Introductory. A placer mining dredge comprises a mechanical excavator and a screen- 
ing and washing plant, both mounted on a floating hull. Dredge performs 4 functions; 
(a) Excavates the placer material, (b) Screens the material into 2 or more sizes, usually 
with a revolving screen; undersizes, usually all below 0.5 or 0.75 in, go through recovery 
devices, the oversize to reject, (c) Treats the fines to recover their metallic or other heavy 
components, usually on tables or jigs, or a combination of the two. (d) Deposits the fines 
from the treating unit, and the coarse rejects from the screen, to rear of dredge. 

The dredge floats in an artificial pond often supplied from an outside source, by gravity 
through ditches or by pumping. The dredge digs at its bow and deposits washed tailings 
at its stern, thus carrying the pond with it as it advances. Dams may be needed to raise 
the water level, and it is sometimes necessary to seal the dredge tailings with sand and 
slimes. The chain-bucket dredge is the only type described here, as it has practically super- 
seded all other forms, such as dipper and suction dredges, for placer mining. (For dragline 
dredging, see Art 129). The bucket-elevator dredge is also used for recovering platinum 
and tin ore, with modifications in the treatment plant to meet requirements. Size of the 
dredge is designated by the capac, in cu ft, of its mdividual bucket. 

The New Zealand type of dredge, with open-connected buckets, was introduced to 
the U S in the late 1890*8. It was successful m loose river gravels, but found unsuitable 
for digging “inland” where the gravel was more compacted. Development of the modern 
dredge began 1901 in Calif. Since then, improvements in the effic of tlie machines have led 
to their wider use, both on shallow and very deep placers. The most important improve- 
ments have been in digging capac and the treatment plant; also in the design of deep- 
digging dredges, and the sectionalizing of hull, superstructure, and machinery for transport 
by trucks and airplanes, and to facilitate rapid field erection. For notable example of 
dredge transport by airplane, see Bulolo, Art 128. 

Factors affecting operation. Successful outcome of di edging demands (aside from 
sufficiency of profitable gravel) . (a) correct and adequate prospecting; (6) selection of 
equipment best suited to the conditions; (c) effic management and an experienced crew. 
Selection of equipment is guided by : (1) Max and min depths of gravel and overburden. 
(2) Total yardage. (3) Amount, distribution, and character of valuable metal or mineral; 
its size, shape, or other features (for example, “rusty” gold) affecting its recovery. 
(4) Formation; tight, loose, clay, sand, cement, Ixiulder sizes, buried timber, reefs, dykes, 
etc. (5) Bedrock conditions and its grade. (6) Surface contours. (7) Availability of 
water. (8) Siiecial conditions to lie met, as leveling, reselling, leaving water ways, control 
of muddy water, etc. (9) Flood conditions, (10) Frost, frozen ground, or other conditions 
found 111 extieme North. (11) Climatic conditions, and length of working season. (12) 
Transport facilities and remoteness of property. (13) Class of labor available. (14) Labor 
and material costa. (15) Taxes and royalties. (IG) Special laws to be considered. (17) 
Funds available 

Bucket-elevator dredge. Commonest, or “ California,” t^Tje is equipped with screen, 
tables or jigs, and a stacker to dispose of the oversize reject from the screen. Certain 
VARIATIONS have proved useful for small placers and shallow creek deposits, as in Alaska; also 
for mining tin ore. (a) Substitution, on tin dredges, of a rock chute for a stacker to convey 
oversize from the screen. This simplifies the mechanical equipment and is used w’here pro- 
portion of oversize material is not large. (5) Flume dredge equipped w’lth a screen. The 
screen rejects are usually larger than 6-in diam, and are passed to stern of the dredge by 
stacker or rock chute. Material below 6 in is delivered to a flume or sluice, 5 or 6 ft wide, 
carrying large volumes of water, like the sluice in a hydraulic mine (Art 124). The sluice 
usually has large-sized Hungarian or rail riffles, (c) In flume dredge without screen, all 
material goes directly into a sluice. This design is suitable for creeks where gravel is small 
in size and gold is coarse. In some cases, rocks too large to go through the flume are sorted 
out by a grizzly at upper end of flume and rejected into the pond, at side of the dredge. 

Fig 846 is a plan, and Fig 847 a side elev of a 6-cu ft California-type dredge, for digging 
at 38 ft below water. Such a dredge, in 1 272 days, digging at aver depth of 26 ft and 
under difficult conditions, averaged 155 000 cu yd per mo; under easier conditions, a sim- 
ilar dredge has dug 200 000 cu yd per mo. Fig 848 is a side elev of a 3-cu ft dredge, 
designed for 16-ft depth; m actual performance it averaged 64 000 cu yd per mo. For 
an 18-cu ft, deep-digging dredge, see Fig 852, 853, Art 128. 

Hull is reotangular, with bow and stern corners usually cut off dit^onally to increase clearance 
when maneuvering: a long, narrow, open w'ell extends back from the bow about half the length of hull 



Vertical boiler 



Fi« 846 Plan of 6-cu ft Gold Dredge equipped with Placer-type Pan-Amencan Jigs (Yuba Mfg Co) 




Stern gantry 



Fig 847. Side Elevation of 6-cu ft Gold Dredge eqiupped with Pla?er-type Pan-American Jigs (Yuba Mfg Co). For partial specifications, see Fig 846 


Stem gantry 
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and on its center line, to provide space for the digging ladder. Depth and size of hull depend on 
weight of machinery and material it has to carry; amount of freeboard, which is usually 2-3 ft» 
depends on length of hull and change of fore and aft trim occasioned by raising or lowering the dig* 
ging ladder. Width is usually 0 5 to l/s the length, according to area and arrangement of wash- 
ing equipment. Two longit main trusses, one on each side of center line, extending full length of 
the hull, provide stiffness and support the heavy machinery mounted on and above the main deck. 
The trusses are strengthened with additional members where concentrated loads occur, and are side- 
braced at 3 or 4 points in their length Hulls are fabricated or assembled in 4 ways: (1) standard 
steel; (2) pontoon; (3) bolted water-tight compartments; (4) wood. 

Standard riveted steel hulls, of steel shapes and plates, are fabricated into convenient 
shipping sections, set up for inspection in the shop, then dismantled, and finally assembled 
on the dredging property. This is the commonest type. 

Pontoon hull consists of rectangular welded steel boxes, 6 by 6 to 8 by 8 ft in section, 
and 16-30 ft long, corresponding to width of hull; when assembled crosswise of the hull 
and bolted together, the structure is practically unsmkable. When properly made, such 
a hull is as strong as the standard type. The pontoon hull, widely adopted since 1934, 
has permitted operation of many small properties where the standard dredge would be 
uneconomical, since this hull can be quickly dismantled and moved to another short-life 
property; one such dredge was moved to its third placer within 5 years. The pontoon is 
the only hull that can be assembled in the water, saving expense for foundations and 
launching; bolt holes below water line are temporarily plugged. There is also a saving 
in erection time. A standard hull requires 6-8 weeks for erection; the pontoon can be 
asembled in 4-6 days, and requires no trained mechanics. The same saving occurs in 
dismantling and re-erection. For example, the time for dismantling a 6-cu ft pontoon 
was 19 days; for ro-erection, 38 days. A standard dredge of same size would take 30 
days to dismantle and 100 days to re-assemble. Cost of dismantling the pontoon was 
$4 000, and of re-erection, $10 000; a standard dredge of this size would cost about 
$5 000 to dismantle, and $40 000 to re-erect. The mam disadvantage of the pontoon is 
the bulky nature of its components, of especial interest when ocean transport is involved. 

Bolted water-tight compartment type is designed to be put together in the field. When 
assembled, the hull consists of numerous compartments (not pontoons) the max size 
being adjusted to shipping conditions. As many pieces as possible are combined in the 
shop into a shipping unit, usually by welding, and all field connections are then bolted. 
This is economical for field erection and for ocean or other shipment. The hull is as strong 
as the standard type and practically unsmkable. 

Wooden hulls were exclusively used until about 1912, when the first steel hulls were built, but 
are now rare except in cold northern countries, where wooden hulls deteriorate slowly. In Calif, 
a wooden hull lasts 10-12 yr. Wooden bulla with steel superstructure have given excellent service 
in Calif, Ore, and Alaska. 

Gantries. At least 3 are required. Main-drive gantry is centrally located and sup- 
ports the upper tumbler, the main-drive gearing, the upper end of digging ladder, the main 
hopper, the save-all, and upper end of the revolving screen. Additional truss legs and 
heavy top chords with rigid braces are required bore to carry l:)oth live and dead loads 
which must bo distributed into the entire truss and hull structure. Dead load includes 
the main-drive gearing and half the wt of the ladder and buckets; live load is that due to 
thrust of the buckets while digging, and the side movement of the dredge when swinging 
back and forth across the pond. Bow gantry, at forwaid end of the hull, serves as a 
Cl OSS truss to stiffen the pontoons on each side of the well, and to support the suspension 
tackle attached to lower end of the ladder. Back guys of cable or steel tension members 
extend from its top to upper chords of the main truss. Stern gantry supports the spuds 
and the suspension for the stacker. Its lower end is usually pin-connected to top chords 
of main truss. Largo deep-digging dredges usually have 2 stern gantries, a short one for 
the spuds and a higher one for the stacker suspension. 

Digging end of a Calif dredge comprises an endless chain of close-connected buckets 
passing around tumblers at top and bottom of a ladder, which is pivoted at its top and has 
rollers to support the chain on the ascending side; the chain is driven by the upper 
tumbler. The ladder is raised or lowered by tackle hung from the bow gantry. 

Digging ladder consists of 2 parallel steel-plate girders with heavy top and bottom 
flanges, generally of double angles and cover plates, connected by closely spaced plate 
diaphragms; upper edges of the latter are below the top flanges and covered by a plate, 
thus forming a trough to catch spillage from the buckets. Ladders are 50-225 ft long 
and weigh 300-3 000 lb per ft. Rollers, closely spaced along the top of ladder to support 
the bucket chain, are of high-carbon chrome steel, press-fitted onto forged nickel-steel 
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shafts. Bearings are usually cast steel with replaceable C-I bushings. Different types 
of seals keep out abrasive substances. 

Buckets are in 2 parts, a manganese-steel base and a lip. The 2 front eyes of base are 
not generally bushed, since the pin is stationary at those points, but the back eye has a 
manganese-steel replaceable bushing to resist wear at that joint. Manganese-steel lips 
are either riveted or rivetlcss, latter now being more common. A riveted lip is fastened 
with 10-20 large rivets, which frequently loosen and involve loss of time and expense. 
The rivetless lip (Fig 849) is held in place generally by only 2 bolts, engaging lugs on bucket 

and hp on both sides of the center. A rivetless lip 
weighs considerably less than the riveted, thus 
saving waste of metal when discarded. Bucket pins 
are forged from high-carbon, chrome, or molybdenum 
steel, heat-treated for strength and hardness; the 
“L” head, to prevent rotation, is almost universal. 

Upper tumblers are generally of high-carbon cast 
steel, body and shaft cast integral. The 6 sides of 
the tumbler are protected against wear by heavy 
liners of forged nickel-chrome steel or cast manga- 
nese steel, and bolted in place. A 2-piece tumbler, 
with cast-steel body shrunk and keyed to a forged- 
9k:u ft bucket steel shaft, is often used, especially when transport 

Fig 849. Manganese-steel Bucket a problem. ... , t ^ 

with Rivetless Lip Lower tumbler, made circular, has a high flange 

on each side to guide the buckets around lower end 
of ladder. The body, in a single piece or 2 halves, is of cast manganese steel or high- 
carbon chrome cast steel, with replaceable manganese-stool weaiing plates. The press- 
fitted shaft is a nickel-steel forging. Bearings are of C I, with rubber seals or other 
means for excluding abrasive matter. 

Idlers. Ladders digging deeper than 75 ft often have the Perry idler (Fig 853). This 
is suspended in heavy bearings from lower side of ladder at about Vs its length fiom 
lower end; it reduces the drag of the buckets on the bottom, due to catenary, when tho 
ladder is at approx 45°, and diminishes the catenary load on tumblers and pins, thereby 
reducing wear on bucket bushings, pins, and lower tumbler bearings. Di edges digging 
over 40 ft deep usually have an idler at tho aft end of the well on lower deck of dredge, 
and so located as to engage the chain when the ladder is inclined at 35° or more below 
horiz. By thus keeping tho upper part of the descending chain at a fixed inclination, the 
clearance between save-all grizzly bars and the buckets may be reduced, affording a more 
efific save-all arrangement. 

Main drive. Small dredges drive the upper tumbler by a single set of reduction gears 
at one end of tumbler shaft; larger dredges have 2 sets of reduction gears, both ends of 
the shaft being driven. All gears, pinions, and bearings are of cast steel; shafting, forged 
nickel steel. A brake wheel on one end of the jiulley shaft provides for emergency and 
for repairs to the bucket line. Recent improvements in diive mechanism: (a) single 
motor, close-coupled by V-belts to pulley shaft; (5) 2 motors, each diiving a pulley shaft 
by V-belts, have proved advantageous on large dredges requiring a total of 200-600 hp 
for main drive. Motors are a-c or d-c; advantage claimed for latter is better control of 
bucket-line speed under variable load, but entailing added expense for motor-generator. 
Dredges working in easy ground have been speeded up to 40-45 buckets per min, but 
24-28 buckets per min for dredges up to 7.5-cu ft capac, and 20-23 buckets per min for 
larger dredges, is usual jiractice. 

Main hopper receives material dumped from buckets as they pass over upper tumbler; 
it is of steel plates and angles and has a lining of wear-resistant metal. A shoi t half-round 
chute directs the material into the screen; it is lined with alloy -steel bars 2-3 in thick. 
When large boulders are numerous, the hopper back may have a coarse grizzly hinged at 
one end; on appearance of a boulder, the grizzly is lowered, mechanically or pneumatically, 
into position to intercept it and then raised to discharge it overboard, via chute or conveyer. 
Spill from buckets is caught on a fixed grizzly surmounting a rifl3ed sluice, the “save-all.” 

Screens. Roller-mounted trommels have displaced all other types of screen, chiefly because of 
their vigorous disintegration of clay-bound or partly cemented gravel; disintegration is hastened by 
adding hfters or other tumbling devices inside the screen. Abundant water at press of 20-40 lb per 
sq in is supplied through nozzles or spray pipes to aid discharge of fines. Screens are from 4.5 ft diam 
by 24 ft length for a small, 2.5-cu ft, dredge, to 9 by 52 ft for an 18 or 20-cu ft dredge. Ends of screen 
are blank plates with replaceable liners; tread rings fastened outside of each plate Rib bars 
(6-9-in heavy angles, bars, or channels) connect the end plates and provide longit support. The 
perforated plates are in sections 2.5-6 ft long and wide enough to span the gap between outside rib 
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bars; sections are small enough for easy handling on replacement; countersimk bolts with spring- 
lock washers are used for fastening. Material for perforated plates is high-carbon or other abrasion- 
resistant rolled steel, or cast manganese steel. Thickness is 3/g in for small to 7/g in for the largest 
screens. Diam and spacing of holes depend entirely upon character of material to be washed. To 
counteract excessive discharge at head of trommel, perforations at this end are often smaller and 
farther apart than elsewhere. A common size of hole is 6 /jq in on the inside, enlarged to 8/5 or T/ig 
in on the outside; tapered holes have less tendency to blind The bridge between holes is from 0.5- 
1 5 in, diminishing towards discharge end of trommel. Where coarse nuggets occur, the plates at 
lower end of screen are usually slotted, 6/g by 8/4 m to 1 by 1 1/4 in. The tread rings on which the 
trommel rotates are high-carbon or chrome-steel machined castings. The upper ring is carried on 2 
idler rollers, the lower on either a central drive roller or on 2 rollers, one of which is driven. As the 
screen is inclined at 1-1 75 in per ft, thrust rollers are required; these engage a tapered machined 
face on lower edge of lower ring The drive roller is actuated by reduction gears direct- or belt- 
connected to a motor; flat belts have been common at this point, but gear reducers and V-belt drives 
are now more frequent, occupying less space and giving higher effic. Peripheral speed of trommels 
is 150-200 ft per min (6-14 rpm), depending on diam of screen and kind of material being washed. 

Stacker hopper. Oversize from the screen falls into a steel-plate hopper, lined, at points of 
greatest wear, with heavy plates or bars; it delivers to stacker belt through a chute, the ^scharge 
end of which is fitted with a mild-steel casting and manganese-steel liner shaped to change the direc- 
tion and veloc of the stream to correspond with that of the belt, saving wear on the latter, The 
hopper often has a gate which diverts the material into a sluice discharging over the stern of the 
dredge; this provides a good footing behind the spud and saves power, since the stacker may be shut 
down meanwhile 

Stacker. The frame carrying the conveyer belt comprises 2 parallel structural-steel trusses, 
tied top and bottom and at each panel point wuth cross-braces Its lower end is hinged on a shaft 
permitting the stacker to be raised or low'cred "When a swinging stacker is required, an additional 
vert swivel allow's movement of approx 15^ to either side of the center line. Inclination of stacker 
is limited to 20°, in moat cases, 15°-18° is satisfactory. Stacker is suspended from the stern gantry 
cap by 1 or 2 wire-rope tackles fastened at 2 or sometimes 3 points It is raised or lowered by a line 
from the swing winch, or preferably from a separate small winch having a self-locking safety device 
(worm gear or automatic friction) which will necessitate lowering as well as hoisting by power, and 
thus prevent careless dropping of the stacker The steel head pulley is lagged with rubber Length 
of stacker depends chiefly on digging depth and nature of material. Knowing the swell (usually 
about 33'^t )» the digging depth, and allowing clearance for outer end of stacker inclined at 18°, the 
required length can be computed Due to the extreme length of hull of large deep-digging dredges, 
the lower end of the screen is so far inboard from the stern that a short auxiliary stacker (Fig 863) 
may be placed betw-een the screen and main stacker. 

Anchorage. For maneuvering dredge by spuds and lines, see ''Digging procedure,” 
below. If there aie 2 spuds, they are usually placed in line with the main fore and aft 
trusses; a single spud (as found on many modern dredges) may be near the center line of 
dredge or in line w ith the starboard (right-hand) truss. 

The SPUD is of plates and angles, or of wide-flanged beam sections with heavy cover plates. Bot- 
tom of spud hsis a massive cast-steel point, and its upper end carries sheaves for the hoisting tackle, 
which 18 suspended from the stern gantry cap. Lower spud keeper, acting as cushion between spud 
and hull, is of steel with a self-adjusting rocker element to accommodate changes in position and 
maintain a broad bearing against the spud Resistance to twisting is afforded by heavy brackets 
fitted with replaceable liners In the upper keeper, tendency of the spud to move away from the 
dredge is counteracted by an outside cioss-beam connected to the upper truss members by heavy 
rods and coniprt^siou springs A iie\dljne, sometimes replacing a spud in very easy digging, is 
a wire rope about 1 r)-in diam, fastened to a deadnian 50()-l 000 ft ahead, and held taut by a winch 
on the dredge Where the dredge is making a wide cut, a number of “pennant” lines are spaced 
across the full width, and the lieadline is attached to these in most convenient positions. Sidrlinsb, 
one at each corner of dredge, arc anchored ashore, and control lateral movement by winches on the 
boat. 

Winches are for (o) adjusting incUnation of ladder and buckets, the “ladder hoist”; (6) control 
of side lines (the “swing winch”); (c) hoisting of spuds; (d) adjusting slope of stacker; (c) holding 
pull on headline; (/) niiscel purposes, as handling of heavy machinery. Grouping of winch drums, 
and their power, vary with size of dredge. Small dredges, to 5-cu ft capac, have a combination 
ladder hoist and swing winch, mcluding 2 drums for bow lines, 2 for stern lines, 1 or 2 for spud hoists, 
1 or 2 spares, and the ladder-hoist drum. Gearing is so arranged that each may be operated indi- 
vidually, and each drum has expanding-type friction and a band brake. On larger dredges, the 
swing winch includes all drums except for the ladder hoist Either the bow or stern lines, spud, and 
spare lines may bo operated as a unit. Instead of combining all drums m one winch, some dredges 
have independent bow- and stern-line drums; spud and spare drums are then in another unit, thus 
requiring 3 motors (usually a-c). Several dredges have had d-o motors for the bow-line winches, 
with automatic elec control to maintain constant pull on bow lines. Ladder hoist, on the larger 
dredges, is a separate unit actuated from the main-drive motor, through pulleys and clutches, or 
from an individual motor through V-belts or a gear reducer. The drum is divided by a central 
flange, and 2 ropes lead off to the suspension; on smaller dredges, only 1 rope is required. For 
DUVP-ura'QXHQ DREDGES, with Very heavy ladders wid long bucket linee, the ladder wineh has 2 
separate drums, driven by 4()0-6(X)-hp motor, direot-oonnected to a gear reducer, oomiied to an 

1—30 



10-584 


PLACER MINING METHODS 


intermediate shaft by herringbone gears. A herringbone pinion drives the first drum, the gear of 
which engages a pinion on an idler shaft driving the second drum. The motor has an elec brake; a 
heavy wheel with band brake on the idler shaft may be pneumatically controlled from the winch 
room. An automatic control electrically connected with the motor control is used on many modern 
dredges, to limit the high and low positions of the digging ladder and the max speed at which the 
ladder may be lowered. 

Pumping equipment usually includes a high-press, a low-press, and a small auxiliary 
pump, all centrifugals. The high-press pump discharges at 60 to 80-ft head into the 
screen at both ends, or from a pipe with adjustable nozzles, extending through full length 
of the screen. The low-press pump discharges at 30 to 40-ft bead opposite the head of 
each cross sluice. Pump sizes depend upon amount and kind of material washed; ratio 
of water on the tables should be 8-12 times the solids. Auxiliary pump, 2.5 to 4-in diam, 
at 60 to 80-ft head, is used for washing deck, fire outlets, and priming the larger pumps. 
In dredging clay or other sticky material, an extra 6 or 8-in pump supplies water at about 
120-ft head for nozzles directed against the buckets as they dump into main hopper. 
Pumps should have liners, as the pond water may contain abrasive matter. Pumps are 
direct-connected by flexible couplings to motor on same base, each having a suction check 
valve above water line. 

Combination mud and monitor pump is used on dredges digging 80-125 feet deep and with a 
high bank, where tailing sludge tends to flow out along the bottom of the pond to the bucket line 
This pump is about 8-in diam, developing 250-ft head For extracting mud, the suction extends to a 
point near the lower ladder tumbler, the discharge pipe passing aft to the end of the stacker (Fig 
853). When serving a monitor, suction comes from the strainer box and the discharge supplies a 
nozzle at the dredge bow; this washes down a bank which does not cave by itself, to avoid a cave- 
in which might bury the Egging ladder. 

Strainers protect suction inlets against floating debris or water-logged material. A frame 
covered with galvanized wire cloth with 3/g in openings is usually adequate, but removable per- 
forated plates may save some labor. A self-cleaning, revolving suction box is satisfactory. It con- 
sists of a wheel, 10-14 ft diam by 3-4 ft wide, framed of angle-iron and covered with wire cloth 
Buckets around the inside periphery are filled from a small nozzle for turning the wheel. Debris 
outside the screen may be scraped or blown off as the wheel revolves. 

Power for elec motors roaches the dredge, from shore, by rublier-oovorod or Rtecl- 
armored cable, supported on floats. Voltage, 6 900-2 200; 3-phase, 60-cycle cunont is 
usual. Operating voltage on the dredge is 440, delivered by 3 single-phase transformers. 

Starters are usually distributed among 3 boards, 1 in winch room for the main drive and swing 
winch, 1 on main deck for the pumps, and 1 at stern for the screen, stacker, and sand elevators. 
Pump motors are constant-speed, those for mam driv'e, winches, screen, and stacker, of variable- 
Sfieed, reversible type Control is by a breaker and a starter for each motor, the variable-speed 
motors have C-I resistance grids Main-drive has a magnetic reversing controller, with line protec- 
tive, primary, and secondary panels Motor controls include a thermal overload protection device 
with a push button for resetting In isolated places without elec pow'er, dredges have 440-volt 
Diesel-elec generators. Motor equipment as above. 

Digging procedure. Digging starts at top of the ground ahead of diedgc. Forward 
end of ladder is swung slowly from side to side of intended cut by the side lines. At end 
of a swing, the ladder is lowered for a deeper cut on the return ti ip , bedi ock, when reached, 
is scraped if its nature permits. On raising the ladder, the dredge is moved ahead for the 
next cut. To make the forward movement, and maintain position while digging, the dredge 
may have (a) 2 spuds, (5) 1 spud, (c) headline; side lines are always necessary. For 
“stepping ahead” with two spuds, the dredge swings to right of the cut, turning on the 
“digging” spud as a pivot; the port (“stepping”) spud is then lowered and the other 
raised; after swinging to left, the digging spud is low'ered, stepping spud raised, and 
dredging proceeds. 

With a SINGLE SPUD, the stern lines are anchored well ahead of the dredge; by pulling on them, 
after raising the spud, the dredge is moved. This method is quicker than with 2 spuds, due to fewer 
operations, but not always applicable. Headline stepping (and digging) is practicable only under 
easy digging conditions, as in Malayan and other tin fields (Art 132) ; rarely on gold dredges. When 
operating ff,om a headline, swinging as usual by the side lines, hard ground offers difliculties in keep- 
ing the buckets efl5ciently at work. 

Gold-saying equipment, treating undersize from the screen, includes: (a) distributer; 
(5) riflfied tables; (c) roughing jigs, preceding or following the tables; (d) clean-up box or 
jig; (e) mercury trap or other form of amalgamator; (/) retort and melting furnaces; 
(g) sand wheels or elevators sometimes aid disposal of tailings. Fig 850, 851 show alter- 
native flowsheets, with and without jigs. 
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Distributer is a steel housing enclosing the trommel. Its sloping bottom is partitioned 
into pockets corresponding in number to the tables; partitions have adjustable gates to 
equalize distribution; when wide open, the gates facilitate cleaning-down the bottom of 
distributer. If gold is coarse, riffles are customary instead of partitions, discharging over- 
flow into an outside longit distributing sluice; this has the advantage of spreading the flow 
more thinly over more tables than could be grouped close to the screen distributer (Fig 
850-B). In the usual type of distributer, sand discharges from its bottom, on both sides, 
by water applied at 15-lb press through 1.6-in nozzles in headers fed by low-press pump; 



I''ig850. Flowsheets of Gold Dredge equipped Tables. A — Conventional type. B — Improved 

Arrangement 

a short sluice opposite each nozzle leads to adjoining table or roughing jig; uniform dis- 
tribution aids effic of recovery. 

Tables are rectangular steel sluices, 21-32 in wide, placed crosswise of the hull and 
sloping 1.25-1.5 in per ft outwardly toward both sides. In Fig 850, 851, the alternative 
arrangements are only for illustration; a given dredge will be equipped symmetrically. 
Total table area, in absence of jigs, depends upon size and character of gold, fine gold 
requiring more area; recent dredges have 200-500 sq ft per cu ft of bucket capac. 

Enlarged table area, for large dredges, may be secured without proportionate increase of hull 
area, in 3 ways: (a) Double-bank tables, having an upper deck permanently fixed 6 ft above the 
lower, requiring corresponding increases in height of upper tumbler and length of digging ladder and 
bucket line, entailing added wt. (b) Double-deck riffles; sluice has a false bottom of 10-gage plate, 
supported from the sides about 8 in above true bottom and similarly riffled, (c) Telescoping or 
nesting sluices; upper sluice fits between sides of the lower; it is hinged at one end and can be 
raised by tackle, the 2 decks being similarly riffled; this allows faster clean-up than the fake-bottom 
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sluice. Outer ends of all tables discharge into longit sluices carrying tailings to stern of hull and 
dropping them 15-20 ft overboard; bottoms of tailings sluices are often riffled to catch escaping 
gold or amalgam. 

Wooden Hungarian riffles (Art 125) are almost universal. Common size, 1.25 by 
1.26 in, spaced 1.26 in; tops protected by steel or rubber strips in thick by 1.5 in 



Fig 851. Flowsheets of Combination Jig and Table Dredge. A — Houghing jigs ahead of tables. 
B — Roughing jigs following tables Arrangement of cleaning jigs is same in either case. 


wide, the 0.26-in overhang being on the downstream side. Riffle bars, usually 6, are made 
into frames about 13.6 in wide; length corresponding to width of table. The frames are 
held to bottom by 1.5-in sq battens, wedged under angle-iron brackets riveted along sides 
of table. Mercury trap riffles are usually placed at intervals along a table. 

Jigs are especially useful on gold dredges (common also on tin dredges, Art 132), when 
gold resists amalgamation or is largely in scales or very fine particles. Jigs are designed 
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for large capac in small space (Fig 846, 847), made possible by the extremely small ratio 
of concentrate to feed, as compared with ore-concentrating jigs (403). 

Fig 851 shows alternative positions of roughing jigs with respect to tables. In either case, the 
hutch product, and concentrate from riffled tables, is re-treated on 2 cleaner jigs, the second re-treat- 
ing the hutch from the first, both discharging tailings Final product may pass through a small ball- 
mill amalgamator; final recovery of gold is usually on amalgamated plates. Black-sand concen- 
trate containing metals of platinum group, resisting amalgamation, is treated separately. 

Clean-up of sluices. 'After stopping the flow over a table, the riffles are removed, 
washing any adhering material into the sluice. With a small stream of water the material 
is washed to the lower end, which is fitted with a wooden stop about 3 in high ; here most of 
the light sand is scraped or washed off ; the rest, mostly black sand and amalgam, is shoveled 
out and transferred to the “clean-up box,” a steel or wooden receptable of about 1-cu yd 
capac, which collects concentrate for further treatment. From an orifice in lower end of this 
box, the concentrate is washed, a little at a time, over a sloping plate, to extract heavy 
foreign matter, and thence into a mercury trap. Excess of free Hg collecting here is tapped 
off and re-used, the heavier amalgam being removed by hand for subsequent treatment 
(Sec 33). Sands overflowing the Hg trap then pass through a Long Tom (Art 119), 12-16 ft 
long, riffled on cocoa matting; discharged sands return to the initial tables, or may be 
further treated in a ball-mill, or by smelting. 

Sand tailings. Tailings sluices usually empty into the pond behind and from both sides of 
dredge; when working a high bank consisting largely of sand, tailings so discarded may interfere with 
floating the dredge stern, and must then be disposed via the stacker. In such case, the tailings 
sluices discharge into sumps, from which water overflows to the pond while sands arc lifted by wheel 
or bucket elevator and delivered by chutes to the stacker. Sand wheels, with light steel frames, are 
12-16 ft diam; buckets, 2-3 ft wide; they are chain driven from 7 5-10-hp geared motors. Bucket 
elevator, of either chain or belt type, occupies less space and permits a higher lift when necessary. 

American dredge manufacturers: Bucyrus-Erie Co, So Milwaukee, Wis; Marion 
Steam Shovel Co, Marion, Ohio; New York Engineering Co, New York; Yuba Mfg Co, 
San Francisco. 


128. GOLD DREDGING 

Introductory. Gold dredging is a subject of great detail; for a general discussion, see ( 386 , 403 , 
409, 437, 438, 614, 627). In ^e U S, gold dredging began about 1898; by 1927, with price of gold at 
$20 67 per oa, the known areas suited to dredging were largely worked out, thereby forcing a search 
by American companies for dredging ground in foreign countries, such as for tin placers in the Malay 
States (Art 132) and gold placers in Colombia, Central America, New Zealand, and elsewhere. The 
increase in price of gold to $35 per o* in 1933 stimulated activity in gold dredging in the U S. In 
recent years, the relatively inexpensive dragline dredge (Art 129) has been widely applied to small 
and shallow deposits, but the chain-bucket dredge (Art 127) is best for large operations in low- 
grade gravel Recent improvements in design have also permitted the chain-bucket dredge to work 
graveb at much greater depths than were formerly considered accessible. 

Requirements and limitations. Deposits suited to dredging are extensive river-bar 
and gravel-plain placers (Art 117), occurring chiefly in geologically old districts. Require- 
ments as to bedrock, character and size of gravel, effect of boulders, cemented gravel and 
buried or standing timber, ordinary limits of dredging depth, water for dredge ponds, etc, 
are summarized in Art 118 and Sec 25, Art 7, Other considerations affecting choice of 
method and operation and design of dredge are: Character op gold. Very fiine flaky 
gold, like that on Snake River, Idaho, requires addition of special equipment (usually 
jigs) to the other gold-saving devices, (hoarse gold sometimes modifies the form of 
apparatus required. “Rusty’' gold may entail special methods of recovery. Gradients. 
Dredging is inherently applicable to largo flat deposits, where lack of grade prevents 
hydraulicking; small topographic irregularities and flat surface or bedrock gradients 
affect only the height of bank carried above water level. Some dredging has been done 
on grades as steep as 6%, requiring dams to maintain a pond (431). Frozen gravel 
must be thawed before it can be dredged (Art 131). Floods. Dredging in beds of tor- 
rential streams is precarious, due to danger of being wrecked. Climate determines 
length of working season and hence the annual output and return on investment for a 
dredge of a given capac. Min gold content of workable gravel is higher where the season 
is short than where operation is continuous. Cold climate increases costs, because the 
dredge must be heated and its equipment protected from accumulations of ice. See Bib 
(408, 432, 409) for description of successful winter work. Transport facilities are 
more important than for other forms of placer mining. Weight of the machinery is large, 
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even for small dredges; attempts to sectionalize a dredge for muleback transport have 
not been successful, but sectionalizing into units capable of transport by trucks and 
aeroplanes (see Bulolo) has been accomplished. High first cost where good roads are 
lacking militates against construction of large boats in remote regions (385, 433). Labor. 
A small crew can handle a large yardage; all but a few roustabouts are skilled men. 
Cheap POWER is essential. Total yardage must be sufficient to amortize the initial 
investment and yield desired profit. A choice often exists between use of one dredge, or 
several of different sizes, with corresponding alternatives in first cost, rate of return, and 
life of property (Sec 25, Art 14). Closer estimates of this kind are possible on well 
explored dredging ground than on any other form of mining property. An attempt is 
usually made to adjust the rate of working, and hence life of property, to the life op 
DREDGE. This is practically the life of the hull, as the machinery is repaired or renewed 
as necessary. The machinery is often dismantled, after working out an area, and installed 
elsewhere at moderate cost on a new hull. Constant running at max capac is essential 
to low working costs; hence construction and operation of a dredge must be planned to 
minimize delays. Following examples illustrate dredge work under various conditions. 

Central Calif. Data in Table 124, relating to 10 dredges in the Folsom and Oroville 
districts, were supplied originally by R. G. Smith, Mgr of the Gold Dredging Dept of the 
Natomas Co, in 1917. Table 124 has been condensed, by F. M. Blanchard, from 4 tables 
on pp 938-941 in 2d edn of this book (revised only as to history) Mr Smith submits 
following comments in Feb, 1940, concluding that present aver operating costs per cu yd 
are slightly lower than in 1917, in spite of increased prices for labor and materials. Wages 
per hr on Calif dredges, 1940: wmchmen, 82.5ff; oilers, 67.5f!f; laboreis, 55-60ff; com- 
pared with 1917, these wages represent increases of 83% for wmchmen, 93% for oilers, 
84% for laborers. Total labor charges have increased by 85%, about equal to increase 
in hourly rates. Materials. Comparison of unit prices is not practicable, but total 
costs for materials have increased 30% over 1917. Power rates to large consumers, 
equipped to take service at high voltage, have been reduced about 20% since 1917; but 
total power charges have increased about 23% with longer hours and larger yardage. 
Water charges have risen 175% since 1917. General expenses show apparent increase 
of about 90% in total, possibly explained in part by changes m accounting methods, 
some general expenses having formerly been charged to operation. Total operating 
COSTS have increased by more than 50% since 1917. Annual yardage. Dredges of nearly 
all sizes have greatly enlarged their yearly output since 1917, through increased speed, 
longer running times, and improved mechanical effic; increase in yardage, though widely 
variable, has averaged about 70%. Cost per cu yd. Balancing the above items indicates 
a slight decrease in operating cost since 1917. Taxes and insurance have increased 
about 70% , and amortization allowance should be 90% greater. Finally, Federal income 
TAX is an item much more oppressive now than in 1917 (see Sec 24). 

Oroville, Calif. Data from C. M. Romanowitz in 1940. Dredging conditions in this 
field are considered unusually favorable. One 9-cu ft dredge (a frequently adopted size) 
during a period of 1 363 days averaged 290 000 cu yd per mo from depth of 50 ft. Others 
of same size, under favorable conditions, have handled 3 500 000 cu yd in a year. 

Calif “ deep-digging ** dredges. Data from C. M. Romanowitz in 1940. Two 
notable examples of 18-cu ft dredges operate m the Yuba River field, at Hammonton; 
Yuba No 17 began July 17, 1934, and No 20 on Apl 24, 1939. No 17 has dug 112 ft 
below water, with bank of 56 ft; No 20 digs at 124 ft below water, with same height of bank 
as No 17. During a 1 363-day period. No 17 averaged 310 000 cu yd per mo, from aver 
deptli of 110 ft. Usual max depth dug by other dredges in same field is about 80 ft; 
one such dredge, of 18-cu ft capac and digging in easy gravel at aver depth of 68 ft, 
handled 415 (KK) cu yd per mo during a period of 1 287 days. Another, of same size, but 
with more modern digging facilities, during 704 days averaged 450 000 cu yd per mo from 
76-ft depth in tougher gravel. Below 90 ft, the formation at Hammonton is tighter and 
harder (though not cemented) than at shallower depth. These deep-digging dredges 
require special design and equipment. Fig 852 and 853 are respectively plan and side 
elev of an 18-cu ft dredge designed to dig 124 ft below water. The Perry bucket idler 
and the Yuba mud-pump system (Art 127) give good results. While these dredges are 
effic, they can not mine as large yardages, in proportion to their bucket capac, as those 
working at shallower depths, chiefly because the operator can not “get the feel” of the 
work as well as on smaller dredges. The longer time the buckets take in traveling to the 
surface makes it impossible to determine promptly whether they are digging to full capac. 
T^ unit operating costs of these deep-digging dredges are higher than those of shallower 
dredges, due to smaller yardage and higher cost of replacements. F. C. van Deinse, 
V-Pres of Yuba Consol Gold Fields, states that costs for operating the deep-digging dredges 
are 1.33^ more per cu yd than for shallower dredges in the same fields. 



Table 124. Operating Data and Costs on 10 Dredges, Folsom and Oroville Dists, Calif, 1912-16 
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Digging motor, hp 

Total hp 

Ladder length, ft 

Table area, sq ft 

Operating data: 

Period 

Total days worked 

Aver hr; mm per day. . . 

Avct annual yd 

Aver yd per hr 

Digging range, ft 

Costs per cu yd: 

Labor 

Supplies 

Power 

Water. 

Repairs: 

Labor 

Supplies 

General expense 

Totals .. 





Stem gantry 
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PLACER MINING METHODS 


Northern Calif. Data in Table 126, from C. V. Averill (410) , relate to 4 of the 7 chain- 
bucket dredges working in Shasta, Siskiyou, and Trinity counties in 1936-37. I. Junction 
City Mining Co, on Trinity River. II. Roaring River Gold Dredging Co, 15 miles W of 
Cottonwood. III. Yreka Gold Dredging Co, just N of Yreka. IV. Yuba Consol Gold 
Fields, on Scott River, near Callahan, 


Table 125. Chain-bucket Dredges Operating in Nor Calif, 1936-37 (410) 



I 

II 

III 

IV 

Hull construction 

3 1 steel pontoons 

steel pontoons 

1 9 steel pontoons 

steel, no pontoons 

“ area, ft 

120 X 52 

75 X 36 

82 X 42 

123 X 56 

** depth, ft 

8. 1 

6 

7 

10 

** control 

] spud 

1 spud 

1 spud 


Bucket line, type 

close 

close 



Buckets in hne 

79 

72 



Buckets per min 


36 



Bucket capac, cu ft. . . 

91/2 

3 

6 

9 

Max depth below water, ft. . 

45 


25 

35 

Trommel size, ft 

(i) X 7 

23 X 4 1/2 

34 X 6 

48 X 8 

" holes, in 

3/8. 1/2. 2 

1/4. 3/8. 1/2, Vs 

3/8. 1/2. Vs. 3/^ 

3/8. V?, Vs 

Riffles 

Hungarian 

Hungarian (c) 

(r) 

Hungarian 

Total riffled area, sq ft 



1 600 

3 500 

Wash water, gal per min 



5 000 

10 000 

Stacker length, ft 

135 

56 

90 


“ belt, width, in . . . . 

36 

24 

36 


Motive power 

electricity 

Diesel 

electricity 

electricity 

Hp for digging 

200 



100 


“ “ trommel 

35 


95 

40 


** '* winch 

35 



(/) 55 


** “ high-press pump 

50 



60 


“ “ low-press pump. . . 

50 



15 


** “ auxiliary pump 

50 


(d) 95 



** ** small aux pump 

25 



3 ’ 


** “ stacker 

50 



25 


Total load, hp 

495 

190 

298 

(A) 750 

Aver monthly yardage 

240 000 

60 000 

145 000 

210 000 

Aver crew (3 shifts) 

24 

18 

11 

23 

Approx cost of dredge 

$250 000 (a) 


$ 1 60 000 


Cost per cu yd, i 

(5) 4 98 


(^) 4 80 



(a) New hull; some used machinery (6) Incl labor, materials, power, ordinary taxes, and 
general expenses, but excl deprec and royalty, (c) Covered with rubt^r strips instead of usual iron 
{d) Two 8-in pumps at 40- and 60-ft heads. (e) Some l}it-in steel angles, some wood, shod 
with steel or rubber (/) Compressing air for operating winch (g) Excl deprec and royalty 
(h) Machinery mainly of sizes usually installed on dredges with larger buckets, due to difficult 
digging, (t) Not reported. 


Centerville, Idaho. Data from O. H. Metzger in 1938 (428). Gravel, 20-25 ft deep; 
deposit, 800-1 000 ft wide; 80-85% of material is finer than 0.5-in; largest boulders 

6-8 in. Gold is mostly concentrated in 3-5 ft of 
gravel on granite bedrock; about 1 ft of bedrock 
is excavated where possible, but in places it is 
so hard that only a few inches can be taken 
Dredging is carried full width of placer bed 
upstream. Dredge is all-steel with 2 spuds. 
Bucket line has 79 6-cu ft buckets, dumping at 
22 per min; rated capac, 6 000 cu yd per 24 hr. 
Dredge takes a 6-ft cut and makes a sweep of 
about 100 ft. Trommel undersize goes to Pan- 
American jigs, where most gold is recovered; jig 
tailings are riffled. Payroll for the three 8-hr 
shifts (1937): 1 dredgemaster (salary); 3 winch- 
men @ $6.25; 6 oilers @ $5.00; 1 mechanic @ 
$6.50; 2 extras @ $6.00. A manager and an 
electrician are the only employes besides the 
regular dredge crews. Table 126 shows costs for 
dredging 1 596 000 cu yd in 1936. 

Fairbanks, Alaska. Data from H. W. Rice, V-Pres U S Sm, Ref & Min Co, referring to 
operations in 1931, and quoted by Gardner and Johnson (18). Co was then operating 


Table 126. Cost of Dredging at 
Centerville, Idaho, 1936 



i per cu yd 


1 374 

Supplies 

0 546 

Replacements and repairs. . 

1 118 

Electric power. . . 

0 754 

Transportation and express. 

0 118 

Accident compensation ins . 

0.043 

Unemployment insurance. . 

0.014 

Depreciation on dredge . . 

1 021 

“ “ automobile 

0 012 

“ “ caterpillar . 

0 084 

General and overhead 

1 0 490 

Total 

i 5 574 
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3 dredges on Goldstreazn Cr and 2 on Cleary Cr, respectively 14 and 25 miles from Fair* 
banks, where the company’s steam-driven, elec plant of 8 125 kva capac was situated# 
Power distributed to dredging areas at 33 000 volts. All the gravels were permanently 
frozen, and covered with frozen muck to 120 ft depth. Moss, tundra and as much muck 
as would thaw naturally were stripped hydraulically with water brought 90 miles by 
ditch, siphons, and a 4 000-ft tunnel; capac of water system was 5 000 miner’s in (deliver- 
ing at press of 80-160 lb), practically all of which was used in stripping. Gravel thawed 
by cold water (Art 131), between about May 10 and Sept 20. Gravel 35 ft or less in 
depth was thawed by driven points at 16-ft c-c, requiring about half a season; in deeper 
gravels, points were set in churn-drilled holes 32 ft c-c, and thawing might not be com- 
pleted in a whole season. Normally, enough gravel was thawed ahead of each dredge to 
provide a full season’s work, usually about 210 days; re-freezing during winter penetrated 
only 7-8 ft, which depth thawed naturally early in summer. In season of 1931, stripping 
amounted to 7 011 000 cu yd, or 52 000 cu yd per day; thawing, 8 133 000 cu yd, or 
64 000 cu yd per day; the 5 dredges dug 6 916 000 cu yd of material, or 30 800 cu yd per 
working day. Gravel contained few boulders over 12 in, and little clay. Gold was mainly 
close to bedrock, and might penetrate 5 ft into it, if of blocky schist. Table 127 gives 
construction and operating data on the dredges. Following additional features were com- 
mon to all : hulls, all-steel, assembled in the field; housings, stacker, and ladder all heated; 
each hull had 2 spuds in the stern; bucket-chains, close-connected; trommels, pitching 

1 6/8 in per ft, had successively s/g-, 1/2-, and 6/g-in holes in upper 3 segments, followed by 

2 segments with 7/g by 1 1/2-in and 1 i/g by 1 3/4-iii slots; nearly all of gold was finer 
than 8-mesh, with a few nuggets up to 1 oz; transverse tables sloped 1.25 in, and longit 
tables 1 1/8 in per ft; Hungarian riffles were 1-1.25 in deep, 1 in wide, 2.25 in c-c. 


Table 127. Data, Fairbanks Dredges, in 1931 


Dredge No 

2 

3 

5 

6 

8 

Creek 

Coldstream 

Cleary 

Cleary 

Coldstream 

Coldstream 

Aver depth dredged, ft 

45 2 

46.5 

33.5 

22.3 

18.9 

Hull, length, ft 

128 

148 

108 

108 

99 

“ width, ft . . . 

60 

60 

60 

60 

50 

“ draft 

9 / yf 

8 ' 1 1 " 

6 ' 10 " 

6 ' 5" 

7 / 9 // 

Total depth dug, ft 

64 

78 

53 

53 

44 

of which, under water, ft 

48 

60 

36 

36 

28 

Buckets in line 

93 

104 

78 

78 

68 

Bucket capacity, cu ft 

10 

10 

6 

6 

6 

Trommel, length 

44' 7 1 / 2 " 

44' 7 1 / 2 " 

43' 01 / 2 " 

43' 0 1 / 2 " 

36' 2 1 / 2 " 

" diam, ft 

8 

8 

6 

6 

6 

“ speed, rpm 

6 74 

6.74 

89 

8.9 

8.9 

Tables, total area, sq ft . . . 

4 535 

4 535 

2 125 

2 125 

1 460 

High-press pump, size, in 

14 

14 

12 

12 

10 

press, lb per sq in 

27 

27 

25 

25 

22 

gal per mm. . . 

5 500 

5 500 

4 000 

4 000 

4 000 

Low-press pump, size, in . 

14 

14 

12 

12 

10 

press, lb per sq in 

14 

14 

14 

14 

11 

gal per min 

5 500 

5 500 

4 000 

4 000 

3 000 

Hopper pump, gal per mm 

Motor hp : 

1 000 

1 000 




Digging 

250 

250 

150 

150 

150 

Trommel 

75 

75 

60 

60 

40 

Stacker 

50 

50 

25 

25 

25 

High-press pump. . . ... 

150 

150 

100 

100 

75 

Low-press pump ... 

75 

75 

60 

60 

40 

Hopper pump 

40 

40 




Swing winch 

40 

40 

25 

25 

25 

Others (4) 

69 

69 

69 

69 

69 

Total connected load 

749 

749 

489 

489 

424 

Aver load, hp 

640 

640 

360 

260 

260 

Max 3-min peak, hp 

925 

925 

455 

360 

470 

Width of cut, ft 

120-190 

150-230 

100-180 

90-170 

70-100 

No of cuts 

2-4 

2-3 

2-7 

2-5 

2-3 

Aver width of advance, ft 

471 

349 

445 

395 

310 

Distance advanced in season, ft 

1 482 

3 061 

2 302 

3 634 

5 057 

Operating days (3-shift> 

204 

224 

226 

225 

243 

Aver cu yd per day. ... 

5 800 

8 770 

5990 

5 600 

5 040 
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Platinum dredging in Alaska. Data in Table 128, contributed by 0. J. Johnston, 
Treas and Mgr of Goodnews Bay Mining Co, relate to a Yuba 8-ou ft dredge with 

steel pontoon hull, operating 
on Salmon River and its trib- 
utary creeks, lower Kuskokwim 
dist. 

Yukon Consol Gold Corp, Ltd. 
Data from W. H. S. McFarland, 
Gen Mgr (434) and G. R. F. 
Troop, Direc and Sec’y-Treas 
(435) in 1939. Accompanying 
statistical and cost tables were 
contributed personally by Mr. 
McFarland in 1940. 

General. Co, with headquar- 
ters at Dawson, Y T, controls 
about 1 000 sq miles of placer 
claims and leases distributed along 
Klondike River and tributaries, 
pmd along several north tributaries of Indian River, south of the Klondike. Of 92 000 000 
cu^yd of gravel (containing gold worth $41 000 000) proved and in reserve at end of 1938, all 
except 8 000 000 cu yd of hill and bench gravels (to be hydraulicked or draglined) lies in 
creek valleys adapted for dredging. About two- thirds of the tested area was worked 
previously by drift or hydraulic mining; of 10 dredges operating in 1939, six were re- 
working such gravel. Only 2 dredges, those farthest downstream on the Klondike River 
and Bonanza Cr, worked in natuially thawed gravel; elsewhere, the gravel was almost 
completely frozen. Gravels in Dawson dist rarely exceed 10-ft depth, except in Klondike 
valley where max depth is 45 ft (aver, 30 ft). Gold, free and relatively coarse, is mainly 
in bottom of gravel and upper 4 ft of bedrock; if latter is blocky or slabby, as much as 
10 ft of it is sometimes dug. Overburden of frozen, totally barren muck is 10-65 ft deep, 
usually covered by moss, sod, and brush. Working season is short. Preparatory work 
on dredges begins about Apl 1 ; first dredges (usually the larger, or those in richer ground) 
start towards end of Apl, followed by others as rapidly as increasing water supply develops 
necessary power at the central hydro-generating plant, until all are operating by mid-May. 
After Nov 1, diminishing water supply for power, with increasing freezing, lead to suspen- 
sion, first of the smaller, and later, of the larger dredges; in the exceptionally favorable 
1938 season, 2 dredges worked until Dec 24. During the summer, Co employs 600-675 
men, of whom only 90 are retained through the winter. Min wages for common labor, 
60f^ per hr, plus keep, 

totaling $7.28 for 10-hr Table 129. Data on Stripping by Yukon Consol Gold Corp, Ltd 
day. Cost of supplies (From W. H S McFarland, Gen Mgr, in 1940) 

includes freight charges of 
$65 (for machinery) to 
$135 per ton from Van- 
couver to Dawson, via 
Skagway and Whitehorse, 
plus local transport by 
truck and tractor, until 
recently costing about bOi 
per ton-mile. 

Stripping of frozen 
muck is done as in hydrau- 
lic mining (Art 123) , with 
water supplied under press 
from ditches, or by pump- 
ing from local streams; 
suitable press, 50-120 lb 
per sq in. After providing 
channels for run-off into 
nearest natural outlet, a 
row of 8 or 10 No 2 giants 
with 3.5-in nozzles is so 
arranged that consecutive 
portions of the area can be 
gtsipped in rotation, with 


Dredge 

No 

Year 

Cu yd 
stripped (o) 

Water 
used, in- 
days (5) 

Duty, 

(c) 

Total cost 
(d), i per 
cu yd 

4 

1936 

333 910 

42 822 

7 85 

11.85 


1937 

202 113 

19 320 

10 46 

10.92 

5 

1936 

666 770 

80 862 

8 25 

6 57 


1937 

618 303 

74 216 

8 33 

6.76 


1938 

751 927 

74 396 

10.11 

4.53 


1939 

896 894 

77 331 

11.62 


6 

1938 

644 067 

61 223 

10.52 

7.84 


1939 

576 448 

38 545 

14.96 


7 

1936 

182 700 

23 503 

7 77 

14 07 


1937 

266 268 

25 232 

10 55 

10 13 


1938 

300 443 

24 380 

12.32 

7.41 


1939 

366 991 

26 467 

13 85 


8 

1937 

435 881 

35 335 

12.34 

5.97 


1938 

631 500 

53 213 

11.86 

6.80 


1939 

954 068 

64 236 

14.85 


10 

1938 

244 820 

38 104 

6.43 

9.81 


1939 

408 037 

51 257 

7.96 


11 

1938 

245 511 

38 129 

6.44 

11.31 


1939 

394 122 

51 729 

7 62 



(a) For depth of muck at those sites where thawing was required, 
Table 149. (6) 1 in-day « 1 5 cu ft per min for 24 hr. (c) Cu vd, 

in-dav. (d) Itemized costs for some examples are in Table 130. 


Table 128. Platinum Dredging, Goodnews Bay Co 



1938 

1939 

Material dredged, cu yd 

1 164 098 

973 614 

Days operated 

199 

184 

Aver running time per day, hr : min 

21 : 00 

21 : 40 

Cu yd per hr running 

278.8 

243.9 

Costs, i per cu yd. 



Operating labor 

4.355 

4.772 

“ supplies 

0.613 

0.341 

“ power 

1 3.366 

2.821 

Repair labor 

1 . 548 

1.205 

“ supplies 

2 677 

3 432 

General expense 

1 670 

1 671 

Total cost, i 

14 229 

14 242 
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Table 130. Coat of Stripiiing by Yukon Consol Gold Corp, Ltd little moving of the giants. 

(FromW H S McFarland, Gen Mgr, for technical data, see Table 129) thawed muck 

has been removed from 
one portion, the next giant 
ifl put into action, leaving 
the first area to thaw natr 
urally By the time the 
last giant in the row has 
finished its work, the area 
adjacent to the first wiU 
have thawed enough to 
allow removal of another 
layer Distance, in ft, 
worked from a giant is 
roughly 1 6 times the wa- 
ter press in lb per sq in. 
Tailings piles, often com- 
plicating the procedure, 
are removed by a special 
set-up of a giant before attacking the muck Pumps for stripping are 10-in centrifugals, 
rated at 3 000 US gal per mm at 150-ft head, suitable for a 3 5-in nozzle, each is dnven 
by 160-hp 2 300-volt, synchronous motor Each unit, with starting equipment, is 


Dredge No 

4 

5 

6 

7 

8 

10 

11 

Year 

1937 

1938 

1938 

1938 

1938 

1938 

1938 

Costs, i per cu yd 








Wages 

4 35 

2 10 

2 06 

2 58 

2 55 

4 61 

4 49 

Camp and mess 

2 09 

0 95 

0 91 

1 14 

1 15 

2 03 

1 99 

Supplies 

0 28 

13 

12 

0 05 

0 11 

0 05 

0 38 

Shops 

48 

14 

21 

27 

14 

38 

66 

Transport 

87 

20 

36 

71 

30 

1 10 

1 86 

Power 

2 39 

64 


42 

50 

97 

92 

Engineering and 








super 

46 

14 

19 

32 

19 

46 

75 

Ditches 

1 


3 41 

1 92 

1 36 



Brush cutting 


23 

58 


50 

21 

26 

Total 

10 92 

4 53 

7 84 

7 41 

6 80 

9 81 

11 31 


Table 131. Data on 6 Dredges of Yukon Consol Gold Corp, Ltd 


(From WHS McFarland, Gen Mgr, in 1940) 


Dredge No 

2 1, 

5 i 

4 

Built 


1911 



1912 



1912 


Maker 


Marion 



Manon 



Manon 


Hull 


Wood 



Wood 



Wood 


Bucket, cu ft 


16 



16 



16 


Year 

1936 

1937 

1938 

1936 

1937 

1938 

1936 

1937 

1938 

Season opened 

May 9 

May 2 

Apr 29 

May 4 

May 6 

Apr 29 

Apr 24 

July 11 

May 3 

Season, days 

208 

216 

240 



225 

209 

145 

238 

Working time, % 

92 92 

86 54 


92 21 


89 43 

89 57 

88 15 

88 56 

Cu yd dredged 

2032 326 

1 811924 

2071 824 

1864 471 


2045 872 

1 891 243 


1756372 

Power, kw-lir 

1986 800 







IM] 

2 599 100 

Costs, per cu yd 






(rf) 




Shut-down season 










Direct (b) 

1 73 

2 46 

0 so 

1 69 

0 60 


1 90 

1 71 

1 10 

Indirect (c) 

0 53 


0 48 

0 55 

0 22 

HSU 



0 45 

Working season 










Direct (6) 

3 44 


3 88 

4 21 

2 71 

4 33 

2 92 


5 00 

Indirect (c) 

1 14 

1 83 

1 35 

2 99 

1 16 

1 71 



11 30 

Total 

6 84 

9 09 

6 21 

9 44 

4 69 

7 19 

6 15 1 

1 14 65 1 

17 85 

Dredge No 

1 5 1 

1 ‘ 1 

7 

Built 


1937 (a) 



1936 (a) 



1935 (c) 


Maker 


Marion 



Bucyrus 



Bucyrus 


Hull 


Wood 



Wood 



Wood 


Bucket, cu ft 


7 



7 



5 


Year 

1936 

1937 

1938 

1936 

1937 

1938 

1936 

1937 

1938 

Season opened 

May 13 

Aug 3 

Apr 27 

June 22 

May 4 

Apr 28 

May 8 

Apr 27 

Apr 21 

Season, days 

177 

102 

209 

137 

190 

1% 

201 

202 

214 

Working tinae, % 

89 21 

90 31 

90 40 

86 78 

88 32 

89 64 

92 61 

92 55 

93 11 

Cu yd dredged 

584113 

310971 

798 890 

682 124 

579 701 

708 768 

488 225 

508107 

389936 

Power, kw-hr 

743 500 

474 300 

1018 900 

620 400 

831 200 

854 500 

6% 100 

773 300 

640800 

Costs, i per cu yd 






(d) 




Shut-down season 










Direct (b) 

3 39 


0 61 

2 02 

1 23 

0 56 

2 81 

1 58 

1 55 

Indirect W 

2 18 

3 56 

0 87 

1 61 

1 05 

0 94 

2 25 

1 39 

I 95 

Working siasou 










Direct (6) 

5 71 

8 31 

5 53 

4 57 

7 88 

6 17 

8 34 

8 60 

10 58 

Indirect (c) 

9 78 

9 75 

9 70 

6 56 

7 84 

11 35 

12 99 

7 50 

9 67 

Total 

21 06 

21 62 

16 71 

14 76 

18 00 

19 02 

26 39 

19 07 

23 75 


(a) Rebuilt (b) Direct charges include Wages. Mess and camp expense, Repair parts. Other 
supplies. Machine and electrical shops, Transportation, Power (c) Indirect charges include* 
Stripping, Thawing, Prospect drilling, General expense, Bulhon expense, Engineering, Supervision, 
Sundry (d) Itenuzed in detail in Table 132. 
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housed in a portable building, 18 by 10 ft, mounted on skids Active stripping is 
feasible only between mid-May and end of Sep, preparatory work begins about a month 
earlier Table 129 gives operating data, and Table 130 itemizes costs of such stripping 
at 7 of the Co’s dredge sites 

Thawing is applied to the frozen gravel exposed (as completely as practicable) by 
removing the muck, the cold-water method is employed For details and costs, see 
Art 131 

Dredging. At end of 1939, Co was operating 10 dredges (No 2-11, incl. No 1 was 
dismantled in 1938 after 33 yr service on 3 sites) All have wooden hulls, and are elec 
operated Table 131 gives data and costs for 3 yr on 6 dredges, No 2-7 No 8, a 7-ft 
Yuba dredge, handled 455 453 cu yd m its 161-day season of 1938, at total cost of 21 72^ 
per yd No 9 is a 5-ft Bucyrus, re-built in 1938, No 10 and 11 are both 7-ft Yubas, built 
1939. A new 7-ft dredge in the Klondike costs about $350 (X)0, exclusive of camp buildings, 

power-line connections. 

Table 132. Itenuzed Costs at 2 Yukon Consol Dredges, 1938 roads, and stripping and 

thawing equipment, to 
justify such installation 
would require about 10- 
000 000 cu yd (on basis of 
aver value of present re- 
serves) or a life of 15 yr 
Table 132 gives itemized 
costs for 1938 at 2 dredges 
selected to represent (No 
3) a large-scale operation 
in naturally thawed 
ground on Klondike River, 
and (No 6) a smaller oper- 
ation in ground which had 
to be both stripped and 
thawed The 9 dredges 
working in 1938 dug a to- 
tal of about 8 500 000 cu 
>d and produced gold 
worth $2 131 000 (25 Iff 
per yd) , 2 of these dredges 
were working in unproved 
ground These 9 dredges, 
with accessory thawing 
and stripping equipment, 
power plant, camps, build- 
ings, and ditches, repre- 
sent an investment, at 
cost, of $6 750 000 

Table 133. Yukon Consol Gold Corp; Power Plant Costs 

(Data from WHS McFarland, Gen Mjrr, m 1940) . 

Hydro-elec power plant, 
of 15 000-hp, 18 situated on 
Klondike River about 28 
miles above Dawson Its 
three 5 000-bp turbines, at 
220-ft head, drive one 4 690- 
kva, and two 3 000-kva gen- 
erators, delivering at 33 000 
volts First water supply 
came from the North fork of 
the river, through a 6-mile 
ditch, added supply of 10 000 
miner’s m from the South 
fork was obtained by a 16- 
mile ditch The high-tension 
line 18 94 3 miles long, dis- 
tributing hnes, at 2 300 volts, 
37 4 miles Table 133 gives 
costs of operating and inain- 
Dutnbution, 1938 — Labor, 0 126, camp and mess, 0 060, supphes, taming the power plant 
O 037; shops, 0 088, transport, 0 090, engineering and supervismg, 0 034; 
total, 0.435. 


Year 

1936 

1937 

1938 

Kw-hr distributed 

18 412 308 

21 447 648 

28 073 088 

Cost, i per kw-hr 




Power plant — 




Operation 

0 206 

0 211 

0 114 

Improvement 



021 

N Fork ditch — 




Operation 

091 

059 

049 

Improvement 

311 

205 

084 

S Fork ditch — 




Operation 

061 

051 

036 

Improvement 

105 

137 

040 

Maint, 33 000-v line 

069 

057 

057 

“ secondary lines 




and eub-stas 


053 

034 

Total 

0 843 

0 773 

0 435 


(From WHS McFarland, Gen Mgr For operating data, 
see Table 131) 


Costs, i per cu yd 

Dredge No 3 

2 045 872 cu yd 

Dredge No 6 

708 768cuyd 

Shut- 

down 

season 

Oper- 

ating 

season 

Total 

Shut- 

down 

season 

Oper- 

ating 

season 

Total 

Direct Charges 







Wages 

0 176 

1 229 

1 405 

0 221 

2 601 

2 822 

Mess and camp exp 

077 

505 

582 

090 

1 007 

1 097 

Repair parts 

196 

876 

1 072 


220 

220 

Other supphes 

042 

394 

436 


492 

492 

Machine shop 

228 

274 

502 

153 

860 

1 013 

Electrical shop 

032 

058 

090 

016 

035 

051 

Transportation 

043 

218 

261 

041 

236 

277 

Power 

020 

772 

792 

042 

715 

757 

Total direct . 

0814 

4 326 

5 140 

0 563 

6 166 

6 729 

Indirect charges 







Stripping 





2 387 

2 387 

Thawing (by water) 





5 244 

5 244 

Prospect dnlhng 


0 180 

0 180 


499 

499 

General exp 

0 277 

717 

994 

0 800 

2 069 

2 869 

Bullion exp 

038 

668 

706 

068 

915 

983 

Engineering 

006 

064 

070 

028 

168 

196 

Supervision 

013 

026 

039 

039 

074 

113 

Sundry 


059 

059 




Total indirect 

0 334 

1 714 

2 048 

0 935 

11 356 

12 291 

Total working cost 

I 148 

6 040 

7 188 

1 498 

17 522 

19 020 
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Bulolo, New Guinea. Contributed by C. A. Banks, Mng Dir, in 1940; for earlier and 
more detailed data, see Bib (436). Operations are noteworthy because entire equipment 
of 8 steel dredges and 2 hydro-elec plants delivering 8 000 hp was transported by aero- 
plane. Beginning in 1931, 30 000 short tons of machinery and supplies were flown up to 
1940 without fatal or disabling personal accident, or loss of any equipment. Airline dis- 
tance from aerodrome at Port Lae to 2 landing fields 6 miles apart on property is only 
35-40 miles, but an intervening 5 000-ft range with lowest pass at 4 000 ft, and difficult 
jungle conditions, made land travel by 110-mile road slow and costly; air transport is 
estimated to have saved 2 years’ time. Flight from Lae to Bulolo takes about 40 min, 
and the round-trip, incl loading and unloading, about 2 hr. Elev at property is 2 250 ft. 
Transport equipment includes 3 Junker G-31 aeroplanes, each with three 550-hp 
Pratt & Whitney Hornet engines. Cargo compartment is 24 ft long, 77 in wide, 69 in 
high except over the hatch, where height is 82 in; hatch opening, 60 by 141.5 in. Planes 
were designed for pay-load of 7 000 lb, but 8 000 lb have been carried safely; loads aver 
about 5 000 lb. Heaviest single pieces (upper-tumbler shafts) weighed 6 950 lb each for 
the first 4 dredges, and 7 550 lb for No 5. Total capital outlay for air transport was con- 
siderably less than would 
have been required for 
construction of suitable 
road and purchase of vehi- 
cles. Unit cost of air 
TRANSPORT has declined 
with increasing tonnage 
and introduction of cer- 
tain economies. During 
54 mos prior to 1937, cost 
for 14 341 short tons was 
$49.94 per ton, plus amor- 
tisation then estimated at 
$11.85 per ton. During 3 
yr to end of 1939, costs on basis of 420 tons monthly were as in Table 134. Gasolene cost 
about 32.5^ per Imp gal (27.1^ per U S gal). Now that the property is fully equipped for 


Table 134. Cost of Air Transport at Bulolo 



Per sh ton 

% 

Loading and unloading 

Operating 

Maint A repairs on planes . . 

“ “ “ “ ’dromes and bldgs 

Management 

Insurance. 

$ 0.70 
16.67 

5.73 

1 00 
5.93 

4.73 

2 01 

47 96 
16.48 
2.68 
17.06 
13.61 

Amortisation 

$34.76 
7.60 
$42 36 

100.00 

Total per ton . 


Table 135. Costs of Dredging at Bulolo, New Guinea 


Fiscal yr ending 
May 31, 

1934 

1935 

1936 

1937 

1938 

1939 

6-yr aver 

Cu yd dredged 

Yield per yd (Au @ 

6 674 300 

9 920 700 

10 915 500 

II 197 000 

1 1 222 000 

14 688 000 

64 617 500 

$35) 

Costs, 4 U S per cu yd 

44 88^ 

44 83^ 

39.93^ 

44 0511 

42.80fl 

38. 10^ 

41.78^ 

.Tungle clearing . 

0 39 

0 36 

0 29 

0 20 

0 18 

0 22 

0.26 

Drilling A testing 

0 12 

0 07 

0 03 

0 07 

. 14 


.07 

Operating ages 

1 60 

1 57 

1 64 

i 44 

1 64 

i 37 

1 1.53 

Supplies 

Uepairs A replace- 

29 

.36 

.25 

.26 

. 18 

. 16 

.24 

ments, incl labor 

2.11 

1.65 

2.00 

2.64 

2 74 

3.78 

2.60 

Power 

.87 

.76 

.34 

.38 

.40 

.34 

.48 

Servicing 

.27 

.23 

.34 

.42 

.45 

.34 

.35 

Gold saving . . . 



.25 

.70 

.73 

.47 

.40 

Clean-up . ... 

Bullion frt A refin- 

.16 

.12 

.13 

I 

.14 

.16 

.14 

.14 

ing 

Bullion postage A 

.27 

.20 

.19 

.18 

.17 

.16 

.19 

insur . 

. 12 

13 

! 12 

.12 

12 

. 12 

.12 

Gen rep A maint. . 

.20 

.55 

.50 

.50 

.46 

.59 

.49 

General exp 

Insur A manage- 

.52 

.74 

69 

.84 

.53 

.50 

.63 

ment 

.61 

.62 

51 

.45 

.59 

.43 

.52 

Laboratory . . 

.18 

08 

04 

.04 

.08 

.07 

.07 

Travel 

.24 

.20 

24 

.17 


.11 

.17 

Medical 

. 18 

. 17 

16 

12 

12 1 

11 

.14 

Lease fees 

08 

09 

10 

14 

08 

06 

.09 

Total working . 

8 21 

7 90 

7.82 

8.81 

8 89 

8 97 

8.49 

Admin A overhead 

.94 

68 

.98 

1.08 

1 05 

87 

.93 

Royalties 

2 23 

2 29 

1 90 

2.14 

2 09 

1 88 

2 07 

Total expense . 

n 38 

10 87 

10.70 

12.03 

12 03 

11.72 

11.49 
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a Hfe estimated at 10 yr, future transport will be limited to a reduced tonnage of supplies 
and replac^ents. Extra cost for design and erection of the dredges, incurred by neces- 
sity for seotionalizing, was estimated as 10% for the hulls and 5% for the machinery. 
Dbbdgino started in Mch, 1932, with 1 dredge, which was followed by 2 others within 
the next 2 yr; No 4 began dredging in Aug, 1934. Two more were added at intervals, 
putting 6 dredges at work by mid-1938. First 4 dredges all had 10.6-cu ft buckets, and 
dug respectively 29, 35, 52, 59 ft below water; to May 31, 1936, they had handled 
32 600 000 cu yd. Costs for 6 fiscal yrs, and aver costs for period, are in Table 135, in 
U S cents per cu yd. Gold-savinq equipment on all dredges (as of 1937) includes 
double-deck taUes 21 in wide, 12 ft long, with Hg in wells at top and on riffles. Table 
tailings go to jigs. Hutch product, 100-150 tons per day, or about 1% of gravel treated, 
passes through rubber-lined tube-mill 11.75 ft long, 50 in inside diam, loaded with about 
1.5 tons of 1.6-in steel balls, and then over amalgamated plates. A flotation cell was 
installed on 1 dredge, with good saving, but was later found unnecessary when jigging 
was adopted. 

Colombia. C. A. Banks, Managing Director Pato Consol Gold Dredging, Ltd, con- 
tributes data on operations of the 3 largest and most typical of Co’s 5 dredges, working a 
property which extends 16 miles along the Nechi River, Zaragosa dist. Equipment 
includes 2 hydro-elec plants, totaling about 12 000 hp. Table 136 gives costs, in U S ff per 

cu yd, for fiscal yr ended 
Apl 30, 1939. Each dredge 
has 13.5-cu ft buckets, and 
was designed to dig (at 
24-26 buckets per min) 
3 500 000-4 000 000 cu yd 
annually; max digging 
depth is 75-80 ft on 
BoyacA dredge, 65-67 ft on 
the others. Jobo dredge 
has been operating partly 
on ground covered with 40 
ft of barren clay and partly 
on a bench where a high 
bank was unavoidable. 
8an Francisco dredge (dur- 
ing yr stated) worked 
mostly in tailings, with 
some patches of virgin 
ground which escaped ear- 
lier dredges; digging was 
relatively easy. Boyacd 
dredge operated in a low, 
swampy area, with 50 ft of 
sand overburden ; digging 
moderately easy. All 
dredges are equipped with 
Placer rougher and Pan 
American pulsator cleaner jigs, treating overflow from riffled tables. Final jig concen- 
trate passes over amalgamated plates, tailings going to a scavenger jig, hutch product 
of which is ground in a 2 by 4-ft ball mill and returned to the cleaner cells. 

Bright, Victoria, Australia. H. S. Elford, in 1935, gives mechanical details and 
operating costs of a steam-driven, flume-type dredge working in gravel averaging about 
24 ft deep (439). Buckets are of 7.5-cu ft capac. Ladder has overall length of 78 ft 9 in; 
wt, 36 tons. Dredge digs 35 ft (max) below water line. Hull, of riveted steel plate, 

is 111 ft long, 38 ft 9 in wide and 7 ft deep; draft, 5 ft 3 in. Bucket drive is from a com- 
pound, condensing, 125-hp Marshall engine, running at 110 rpm and driving the first- 
motion shaft through eight 1.75-in manila ropes. By reduction gears, top tumbler is 
given a speed of 4 rpm, delivering 18 buckets per mm. 

Steam at 160-lb press is from a wood-fired, multi-tubular boiler, burning 200 cords of eucalyptus 
per mo; delivered cost of wood, 13 sh per cord Main winch is driven by a 12-hp, twin-cylinder 
engine. Dredge buckets deliver into a chute feeding a duplex shaking screen, set at slope of 1 25 in 
pw ft, and making 70 8 75-in strokes per min, holes in upper section are 8/g- and 1 / 2 -in; in lower sec- 
tion, lVl6“in. Oversize material is delivered by “stone chute” 26 ft behind the boat. This chute 


Table 136. Cost of Dredging at Pato, Colombia 

(U S ^ per cu yd; year ended Apr 30, 1939) 


Dredge 

Jobo 

San Fran- 
cisco 

BoyacA 

Totals 

Cu yd dredged .... 

3 400 000 

3 760 000 

3 535 000 

10 695 000 

Yields per cu yd (Au @ 





$35) 

11 . 48^^ 

\7.17i 

t0.14f! 

13.07^ 

Working costs: 





Wages 

1.33 

0.99 

0.87 

1.06 

Repairs, replacements 





and supplies 

1 36 

.97 

.91 

1 07 

Power 

0 43 

.30 

.39 

.37 

Clean-up 

.07 

.09 

.08 

.08 

Drilling & testing . . . 

,17 

.12 

13 

14 

Total working 

3 36 

2 47 

2 38 

2.72 

Bullion realization . 

.23 

.36 

. 19 

.26 

Ofi5ce, management, 





camp, insur, etc 

t 04 

.80 

1 52 

1.12 

Legal, social and agency 





expenses 

65 

.65 

65 

65 

Total product’n cost 

5,28 

4 28 

4.74 

4.75 

Directors, admimstr, in- 





terest, etc 

.48 

,48 

.48 

.48 

Gold tax 

.63 

.94 

.55 

.71 

Income taxes 

40 

.85 

35 

.55 

Total cost 

6.79 

6 55 

6.12 

6 49 
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has ■emi'oh'oiilar section, 3.5 ft diam, and is lined with 4 by 0.75-in steel wearing plates. It is sus- 
pended by wire ropes from an 8 by 44n channel 3 ft above bottom of the chute. Screen undersise 
passes to gold-saving sluices, lined 
with coconut matting under ex- 
panded metal. Most of the gold is 
caught in the first 6 ft of sluices, the 
upper 12 ft of which is covered with 
a steel plate locked in place to pre- 
vent theft of gold. Sluice tailings 
pass into a single launder discharg- 
ing 42 ft behind the dredge, or 17 ft 
beyond the stone chute. On clean- 
up, dredging stops, and expanded 
metal and matting of all launders 
are removed. Concentrate is washed 
out of the matting in a launder and 
collected behind temporary riffles; 
then transferred to an amalgamator. 

Aver capac of dredge is about 16 000 
cu yd weekly, from 0.42 acre. Table 
137 gives working costs for three 4- 
week periods m 1935. 

Lakekakamu, Papua. Data from J. W. Hinks in 1937 (440). Operation of Tiveri 
Gold Dredging Co, Ltd, ia noteworthy for dimmutive size of dredge. Bucket line has 34 
buckets of 1.25-cu ft capac, and gross wt of entire plant is only 69 tons; wt of individual 
parts was limited to permit transport by native carriers; heaviest single part, 725 lb. 
Bucket ladder can dig 15 ft below water level. Dredge has a steel hull, 50 ft long, 20 ft 
wide, and 3 ft deep, divided into 6 water-tight compartments. 

Power supplied by two 40-60-hp Industrial Marine engines, with clutches permitting either or 
both to be used Fuel is producer gas, but engines will operate, without alteration, on benzene or 
kerosene. Working for 2 yr on producer gas, fuel consumption was 40 lb charcoal per hr; charcoal is 
from kiln-burning the jungle timber First recovery is in a sluice 36 ft long by 3 ft wide, with angle- 
iron riffles and slotted plate over coir matting. Discharge from sluice passes over a gruzly from 
wliich the fines return over sand tables covered with expanded metal over coir matting. Oversise 
dischargee behind dredge through a flume. Results for 2 yr endmg June 30: In 1936, 154 824 cu yd 

in 1937, 158 135 cu yd, cost 8 pence per cu yd. 

Resoiling. In normal operation, a dredge destroys the value of land for agriculture, 
but sometimes, where all conditions were favorable (see below), resoiling has been success- 
ful, though at added cost. In most cases, some manual or mechanical work has been needed 
to complete reconditioning the surface. A dredge operating with headline (Art 127) 
spreads its tailings more evenly than a spudded dredge, but will still bury the topsoil 
unless special methods are adopted. A resoihng dredge, with spuds, was developed by 
the Natomas Co for service in Cahf, but proved uneconomical under existing conditions. 
A similar dredge, by Yuba Mfg Co in 1918, operated satisfactorily in valuable rice lands 
of Korea, abundant cheap labor being available for final leveling; such land is said to be 
ready for a crop 6 mos after dredging. C. M. Romanowitz enumerates following condi- 
tions for successful resoiling: (a) bedrock fairly smooth and level; (6) bedrock at nearly 
uniform depth below surface, within area to be dredged ; (c) gravel fairly shallow, and 
water level m pond only slightly below ground surface; (d) deep topsoil; (e) cheap labor, 
or effic mechanical methods for final leveling; (/) land, or gravel, must be worth enough 
to justify added cost (above normal dredging) of at least per cu yd. 

Newstead, Victoria (441). An area of 381 acres on Loddon River, estimated to con- 
tain 15 000 (X)0 cu yd of gravel averaging 3.64 grains gold (26.6^ with Au @ $35 per oz) 
per cu yd, t-o aver depth of 24.6 ft, was to be dredged (beginning early 1938) in such man- 
ner as to pestore surface for farming while avoiding discharge of silt into river. Gravel is 
covered by 12-13 ft of loam and sandy clay. In its digging, screening, and gold-saving 
features, the dredge design is conventions^. A close-connected chain of 9.5-cu ft buckets 
is carried on a ladder 72 ft long between centers of tumblers; at 45° inclination, digging 
depth below water is 27.5 ft; by raising the ladder until bottom tumbler is out of water, 
a bank 16 ft above water can be dug separately. At 21 buckets per min, output of dredge 
is 176 000 cu yd per mo. For full details of construction, see Bib (441). 

Special features required for roeoiling (Fig 854): (a) Receiving end of stacker belt, 42 in wide, 
is moved forward to a point m front of the high end of the trommel , passing under the latter, the belt 
rises from the stern at 18® and discharges 25 ft above and 104 ft behind the deck; total length of 
stacker-conveyer, 160 ft. (6) Chute from bucket-discharge hopper to trommel has a removable 
bottom segment, under which is another chute which delivers the entire bucket-discharge to the 


Table 137. Costs of Operating Flume-type Dredge, 
Bright, \nctoria, in 1936 


Four weeks ending 

Jan 19 

Feb 16 

Mch 16 

% full time operating. . . . 

88 

90 

85 

Aver depth, ft 

24 

24.1 

24 9 

Cu yd dug 

55 600 

67 500 

65 650 

Gold yield, oz 

99.5 

124.4 

186.0 

Cost, pence per cu yd: 
Wages and salaries 

1 219 

1.164 

1 205 

Allowance 

0.034 

0.047 

0 040 

Stores 

0 928 

0 693 

0 798 

Fuel 

0.593 

0.458 

0 463 

Insurance 

0 032 

0.027 

0 006 

Rent, rates, taxes 

0 019 

0 013 

0.019 

General 

0 007 

0 005 

0.002 

Total 

2 832 

2 407 

2 533 
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tailings stacker, by-passing the screen; this is done while ladder is working in dry soil above gravel. 

(c) Chute delivering screen oversise to stacker belt also has a removable bottom segment, through 

which the coarse tailings can be dropped (vta another chute) into the pond 15 ft behind ^e stern. 

(d) Longit sluice boxes terminate in 4 tail chutes discharging sands 25 ft behind the stern. These 

modifications reverse the usual order of depositing tailings, the coarse now being on bottom, sands in 

middle, and soil on top. Avoidance of silting. Tract was prepared in advance by building 
levees 35 ft wide at base, 4 ft wide at top, and averaging 9 ft high, or 2 ft above highest recorded water 


Plate removed when 

stacking overburden 



Fig 854. Dredge Equipped for Resoiling, Newstead, Victoria 


level of river. A settling dam was provided at elev above highest flood water. To this, dirty water 
from dredging pond was to be pumped, clarified water returning to pond, makeup water being 
pumped from river. 


129. DRAGLINE DREDGING 

By Charles White Merrill, U S Bur Mines, San Francisco 

General. The washing plants are mounted on scows or pontoons to which gravel is delivered 
by dragline excavators stanchng on dry land; for analogous methods employing stationary or mov- 
able washers on land see Art 122 The excavator retreats as it cuts away the bank on which it 
stands; the washer is floated into the newly-dredged pond. Early installations included a plant 
built in Siberia by American engineers in 1910, after 2 seasons’ operation, the washer was converted 
into a bucket-ladder dredge. Present practice began in 1933, when 2 plants were built almost simul- 
taneously near Oroville, Calif, and Helena, Mont. Table 138 shows the great expansion of the 
method in Calif since 1933; many plants are now at work also m Alaska, Ida, Mont, Ore, Colo, Ari*, 
Nev, and the Philippines Recent changes in the method and its expanding production have made 
much of its literature obsolete The rapid advance of the industry resulted in part from the need 
for a new method, but the coincident rise in price of gold was a major factor in its widespread 
acceptance. The special field of the dragline dredge is in working deposits too small to warrant 
installation of bucket-ladder dredges (Art 127, 128). 


Table 138. Dragline Dredging in Calif, 1933-1938. (Minerals Yearbook, 1939, p 235) 


Year 

Production units 

Material 

treated 

Gold recovered 

Aver value 

% of total 
Calif 

placer gold 

Mines 

Dredges 

Cubic yards 

Fine oa 

Value 

per cu yd, i 

1933 

2 

2 

11 500 

75.26 

8 1 924 

16.0 


1934 1 

4 

4 

604 000 

3 466.04 

121 138 

20 1 

i 

1935 

24 

24 

3 906 000 

22 191.47 

776 701 

19 9 

6 

1936 

30 

31 

10 016 000 

49 976 54 

1 748 864 

17 5 

12 

1937 

51 

55 

19 364 000 

94 142 00 

3 294 970 

17.0 

20 

1938 1 

77 

80 

24 560 000 1 

118 108 00 

4 133 780 

16 8 

21 


Requirements for successful operation, (a) Easy-digging gravel, with few boulders 
(dragline lacks the digging power of a shovel or a bucket-line), (b) Max depth below 
water, about 30 ft; general aver has been 10-12 ft; ideal digging, 16 ft (working depth 
of gravels has increased steadily), (c) Fairly smooth, soft, unfissured bedrock; dragline 
digging under water is less effective in recovering bedrock gold, (d) Gravel of suflfieient 
richness (including in the average such barren gravel as must unavoidably be handled) 
to pay expenses about 60% higher per cu yd than those of a bucket-ladder dredge. Direct 
working costs of dragline dredges in the U S in 1937 were 6-15f* per cu yd (166) ; aver 
gold recovery in Calif in 1938 was 16.8^ per cu yd. (e) Sufficient yardage of profitable 
gravel to cover amortization of equipment (cost of plants is from $40 000 to $200 000) ; 
the whole yardage need not be contiguous, since the plant is readily moved from one 
deposit to another; provision for moving expenses (Table 139) must be included in cost 
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estimates. (/) Topography not much rougher than for bucket-ladder dredges; if the 
gravel will hold water, by using bulldozer and dragline on ditches and levees, ponds can 
be made that enable a washing plant to climb slopes as steep as 6%, but they generally 
work on much lower gradients. 


Table 139. Cost of Moving Dragline Dredges, 1938-39. (Data from U. B. Gilroy) 



Lord & Bishop 

Sacramento Dredging Co 

Table Mt Dredging Co 

Ekiuipment 

I 5-yd dragline 

. . . . 55 tons 

1 5-yd dragline... 55 tons 

2-yd dragline 

. ... 60 tons 


1 5-yd washer 

30 “ 

1 5-yd washer. . , 30 “ 

2-yd washer 

.... 35 “ 


Steel pontoons 

30 “ 

Steel pontoons. . . 30 “ 

Steel pontoons ... 35 “ 


Caterpillar bulldozer 

.... 22 “ 

Cat-bulldozer ... 22 " 

Accessones . . 

5 “ 


Accessones 


5 “ 

Accessories . 

. .. 5 “ 1 




1 Total weight 

142 tons 

1 Total weight 1 42 tons 

1 Total weight 135 tons 


Move No 1 

Move No 2 

Move No 3 

Move No 1 

Move No 2 

Stage 1 

Stage 2 

Tons by truck . . 

87 

142 

142 

142 

87 

135 


byRR.... 

55 




55 


i60(a) 

Locations (6): 








From 

Butte Co 

Grays Flat 

Nor Cahf 

Folsom 

Valley Sprs 

Hayfork 

Redding 

To .. 

Calaveras Co 

Redding 

Central (’al 

Coloma 

Shingle Sprs 

Redding 

Realito 

Distance, miles. . 

160 

155 

300 

50 

90 

70 

1 600 

Cost of haul: 








By truck 

$ 500 

$ 900 

$ 1 too 

$ I 000 

$ 900 

$ 1 200 


By RR 

475 




156 


$ 5 600 

Est cost disman- 

i 







tling and assem- 





i 



bling (c) . . 

620 

570 

565 

545 

600 

1 $ 1 200 

Total cost of 








move 

$1 595 

$1 470 

$1 665 

$1 545 

$l 656 

i $ 8 000 


(a) At Redding, 25 tons of parts were added l>efore rail shipment. (6) All in Calif except 
Reaiito, Sonora, Mex. (e) Customary to make convenient repairs during assembly, without 
segregating their cost; above estimates include no such repairs 


Usual equipment. Dragline excavators commonly have 1.5-2.5-cu yd buckets (max 
to date, 5 cu yd), 45-65-ft booms, and are driven by 125-150-hp Diesel engines (a few 
have elec or gasolene drive) ; buckets, especially where gravel is tight, are usually 0.2^1 cu 
yd less in capao than that for which the rest of the machine is designed. Usual output is 
90-125 cu yd per hr of working time. Washers (Fig 865) mounted on steel pontoon or 
wooden scows 25-40 ft wide, 35-50 ft long, and drawing 30-40 in of water, have gold- 
saving equipment practically identical with that on bucket-ladder dredges (Art 127). 
Dumping from a dragline bucket, however, requires addition of a hopper, 10 or 12 ft 
square at top, and about 15 ft above water. The intermittent feed is equalized as far as 
possible liefore reaching the tables by: (a) making the hopper with low-sloping sides, on 
which powerful water jets impinge; (5) by equipping the first section of the trommel 
as a scrubber; (c) by using screens, retards, lifters, and Archimedean screws in the trommel; 
failure to equalize the flow of gravel is a prime cause of poor recovery. Recommended total 
area of tables on a washer receiving 150 cu yd per hr and discarding about 50% of screen 
oversize is at least 500 and preferably 600 sq ft; width of a single table should not exceed 
30 in, due to interference w’ith its smooth flow by careening of the scow when a load of gravel 
is dumped into hopper. Stackers are 40-60 ft long, with belts 24-36 in wide. Diesel engines 
of 50 to 100-hp are commonest source of power for driving pumps, trommel, stacker, and 
jigs; usually the power requirement of the dragline excavator slightly exceeds the total 
needs of the washing plant. Most plants include tractor with bulldozer, one or more 
trucks, portable pumping unit for fresh water to pond, a blacksmith shop, and welding 
outfit (when digging is difficult, the replacing of bucket teeth is a major expense). Strip- 
ping barren overburden by scarifier, carryall, and bulldozer is often economical. Table 140 
gives data on 6 typical dragline dredges operating in Calif in 1937, from Gardner and Alls- 
man (165). Boulders over 12 in weie absent in all cases. Sluices were at grade cf 1.25- 
1.5 in per ft; upper ones had iron-topped wooden riffles (except No VI, which used 1.25-in 
angles); lower sluices (in all but No VI) were riffled w’ith expanded metal laid on carpet, 
matting, or burlap. 

Cost of dragline dredges. Setting up the outfit is mainly a matter of selecting and 
assembling large units of ready-built machinery; excavators and buckets, trucks, and 
bulldozers are always ready-made. Washing plants can be bought ready to assemble or are 
designed and built at the mine. Table 141 gives prices for 4 typical outfits built in 1939. 





^Pmnp intake 

Plan View 

Fig 855. General Arrangement of Electric Dragline Dredge Washing Plant. Bodinaon Mfg Co, San Francisco, Calif 
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Table 140* Data on Calif Dragline Dredges Operating in 1937 (165) 



I 

II 

III 

IV 

V 

VI 

Aver depth gravel, ft 

12 

10-20 

71/2 

61/2 

M 

41/2-12 

Digging 

easy 

med hard 

easy 

easy 

easy 

med tight 

Clay, % 

15 

10 

small 

10 

high 

10 

Bedrock 

soft porph 

grnstn 

hardpan 

clay 

porph 

tuff 

Depth scraped, in 

12-M 


6-8 

6 

18 

6 

Dragline bucket, cu yd 

1 1/2 

21/4 

11/4 

1 1/2 

11/2 

11/2 

“ boom, ft 

50 

80 

45 

1 50 

50 

50 

“ hp 

(d)I30 

(d) 125 

id) 

id) 95 

id) 120 

ie) 121 

Washer scow, ft 

32 X 42 

30 X 40 

25 X 40 

30 X 40 

30 X 40 

40 X 35 

Trommel size 

32' X 54" 

27' X 54" 

24' X 48" 

i 25' X 54" 

30' X 60" 

30' X 54" 

Scrubber, length, ft 

10 

5 

4 

4 

12 

8 

Trommel holes, in 

3/8, 1/2 

3/8, 1/2 

3/8 

3/8, 1/2 

3/8, 1/2, 11/4 

8/8 

Cross-sluices, area, sq ft. . . . 

460 

350 

324 

352 

460 

432 

Longit “ “ 

300 

320 

180 

288 

250 

420 

Riffles 

(a) 

(a) 

(a) 

(o) 

(a) 

id) 

Pump, disch diani, in 

7 & 4 

7 & 5 

10 

8 

8 

12 

Total washer hp 

(d) 85 

id) 65 

id) 80 

id) 50 

id) lt)0 

(«) 185 

Clean-up interval, days: 







Cross sluices 

10 

6 

5 

6, 12 

4 i 


Whole plant 

20 

18 

14 

18 

4 i 

is 

Mercury charged, lb 

114 

150 

60 


60 j 


Shifts per day 

3 

3 

2 @ 9hr 

3 

2 @ 10 hr 

*3 

Hr operating per day . . . 

191/2 


151/3 

18 

19 

19 

Gravel per hr, cu yd 

82 

104 

122 

167 

100 1 

too 

Total crew per day 

13 

14 

11 

13 

16 

12 

Aver rate per hr (weighted). 

$0 73 

$0 73 

$0 71 

$0 75 

$0 75 


Fuel oil per hr, gal . 

8 2 

7.3 


7 8 

13 

(e) 

Wash water, gal per min, . 



2 800 

2 000 

1 800 

2 500 

First cost of plant: 







Excavator 

122 500 

$39 600 



$21 000 

$20 270 

$18 500 

Washer 

12 ooa 

16 000 

$15 000 j 

14 000 

22 800 

16 400 

Miscellaneous 


38 900 


8 600 

10 600 

3 600 

Total 

Working cost, i per cu yd; 
Excavating 

$34 500 

4 

5.6 

1 3 ! 

$94 500 

3.32 

3 74 

4 44 

$40 000 

$43 600 

$53 670 

i 

$38 500 

(/) 

if) 

if) 

Washing 





General & iniscel 

Total 


ih) 11 1 

11 50 

15 0 

(r) 9 0 

(c) n 0 

(c) 12 5 


I — Cinco Mineros, Oroville II — Penn Dredging Co, Oroville III — Midland Co, Cotton- 
wood. IV — R S. Olson, Redding. V — A C. Mining Co, Redding. VI — Milton Gold Dredging 
Enterprise, Milton, (a) See text, {b) Excl deprec. (c) Incl deprec. (<i) Diesel, (c) Mec. 
(/) See Table 143. 


Table 141. Short Specifications and Prices of Dragline Dredge and Washing Plants 


(Rodinson Mfg Co, San Fiancisco, 1939) 


Dragline bucket, cu yd 

0 75-1 

1 25-1 50 

2.^3 

5 

Nominal capac, cu yd per hr. . . . 

75-100 

100-125 

150-200 

300-400 

Feed hopper, ft , . ... 

10X8 

II X 10 

14 X 10 

16X16 

Trommel, diam and length . , 

48" X 24'6" 

54" X 30' 

60" X 41' 

72" X 50' 

Riffle area, approx sq ft 

480 

780 

1 000 

1 500 

Stacker, width and length . 

24" X 40' 

30" X 50' 

36" X 50' 

4r X60' 

Stacker, drive motor, hp . . i 

5 

7 5 

15 

20 

Pump: diam, in; capac, gal per min 

8; 2 500 

10,3 000 

I2;4 000 

14; 6 000 

Winches 

4 hand power 

4 hand power 

4 hand power 

Elec A drum 

Mooring cable 

1 200', 8/8" X 8/19 

1200', 3/8" X 8/19 

1 200', 3/8" X 8/19 

1600', 1/2" X 8/19 

Diesel engine 

CatD-4 600 

Cat D-1 1 000 

Murphy, 6-cyl 

FM, 225 hp 

Auxil generator for light and motor, kw 

10 

20 

25 

200 

Hull, steel pontoon, width, length, depth . 

30' X 32’ X 42" 

34' X 42' X 38" 

36' X 48' X 48" 

40' X 64' X 54" 

Approx export weight, lb . 

Approx price washing plant, fob dock, 

88 000 

95 000 

200 000 

362 000 

San FVancisco • ... 

$18 900 

$25 775 

$35 000 

$55 000 

Add for oomirfete Diosel-elec 

Approx price of suitable dragline excavator i 

2 500 

3 000 

3500 

(Diesel-eleo only) 

del’d Pacific Coast 

14 250 

18 400 

32 200 

70 000 

Approx jM-ice of suitable bucket 

900 

1 100 

2 000 

2800 


* Price includes riffles and Hg-traps, motors, their control apparatus and transmission; not 
included: lumber, second deck house, or elec wiring. 
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General procedure. Most gravels worked by dragline dredges are recent stream 
deposits. If channel is not more than 50-60 ft wide, its full width generally is taken in 

1 cut (Fig 856- A), the washer following close behind and discharging tailings behind 
itself, screen oversize by stacker, and sands into the pond. A wider channel may be 
worked in successive cuts parallel with the stream, but it is better (Fig 856-B) to take 
successive 15 to 20-ft cuts back and forth across the channel. (Compare with land dredge 
at Atlantic City, Wyo, Art 122.) One advantage of latter plan is that the bedrock can be 
scraped (with improved recovery) in more than one direction. By either method, position 
of the boat is adjusted by 4 wire ropes anchored to deadmen on shore and held taut by 
winches on the boat; spuds (Art 127) are usually unnecessary. Following examples illus- 
trate practice as of 1936-1938. 

Wyandotte Cr, Oroville. Data from J. F. Magee (442) in 1936. Gravel is in 2 
beds; upper, loose and easy to dig; lower, slightly harder; both well rounded and of 
medium size (60% on ^/g-in). Gold is fine; bright in upper gravel, less so in lower. Depth 
to false bedrock (decomposed volcanic ash easy to scrape), 4-25 ft, aver 12 ft; max depth 
dredged, 24 ft; usual working depth 9.5 ft, leaving lower bed intact when necessary. 
Parts of area have up to 2.5 ft of overburden. Dragline, Lima type 601, caterpillar- 
mounted; Diesel 102-hp engine; 60-ft boom, 1.25-yd bucket; on aver digging, it delivers 

2 heaping buckets per min, or 150 cu yd per hr. Washer is on a wooden scow drawing 
25 in of water when fully loaded (displacement, 65 tons). Hopper, 10 by 10.5 ft at top, 
has bottom sloping 25°; water jets regulate discharge of gravel. Trommel, 26 ft by 48 in, 
has 4-ft scrubbing section and 5-ft blind lower end; middle 16 ft has S/s-in holes, 1 l/s iu 
c-c throughout; slope, 1.5 in per ft. Cross-sluices, 7 on each side, are 27 in wide and 
discharge into a 4-ft sluice on each side; all grades, 1.5 in per ft; total sluice area riffled 
(iron-topped wooden cross-riffles), 480 sq ft; extensions of side sluices deposit sand tailings 
12 ft behind rear of scow. Stacker for screen oversize, 45 ft long, with 24-in belt. Wash 
water, delivered by centrif pump with 7-in discharge at 1 200 gal per min, is distributed: 

84% to trommel 
sprays, 14% to hop- 
per chute, 2% to 
skimmer jet to keep 
the strainer free from 
floating trash. Pur- 
chased water, 40 min- 
er’s in. W'hole wash- 
ing plant is driven by 
50-hp, 4-cyl Diesel. 
Operation is similar 
to that in Fig 866-A ; 
pond is 70 ft wide 
and about 75 ft long. 
During first 3 mos of 
operation, all delays 
amounted to 34.5% 
of possible time, larg- 
est single source of 
lost time being the 
moving of dragline, 
which was then on 
soft ground. Costs 
of Wyandotte opera- 
tion are compared in 
Table 142 with those 
of 2 others (localities 
not stated), practi- 
cally identical equip- 
ment being employed at all 3 places. Digging and washing conditions differ as follows: 
At Plant A, gravel (9.5 ft deep) is finer (30-40% on 3/g-m), but harder both to dig and 
wash; bedrock, of decomposed granite, digs easily but is difficult to distinguish from 
bottom of gravel. At Plant B, gravel (6 ft deep) is loose and sandy, with much coarse 
(60-76% on 3/g-in) making for easy w'ashing; bedrock favorable and easily recognized 
when reached. 

Milton Gold Dredging Enterprise, Milton, Calif. For geol, structural, and operating 
data, see Table 140, col VI; following added information is from Julihn and Horton (57) 
in 1938. Installation is one of few dragline dredges operated entirely by elec. Trans- 


Table 142. Costs at 3 Small Dragline Dredge Operations (442) 



Wyandotte 

Plant A 

Plant B 


Apr 5-Dec 31, 

Apr 12, 1935- 

4 1/2 months 

Period considered 

1935 

Apr 23, 1936 

in 1936 

Bucket size, cu yd 

1 25 

1 25 

1 5 

Yardage treated 

557 764 

458 000 

689 820 

Recovery, i per cu yd 

21.19 

22.88 

14 33 

Costs: i per cu yd 




Excavating labor. . 

1.40 

1.67 

1.43 

“ fuel and lubr 




oil . . 

.32 

1.05 

.40 

“ maintenance 

1 60 

1 05 

.57 

Washing labor 

2 51 

4.24 

2.16 

" fuel and lubr oil 

.32 

.34 

.37 

“ water 

.07 

.22 

.37 

“ mercury 

.03 

.05 

.01 

“ maintenance. . 

.90 

2.12 

.93 

General, royalty 

1.83 

2.73 

1 00 

“ insurance . ... 

.32 

.37 

.14 

“ surveying and 




prospect’g . . . 

.24 

.18 


“ clearing ground.. , 

.99 



** office and shop . . 

.06 

.10 

.15 

“ marketing gold . 

.16 



** transportation.. . . 

.12 

.09 


** misc e<iuipment . . 


.34 


“ interest 


05 


Total (excl deprec).. 

10 87 

14 60 

7.53 
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formers (4 000-440 volts) are mounted on a wheeled trailer. Ground was carefully pros- 
pected with 7 pits to bedrock per acre, each being groove-sampled on up-stream and 
down -stream sides; no factors to cover 
bedrock or washing losses were applied. 

Dredge cuts, surveyed monthly, coincided 
approx with blocks as used for estimating 
(Art 11) , aver recovery from over 1 (XK) 000 
cu yd was 0.2^ or a little more than 1% 
above estimate. Crew for 3-shift work com- 
prised 12 men and foreman at (weighted) 
aver wages of $5.75 per day. Water (50 
miner’s in) cost 11.25ff per day-in. Power 
(at 1.1 ICOff per kw-hr) for a typical month’s 
operation was 29 500 kw-hr on washer, 

20 2(X) kw-hr on dragline, 900 kw-hr for 
welding, lights, and shop. During first 2 
yr, all time lost (incl several groundings and 
a sinking of washer) was 30.8% of elapsed 
time. Aver total cost, on basis of 1 234 908 
eu yd (bank measure) handled in 2 yr end- 
ing Aug 31, 1937, is itemized in Table 143. 

Lilly mine, Camanche, Calif. Data 
from Juhhn and Horton (57) in 1938. 

Clravel, 4-18 ft deep, is uncemented, and 
contains no boulders; bedrock, volcanic 
tuff. Gold fine and flaky. Similar gravel 
in adjoining tract averaged 16ff per cu yd in 
test pits. Dragline, Diesel-powered, has 
OO-ft boom and 2-yd bucket; normal out- 
put, 100-125 cu yd per hr. Washer is on 
60 by 36-ft scow, composed of 6 wooden 
pontoons drawing 2 ft of water. Trom- 
mel, 32 by 4.5 ft, has 8-ft scrubber, 18 ft 


Table 143. Cost of Dragline Dredguig, 
MUton, CaUf, 1935-37 (57) 

(Cents per cu yd, bank measure) 


Excavating, labor 2 12 

“ supplies 34 

“ power 62 

“ repairs & maint 1.04 

" depreciation ... .81 

Washing, labor I 02 

“ supplies 30 

“ power .48 

“ repairs & maint . . .85 

“ depreciation 71 

General operating: 

Royalty 1.59 

Prospecting 09 

Water. 21 

Moving electric lines 14 

Hoads, dams, taihugs 31 

Shop . 1 1 

Total operating 10.74 

General overhead: 

Superintendence 0.58 

Auto transport II 

Field office 09 

Taxes and insurance 09 

Marketing gold 08 

Travel 12 

San Francisco office. ..... .20 

Total overhead I 27 


Total cost, i per cu yd 12.01 
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of S/s-in, and 2 ft of 0.5-in holes. Wash water, 3 200 gal per min. Stacker, 50 ft long, 
with 26-in belt. Total (Hungarian) riffled area of 16 cross-sluices and 2 lateral sluices, 
1 500 sq ft. Clean-ups, every 10 days; mercury supplied during interval, 225 lb; loss of 
mercury, 6-7 lb at each clean-up. 

Fresh water for pond is pumped 2 miles through 8-in pipe against 420-ft head. Washer equip- 
ment driven by individual elec motors: 30-hp for trommel, 40-hp for wash-water pump, 7.5 hp for 
stacker. Crew for 3-shift work: 3 operators, 3 washer attendants, 3 laborers; 2 blacksmiths on day 
shift to maintain bucket teeth, wear on which is very severe Of 2 close neighbors of the Lilly mine, 
one suspended operations owing to expense of saving rusty gold, the other because the gravel proved 
too hard for a 100-hp gasolene dragline with 1.25-yd bucket. 

Boise Basin, Idaho. Data from O. H. Metzger (428) on 2 dragline dredges operating 
in 1937. (^) On Grimes Cr, above Pioneerville. Stream gravels 76-100 ft wide, 6-8 ft 

deep; little overburden (gravel previously worked by hand) but heavy brush, which was 
cleared by caterpillar tractor. Excavation by Diesel-driven 1-yd ^agline. W^ashing 
plant, on steel pontoons, had 4-ft trommel in 4 sections with 8/g-in holes; tables covered 
with carpet and expanded metal. In 3 mo, plant advanced 1 mile upstream, treating 
75 000-85 000 cu yd of gravel. (B) On a tributary of Fall Cr, west of Granite. Bench 
gravel about 16 ft deep, more firmly consolidated than stream grave), with 5 ft of topsoil 
which was stripped and piled at sides. Excavation by Diesel 3-yd dragline with 65-ft 
boom, delivering 75 yd (aver) per hr. Washer was on six 8 by 36-ft steel pontoons assem- 
bled from 3/i6-in plates at the property; it had a 5-ft trommel in 10 3-ft sections (3/g-in 
holes differently spaced), delivering to 10 tables on each side, coveied with Brussels carpet 
and expanded metal (which proved better than Hungarian riffles). Individual motors for 
trommel, 2 centrif pumps (10- and 5-in), stacker, etc, were supplied by 100-kw Diesel- 
driven generator on boat. Labor, 3-shift. 3 operatois, 3 oilers, 2 shoremen, 1 dredgemaster. 

Mill Gulch, Tenabo, Nev. Data from W. O. Vanderburg (443) m 1939. Ravine 
deposit of sand and medium-size boulders, 200-300 ft wude, is 10-45 ft (aver 30 ft) deep; 
gold, both fine and coarse, is mostly close to bedrock. Link-Belt dragline has 60-ft boom 
and 1.75-yd, heavy-duty bucket. A caterpillar tractor-bulldozer is used for grading 
Washer is on wooden scow, 30 by 40 ft, with 3 additional steel pontoons; draft, 40 in. 
Estimated (3-shift) capac, 1 500 cu yd per day. Trommel, 24 ft by 54 in, is in 2 equal 
sections; upper, unpunched, has spiral disintegrating flights; lower, ^/g-m holes. Six 
cross-sluices on each side are 30 in wide by 12 ft long; total (Hungarian) riffled area, 
460 sq ft, A 6-in centrif pump circulates wash water, pumped to the pond from a well 
through 15 000 ft of 8-in pipe against 500-ft head. Stacker is 70 ft long, with 24-m belt. 
A 160-hp, 8-cyl Diesel supplies all power. Crew, 16 men, 3-8hift. Clean-ups daily. 


130- DRIFT MINING 

Drift mining is the exploitation of placers by underground methods. It was one of the early 
types of mining in Calif, reaching its peak between 1870 and 1880, thereafter it declined and almost 
ceased (57). Since 1933, due to higher price of gold, a revival of drift mining has occurred. 

Field of use is in mining rich paystreaks of moderate thickness, where open-cut methods are 
impossible or would yield a smaller net return I-^arge boulders must usually be blasted, if numerous, 
they may increase cost to a point which is prohibitive Drift mining has been practiced chiefly in 
the ancient buried channels in Calif, the buried beach placers at Nome, Alaska, and the deep leads 
of Australia (Art 117) Alaska creek gravels, where frozen, are often drifted, especially by small 
operators In early Calif and Alaska mining, many placers were drifted for rich streaks by miners 
with small capital, later the same deposits were profitably hydrauheked or dredged (385) Drift 
mining costs more than open-cut work, hence reqmres richer gravels to yield a profit Ordinary 
thickness of gravel mined is 5 to 8 ft, up to 10 or 15 ft m rare oases, and down to 3 or 4 ft, which is 
about minimum for economic work in flat openings. 

General plan. The methods of opening are the same ae for other underground mining 
(Art 14-16), w ith emphasis on a mode of entry that will drain the workings and eliminate 
equipment and costs for hoisting and pumping. But tunnel oi dnft entries are limited 
to bench gravels or other elevated deposits like the old Calif channels. Details of lateral 
DEVELOPMENT (Fig 857-859) vary widely with IocrI conditions. In general, a central 
haulageway is driven from the point of entry close to the long axis of the paystreak, 
and on or partly in bedrock; in Calif and Victoria, this opening is sometimes entirely in 
bedrock and connected by chute-raises with the workings in the gravel above. Cross- 
cuts are driven from the central drift to the Rim of the channel, or limits of the paystreak; 
auxiliary drifts also are driven in wide deposits. These openings have both a mining 
and an exploratory function, latter often predominating in fixing the dimensions of the 
blocks of ground. Mining is done by a form of longwall-retreating (Art 108), called 
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** breasting”; advancing longwall has been used in a few eases. Ground is broken with 
picks where possible; by hand drilling and blasting where necessary. Frosen gravel 
is usually thawed before it is excavated ; for exceptional case, see Idaho Mining Co, below. 
The roof of working places is temporarily supported by timber; posts and head boards 
serve in firm, cemented, or frozen ground; spiling or forepoling may be necessary in loose 
gravel. Barrows are best for transport in small mines or under low roof; otherwise tracks 
are laid along the working faces and the gravel shoveled into cars. Tracks are shifted 
bodily after the face has advanced 6-8 ft. Equipment for haulage, hoisting, and pump- 
ing is the same as in metal mines of similar area and output. 

Hg 857 typifies early work in Calif in wide deposits (456, 457). Main haulageways H 
are 6 ft by 6 or 7 ft in the clear, often requiring heavy drift-sets and close lagging. Some 



of these mines covered large areas, making the maintenance of haulage openings a serious 
Item. Crosscuts C and auxiliary drifts D are 5 by 6 ft or 6 by 6 ft, timbered and lagged in 
soft ground, but not in as permanent a manner as the main haulageway. Crosscuts C 
may be driven at an angle to the bedrock slope to secure the desired haulage gradient. 
Breasting begins at the ends of drifts D, and retreats towards the crosscut from which they 
wore driven. Successive positions of the working faces are indicated by dotted hnes S, 
Short breasts (Fig 857) allow partial control of roof press by regulating speed of advance 
and distance apart of working faces. In compact gravel requiring blasting, little care 
was taken to keep breasts “faced-up” evenly; it was cheaper to break from the corners 
of blocks. Fig 858 shows breast timbering at the Hidden Treasure (457); it is the usual 
form for soft gravel. 

Fig 859 shows a layout for jiaystreaks 75 to 100 ft wide, typifying early work in Alaska; 
also that in narrow paystreaks in Calif. Central drift D may connect with a shaft or 
an adit; it usually requires timbering 
even in frozen ground. Prospecting cross- 
cuts C are driven at intervals; in frozen 
ground they are generally untimbered. 

Breasting is carried the full width of the 
pay, retreating towards the point of 
entry. Breasts are timbered with sets 
in heavy ground, with posts and caps in 
moderately firm ground, or left untim- 
bered in solidly frozen ground. 

Fig 860 shows an advancing method of 
breasting. It has been applied in Alaska 
and Calif to narrow, irregular deposits Fig 860. Advancing System (after Ellis) 
where straight haulage drifts, driven 

ahead of stoping, are not feasible. A gangway is kept open through the worked-out 
area by timbering with light 3-piece sets and tight lagging (459). 

Washing gravel. At mines opened by a drift or tunnel, cars are dumped at the portal 
into a bin feeding a sluice. Sluicing is rarely continuous; bin is flushed out periodically 
by a small giant w'orking under low head. At shaft mines, gravel is usually hoisted 
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high enough above surface to give headroom for sluices and tailings disposal. Gravel 
may be dumped directly into a box (Fig 828) at head of an elevated sluice, or into a bin 
for intermittent sluicing. Latter plan is usual at small mines and where water is scanty 
or costly. Bins hold a day’s output; upper sluice boxes are cleaned up after each run; 
frequent clean-ups are advisable due to relative richness of gravel. In the far North, 



Fig 861. Arrangement of Self Dumper (after Katz) 


sluicing is impossible in winter; gravel is stacked on surface and sluiced in spring and 
Bummer. In Calif, tough cemented gravel is crushed in stamp mills fitted with coarse 
screens, and then sluiced. Gravel containing much sticky clay may be passed through 
trommels or puddled, before sluicing. 

Surface plant at Alaskan drift mines is marked by wide use of inclined cableways, the 
bucket of which descends into the shaft (Fig 861). For winter work, the structure shown 



Supporting dump over eloice by Supporting dump by posts set 

cribbing, so that settling will not iu boles thawed in muck 

affect sluice 

Fig 862. Methods of Protecting Sluice under Winter Dumps (after Ellis) 

for supporting the dumpbox is replaced by a sluice, built near the ground, and supported 
as in Fig 862. The carrier dumps in a conical pile over the sluice; hence, much of the 
winter dump can be fed to the sluice by gravity assisted by nozzle water in the spring. 

Examples of drift mining. 

California, early work (to 1890). Cost of 6 by 7-ft main haulageways in hard 
gravel, requiring blasting, $4-^7 per ft; smaller crosscuts and drifts, $3-$5. In ground 
less difficult to drill, and in picking ground requiring timbering, main tunnels cost $3-$4 
per ft; auxiliary openings, $1.75~$3. Table 144 shows effect of local conditions on costs 
at 4 typical mines (466, 460). 
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Table 144. California Drift Mines Operating about 1888 to 1880 (Brown) 



Hidden 

Treasure 

May 

Flower 

Paragon 

Red Point 

Character of pay gravel 

Lo 

He 

He 

Me 

Aver width breasted, ft 

250 

75 

50 

120 

Depth of gravel breasted, ft 

4-7 

2-14 

2-7 

2-12 

Broken gravel left in mine, % {h) . ... 

25 

35 

25 

30 

Length of channel worked, ft 

7 700 

3 900 

5 400 

2 300 

Length yielding pay, % . 

100 

66 

66 

66 

Aver grade of channel, ft per mile 

70 

60 


75 

Method of breaking ground ... 

Pc 

Db 

Db 

Db 

Method of treating gravel 

SI 

Mi 

Ml 

SI 

Aver output per 24 hr, ton 

275 

130 

30 

100 



Timbermen and rock-pilers . . 

12 






Miners in tunnels and gangways 

12 

12 

4 

7 



Miners in breasts 

86 

44 

16 

28 

XI 


Millmen ... 


6 

2 




Total men, surface and underground (6) . . . . 

120 

130 

27 

50 



Aver wages per man-day 

$2 15 

$2 75 

$2.70 

$2.40 



Duty in breasting, tons per man-day (c) 

3 20 

2 95 

1.87 

3.57 



Number of stamps 


20 

10 


Is 


Tons nulled per stamp per 24 hr . . 


6 5 

6.0 




Water per ton gravel, cu ft 


325 

325 

175 



Cost of milling' water power (d) 


$0 25 





steam power (d) 


$0 35 

$0 50 


Aver total cost, mining and milling (c) . 

$1 10./) 

$3 25 

$3 25 

$2 00 

Aver gross yield per ton gravel (g) 

$I 75 

$7 00 

$10 00 

$2 50 


Lo loose /ff = hard cemented ^fc = medium cemented Pc — picking and caving. 
Db - drilling and blasting SI => skucing Mi = milling (6) Includes surface and underground 
labor, but not management (c) Tons of pay-gravel per man-day computed from table (d) Per 
ton (c) Aver cost of labor and supplies for mining and milling (or sluicing) per ton gravel delivered 
during active operations on aver gravel breast, not including management, improvements, additions 
to plant, nor dead- work during periods of non-production See (P. (f) Includes management, 

(g) Pay-gravel delivered at surface, {h) Large stones thrown back from face. 


Vallecito- Western mine, Angels Camp, Cal. Data from C. E. Julihn and F. W. Horton 
(57) in 1938. A segment of Central Hill channel, 40-150 ft wide, aver 6 ft (max, 14 ft) 
deep, is opened by a 153-ft vert 
shaft and bedrock tunnel extending 
4 300 ft upstream. An abrupt rise 
of 5 ft occurs in bedrock 300 ft from 
shaft, beyond w’hich the tunnel, 
after following bedrock grade of 
1.25% for about 2 300 ft, gradually 
works into and under the bedrock, 
w'hich thereafter rises at a slightly 
steeper grade. The downstream 
portion, within about 1 700 ft of 
shaft, and while tunnel w’as still on 
bedrock grade, was mined from 2 
parallel drifts, one on each rim of 
channel, connected by crosscuts 100-150-ft apart. Breasting method (Fig 863) was 
applied to one 240-ft block in 1932; for details, see Bib (461, 18). 

Following notes from Bib (57) relate to subsequent work (1933-36) upstream. Where gravel 
lay above tunnel, it was attacked through raises spaced according to the vol of gravel accessible to 
them; where channel was 100-160 ft wide, spacing might be 50 ft, increasing to 125 ft in narrow parts. 
Gravel, not cemented but requiring blasting, w'as well rounded and heavy, writh many boulders, some 
6-10 ft diam; of ground mined, about 30% consisted of boulders left underground. Gold was coarse 
(90% on 20-me8h, with frequent nuggets up to 0 5 ot) and 75% of it was within a foot of bedrock, of 
which 1 or 2 ft was usually taken up Gravel was mined by breasting across full width of channel. 
Two rows of 6-ft holes, spaced 4 ft horis, one row 1 5 ft, other 3.5-4 ft, above bedrock, each hole 
loaded with 3-4 sticks of 40% dynamite, broke to height of 5 ft; another row gave added height, if 
wanted. Poets 10-12 ft apart, with headboards, wore all the roof support usually required. Broken 
gravel loaded into wheelbarrows, dumped down nearest raise, discharged into 1-ton oars, hauled in 
4-oar trains by storage-battery loco to transfer dump 300 ft from shaft, loaded into other cars, and 
trammed by hand to 1.5-ton skip in shaft. Waste, of deep bedrock cuttings and boulders for which 



Feet 


Fig 863. Development for Breasting, Vallecito Western 
Mine (18) 
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storage space was temporarily lacking, amounted to 31% of all material hoisted. Headframe bin 
discharged directly into 2>ft sluice 12 ft long, with only enough water to move 4 to 5-in stones: larger 
ones were picked out by hand; this sluice recovered 60-60% of the gold. Discharge from sluice 
passed into a disintegrator-trommel yielding plus 1.5-in (to dump), 1.5-0. 5 in, and minus 0.5-in sizes; 
2 latter were washed separately on sluices 12 in wide, at 4% grade, riffled with flat iron cross-bars, 2 
in wide, sloping 45** upstream. In Aug, 1936, 25 men on 3 shifts mined and washed 80 tons per day. 
During 45 mos, ending Aug 31, 1936, hoisting 40 967 tons of gravel and 18 102 tons of waste, direct 
mining and washing cost was $4.58 per ton of gravel; indirect and marketing, $0.51; total $5.09. 
Recovered value, $5 68 per ton of gravel. 


Calaveras Central mine, Ajigels Camp, Calif. Data from Julihn and Horton (67) in 
1938. Company said to control 3.5 miles along the Tertiary Central Hill channel, and 

has developed 3 roughly parallel 



pay streaks of different ages (others 
known in reserve) , lying on slate or 
schist bedrock and buried to depth 
of 250-350 ft by alternating beds of 
gravel and tuffs. Pay gravel is nor- 
mally limited to 3-4 ft above bed- 
rock (21 ft in one case) and 1-3 ft 
of the latter is usually taken up. 
Gravel is coarse, well rounded, and 
tightly cemented; boulders numer- 
ous; gold mainly coarse (over 10- 
mesh), associated with considerable 
pyrite and a little black sand. 
One paystreak (mainly worked in 
1932-33) was 50-70 wide; other 2, 
150-200 ft wide, of which only one 
was actively worked in 1934-36. 
Aver recovery from 138 750 tons of 
gravel and bedrock washed in 4.5 
yr, $4.94 per ton, incl some low- 
grade gravel moved in exploration; 
1935 aver, $5.17 per ton washed. 
Development is through 3-compt 
vert shaft 360 ft deep, and a cross- 
cut tunnel in bedrock passing under- 
neath the 2 channels now mainly 
developed; another 240-ft shaft 
affords ventilation. 

Drifts up and down stream from 
tunnel follow the 2 principal channels, 
developed (1936) for a total length of 
4 000 ft, with about 30 000 ft of work- 


plan 



Pay gravel Non -pay Bedrock 
gravel 

Fig 864. Room-and-pillar Drift Mining, Calaveras 
Central Minej 


mgs. Haulage drifts, 7 by 7 ft, on 1% 
grade, are advanced about 6 ft per shift 
by 2 men, drilling with hght drifters, 
shooting 8-10 holes with light charges 
of 40% dynamite, and loading 2-ton cars 
w'lth Eimco-Finlay loaders Use of a 
“car derrick” facilitates movement of 
cars at face without switches or side 
tracks. Fig 864 shows one method of 
mining Here the haulageway is be- 
neath the rim of the channel. Parallel 
headings //, 7 by 7 ft, are advanced like 
bedrock drifts; breakthroughs J divide 
the long pillars into square blocks* 
nearly all material from these opera- 
tions is loaded by Eimco-Finlay loader. 
Most pillars are recovered on retreat. 


For longwall work, as at FT, the same type of loader is employed by shifting the track close 
to the wall before blasting, so that most gravel will be thrown onto the track in better position for the 
loader. Caterpillar-mounted Nordberg-Butler shovel has also been used with advantage where a 
train of cars can be placed near the gravel pile. All gravel is loaded, including boulders (except a 
lew of the largest, and these are not piled) since the cost of piling by hand exceeds that of loading, 
tramming, and hoisting them. Boulders too large for the loaders are sledged or bulldosed. Enough 
bedrock is taken up and treated as gravel to insure recovery of gold in its crevices. Drag scrapers 
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have been used ezperiiaentally, loading into oars through a hole in a raised platform. Under favor- 
able conditions (a large area of well drained and previously broken or caved gravel) scrapers were 
expected to be advantageous for handling low-grade gravel, provided haulage, hoisting, and washing 
facilities were adequate for the enlarged output. Trains of 4-6 2-ton cars are hauled by storage- 
battery locos to shaft pocket, loading into balanced 2 5-ton skips which dump into mill bin. Waste 
from V^drock drifts, 26-30% of all material hoisted, is handled similarly, but discarded at surface by 
a 200-ft stacker belt Mine water, 150 000 gal per day, pumped by 50-hp turbine from shaft to 
a tank above the mill, supplies an ample quantity for washing Costs. During 1933-34, gross out- 
put (gravel 75%, waste 25%) was 83 419 tons (aver, 114 tons per day) at cost of $1.89 per ton for 
mining and washing, excl deprec, depletion, and general overhead. Costs per ton varied inversely 
with monthly output, from $1 40 on 6 507 tons (209 tons per day) to $3 04 on 1 271 tons (41 tons per 
day). These costs, largely the result of mechanization, compare favorably with those of earlier 
years when abundant cheap labor was available. 

Dakota mine, Rivulet, Mont. Data from E. D. Gardner and C. H. Johnson in 1935 
(18). Deposit was only 6-20 ft wide, under 80-ft cover, 7 ft of gravel was mined, of which 
much was boulders. An adit was started in the face of old hydraulic workings and driven 
150 ft through previously drifted ground to reach virgin gravel. Thereafter face was 
advanced full width of deposit, with round-timber sets, 4 ft c-c. Caps, 12-15-in diam, 
were usually 10-14 ft long, depending on width of channel ; min width of 10 ft was required 
to stack boulders; posts, 9-12 in; girts, 6 in. Top lagging, 4.5 ft long, of split poles, was 
driven ahead as ground was picked out. All rock over size of man’s fist was stacked on 
sides of opening, except large boulders for which there was no room; boulders too large 
to handle were blockholed. Dry walls, built on each side of 18-in gage track, left only 
enough room for passage of an 8-cu ft car, 3 ft wide. Two men worked on each of 2 
shifts, mining and washing 30 cu ft (1.7 tons) per man-shift. Labor cost {@ $4 per shift), 
$2.35 per ton; total cost, incl supplies, about $2.60 per ton of material trammed. 

Alaska. Wimmler (188), in 1927, stated that drift mining had then become practically obsolete 
at Nome and elsewhere in Alaska, except in the Yukon-Tenana valley and a few other interior dia- 
tricts Formerly, a large drift mine would employ 30-50 shovelers and clean 100 000-200 000 sq ft 
of bedrock in a season; by 1927 there were less than a dozen mines emplo 3 dng as many as 15-20 men 
and cleaning 50 000 sq ft; but at numerous places 2-6 men, with old and inefficient equipment and 
working 1 shift, were cleaning 10 000-30 000 sq ft of bedrock per season. Most drift mining m 
Alaska has been in permanently frozen gravel, at depths of 25-200 ft They are developed through 
shafts, usually 7 by 7 ft, which can be sunk by 2 men at 5-8 ft per shift, after thawing; thawed muck 
can be bailed out. Cost, if little or no timber, $(>-$12 per ft; if close cribbed with round timber, 
with a framed set at bottom, $10-$20 per ft, some deep shafts in bad ground, $25 or more per 
ft (For thawing, see Art 131). Aver duty per man picking, shoveling, and wheeling 200-300 ft 
from working places to shaft, 75-125 barrow loads in 8 hr , equivalent to 20-40 sq ft of bedrock under- 
lying 5-6 ft of gravel, aver, 26 sq ft (5 cu yd) Cost is often stated on basis of bedrock area cleaned. 
During chief activity at Fairbanks, some costs were 40f? per sq ft, a few at Nome, only 25^; usual 
costs at Fairbanks in 1927 were 60^-$l per sq ft; aver about 75< In Tolovana dist, 50^-75^; 32^ at 
one specially favored mine In Ruby distr (1922), where channels are narrow (about 75 ft) and 
other conditions adverse, 60fh-$l 25, aver 85^ per sq ft or $5 per cu yd, of which 45^ per cu yd was for 
thawing and 35^ for sluicing Central Alaska and the Yukon are essentially high-cost regions due 
to high wages, scanty supply and high prices of many supplies (incl large transp costs), and short 
working season of 3-5 mos Most mines pay wages plus board; general labor in 1926 ranged from 
$6 50 in larger and more accessible districts to $12 at moie remote; board cost $l-$4 per day. Some 
mines paid a bonus of 50^ per shift to men who stayed during a whole season. Old system of lower 
wages in winter was not in effect in 1926. Underground mines usually worked 2 8-hr shifts. 

Nome, Alaska; data by A. Gibson, 1914 (454, 462). Table 145 shows data for 5 successful 
drift mines in frozen gravel. All thawing was done during night shift; mining, in day shift only. 
Water for sluicing was pumped by independent distillate engines; mines No 2 and 3 were under same 
management with a common pumping plant , head on pumps about twice that at mines No 4 and 5. 
Other conditions affecting costs were as follows Mine No 1. All mining done in winter; 1 5 ft of 
bedrock mined. As much as possible of the winter dump (6 520 cu yd) was hydraulicked into 
sluices, the rest shoveled in; sluice tailing was removed wth horse scrapers. Water was pumped 
day and night for 18 days in larger amounts than necessary Mines No 2 and 3: All summer work; 
1.26 ft of bedrock was mined. Gravel was dumped into bins and sluiced intermittently (about once 
a day). Mine No 4: Preparatory work was done in early spring; all mining and sluicing in tJie 
summer; 1 5 ft of bedrock was mined Gravel handled on the surface as at No 3. Mine No 6; 
Spring and summer work as in No 4 Pay-gravel averaged 2 in above, and 2 ft in, bedrock. Gravel 
was dumped into a mud-box; sluicing was continuous, hence pumping was continuous on day shift. 
The bedrock in No 1, 2, 3, and 4 was mica schist; at No 5, black slate. The waste or overburden at 
No 1, 2, and 3 was coarse sand; at No 4, sand and clay; at No 5, light gravel or sand. 

Wild Goose mine, Nome, Alaska. E. E. Fleming (681) describe* a system of caving in blocks 
employed in 1905, after typical Calif method (as at Hidden Treasure) had proved dangerous from 
caving, and costly, from loss of all timber (@ $60 per M, plus frt from Nome) Channel was 80-110 
ft wide and nearly straight; mining took out 1 5-2 ftH)f mica-schist bedrock and 2 ft of gravel, 
unfrozen and loose. From shafts 69-140 ft deep, usually 40 ft and never less than 25 ft outside of 
deeper edge of channel, crosscuts were driven to about center line of channel, and turned both ways 
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Table 146. Data on Drift Mining, Nome, Alaska, in 1914 (Gibson) 



Mine No 

1 

2 

3 

4 

5 


Depth of shaft, ft 

53 

81 

81 

45 

50 

1 

Thickness of pay-gravel, ft 

2 5 

2.5 

2 5 

3 5 

2. 166 

*0 

Thickness of waste, ft 

1.5 

2 

2 

1.5 

2.333 

S’ 

Total height mined, ft 

4 

4.5 

4.5 

5 

4 5 

'•§ 

Total boiler hp 

45 

70 

70 

35 

50 

i 

Thawed per day, cu yd 

128 

205 

257 

128.6 

327.1 

1 

Pay-gravel hoisted per day, cu yd * 

80 

114 

143 

90 

157.5 

a 

Capac of bucket, cu ft (a) . 

18 

16 

24 

13.5 

13.5 

« 

C 

Aver number of buckets hoisted per 
day 

120 

192 4 

161 

180 

315 

1 

Length of steam points, ft 

7 

7 

7 

6 

7 

Number of steam points 

40 

90 

90 

25 

46 

Steaming time, hr 

9 

12 

12 

8 

11 

.1 

Hp per steam point 

1.12 

0.78 

0.78 

1.4 

1.08 

1 

Depth thawed, ft 

8 

7 

9 

7.5 

7.5 

i 

Sweating time, days 

1 

2 

2 


1 2 5 


Duty, cu yd * per point per day . 

3 2 

2 28 

2 85 

5 14 

7.11 


For thawing, gal per day 

168 

168 

168 

84 

210 


For hoisting, gal per day 

52 5 

42 

42 

31 5 

52 5 

*3 

Per cu yd * thawed, gal 

1 3125 

0 8195 

0.6537 

0 6533 

0 6419 

o 

Per cu yd * hoisted, gal . . 

0 656 

0 368 

0 294 

0 35 

0 333 

g 

Total gal per cu yd * of pay gravel 

2 756 

1.842 

1 469 

1.283 

1.667 

*5 

Distillate per day, pumping sluicing 
water, gal 

132 8 

30 

30 

14 

18 


Distillate per cu yd * sluiced, gal 

2 73 

3 80 

4 77 

6 43 

8 75 


Crude oil per bbl at mine 

$2 97 

$3 30 

$3 30 

$2 90 

$2 71 


1 Distillate per gal at mine, i 

24 25 

25 17 

25 17 

25 5 

25 83 


Thawing: pointmen 

3 

3 

4 

2 

2 

0 

fireman 

1 

1 

1 

1 

1 

a 

Mining: manager 

1 

V2 

1/2 

1 

1 

*0 

foreman 

1 

1 

1 

1 

1 


engineer 

1 

1 

1 

1 

1 

1 

laborers 

16 

17 

17 

9 1 

20 

a 

3 

Sluicing: engineer 

(/) 

1/2 

1/2 


1 

z 

laborer 

(/) 

1 

1 

r ’ 



Total per day 


25 

26 

16 

27 


Duty of labor (cu yd ♦ per man-day) 
Thawing waste and pay-gravel (5) 

32 0 

51 25 

51 40 

i 

42 85 

109 04 


Mining waste and pay-gravel (c) 

7 11 

10.79 

13.53 1 

11 69 

14 87 


Mining pay-gravel only (d) . . . 

4.44 

6 0 

7.53 

8.18 

7 16 


Sluicing pay-gravel ^sluicing labor) 

18 11 

76.0 

95.33 1 

90 0 

157 5 


, Thawing, mining and sluicing (c) 


4 65 

5 61 1 

6 0 

6 06 


* Loose gravel, not place measure (a) Bucket of self-dumping cableway (Fig 861). (b) Point- 
men and fireman (c) Foreman, engineer and laborers. Duty, laborers only, 8, 12.06, 15 12, 14 28 
and 16.36, respectively, for the 5 mines, (d) Foreman, engineer and laborers Duty, laborers 
only, 5, 6.7, 8.41, 10, and 7 87 cu yd, respectively, (e) All labor but manager included. (/) 10 men 
emploj^d per day while upper part of winter dump was being slmced; 21 men per day during time 
it was necessary to shovel-in. 


into drifts 300 ft long; a crosscut both ways from end of each drift then divided the channel into sec- 
tions 600 ft long Beginning at outer ends of most remote crosscuts, blocks never more than 10 ft 
square were extracted as in Fig 865, using 8 by 8-in posts at 3 ft c-c, with 3 by 12-in headboards; no 
headboard was permitted to rest on 2 posts. Runs of gravel from sides were stopped by temporary 
lagging. When No 1 block was finished and floor cleaned, its 2 gravel faces were close lagged behind 
posts with 2 by 6-in plank, and all other posts were pulled out; roof usually caved at once, filling 
block Bohdly. Block No 2 was then worked back towards No 1, the intervening posts and lagging 
being drawn before pulling posts in No 2 Successive blocks were mined in the order indicated. A 
second crosscut had meanwhile been driven 20 ft back, and its 10-ft blocks were removed in same 
way. This system provided 4 working places at a time, besides crosscut headings, tributary to 
shaft, keeping hoist busy. Loss of timber in one 600-ft section, full width of channel, was only 6 000 
bd ft; shaft timbers were recovered when walls frose in winter. 

Fairbanks, Alaska; data from J. F. Newsom; see also Bib (400). 80% of productive deposits 
are at depths of 40-260 ft; all lie in valley bottoms with flat gradients; most of them solidly froien. 
Transport difficult and water supply meager. Work covered by Table 146 was done prior to 1909. 
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Idaho Mining Co, on Little Eldorado Cr, Fairbanks, Alaska, made successful use of wet 
jackhammers for working solidly frosen gravel at 166-ft depth (188); mining took 3.5 
ft of gravel and 1.6 ft 
of bedrock. Gravel 
was tight, containing 
numerous large and 
hard boulders, but only 
about 6% of ice. Drill- 
ing was applied first 
to holes for “sweater” 
pipes (Art 131); 1 man 
could drill 209-ft holes 
and put in their sweat- 
ers in 8 hr, at cost of 
05^ per hole, whereas 
(under previous meth- 
od of point thawing) 

2 men could set only 
4-6 points in 8 hr, due 
to difficult driving. 

Thawing for 40-45 hr 

under steam and 24 hr standing usually reached 18 in beyond end of pipe, or 40 sq ft per 

sweater. The Co next used drills for blasting un- 
thawed gravel, following typical Calif system of breast- 
ing from crosscuts, which (as also the drifts) required 
no timbering. A man could drill and shoot 150 ft of 
holes per shift, breaking 100 sq ft or 17 cu yd; cost for 
explosives (0.4 lb per sq ft) was 60^ per cu yd. Broken 
gravel was dragged from faces by 12-cu ft bottomless 
scraper and loaded into cars. Exceptionally small pro- 
portion of ice in this gravel made thawing before sluic- 
ing unnecessary. 

Victoria “ deep leads,” Austialia, are old river chan- 
nels under 250-400 ft of alluvium, frequently capped 
with basalt flows, and sometimes as much as 2 000 ft 
above level of present streams. Workable gravel, not 
always m deepest part of channel, is up to 15 ft (aver 
3 ft) thick; gold mainly confined to lower 1-1.5 ft of 
gravel and upper 0.5-1 ft of bedrock, usually kaolinized; 
bedrock gradient, 20-40 ft per mile. Drainage of chan- 
nel is first requisite and development is planned accord- 
ingly. Shafts are usually m bedrock at side of lead, to 
avoid costly sinking through loose, wet sand (Fig 866). 
From shaft bottom, 80-100 ft below channel, a “main 
reef” crosscut C is driven under the lead. From a point 
under the middle or deepest part of the lead, drifts Z>, 
called “main reef drives,” are driven in both direc- 
tions under center line of channel; they are on an 
up grade, for drainage and haulage. Mam reef drive D is usually timbered with 12-in 



Kig 865 Block System, Wild 
CJooee Mine 


Table 146. Drift Mining, Fairbanks, Alaska (J. F. Newsom) 


(а) For 17 claims 

(б) For 14 claims 

Fairbanks Creek 

Cleary Creek 

Max 

Min 

Aver 

(a) 

Max 

Min 

Aver 

(b) 

Total depth gravel, ft 

55 

14 

26 7 

90 

12 

45 

Width of pay, ft . 

450 

70 

193 

350 

80 

192 

Height gravel mined, 
ft 

16 

2 5 

4 9 

9 

2 5 

5 2 

Depth bedrock 
mined, ft 

3 

1 

1 3 

2 5 

0 5 

1.9 

Total boiler hp . . . i 

50 

15 


50 

9 


Hp of hoists 

48 

6 


38 

6 


Operating cost per 
aq ft 

$1.30 

$0 75 

$I 00 

$I 30 

$0 65 

$0.85 

Total coat per aq ft 

$i 40 

$0 87 

$l 13 

$l 51 

$0 80 

$1.02 

Total coat per cu yd i 

$7 85 

$2 44 

$5 40 

$9 70 

$2 58 i 

$4 50 



'Sump auU pumps 


C Main ivef dilve 

Cross-Sec 

Fig 866. General Scheme of Development, Victoria Deep Leads 


round timber; caps 5.6 ft long; posts, 8.5 ft. At 50-ft intervals along drift D, holes are 
drilled upward into the water-laden gravel. Later, usually at 300-ft intervals, raises 
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are put up to finish drainage and to serve as orepasses and manways; complete drainage 
may require 3-5 years, pumping 2-6 million gal per day. Fig 867 shows usual dsyelop- 
MENT in “wash” (gravel), cutting area into rectangular blocks, drifts and crosscuts being 
advanced by spiling. Posts in “main wash drive” E are 7 ft long; caps, 4-6 ft. In 
“trucking drives” F, posts are 5.5 ft long; caps, 3-^ ft. Mining in 1935. Two methods 
used: (a) “blocking,” (6) “paneling.” Blocking method is adopted where wash is 
very loose, with large boulders, or where thickness of pay gravel is over 4 ft. Develop- 


Chute ^ 5:to malu^ ^ reef ;; ^ drive ^ ^ 

^ Cro*,8cvit 
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' ^^ Z y 77 77^ 


I r 
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H 

Fig 867. Development and Mining of Victoria Deep Leads by Block System 


ment divides wash into strips 40 ft wide (Fig 867) ; distance between crosscuts, usually 
300 ft. Midway between crosscuts, “blocking diive” G is driven 20 ft at right-angles 
to length of strip. At same time, a similar drive is put m from trucking drive on other 
side of strip, the two holing at the centei. Drives G are timbered with 8 to 9-ft caps on 
3.5 to 4-ft posts (6 in round). Spiling “laths,” 8 by 2 in, are driven ahead, gravel is 
dug out, and next set erected; sets are at 4 to 5-ft intervals. Floor of G is at about same 
elev as that of F. Gravel is shoveled into cars and dumped into nearest raise. On com- 
pleting one blocking drive, another is 
started alongside, working successively 
toward the wash crosscuts at both ends of 
strips, as indicated by numbers in Fig 867. 
No timber is salvaged from the workings, 
which soon cave. Paneling is employed 
where gravel is finer or where gold is 
confined to bottom 2 or 3 ft of wash. 
Principle is same as in blocking, but 
trucking drives are 32 ft apart (instead 
of 40) and “panel drives” are 4.6 ft wide 
(instead of 9 ft). Panels are closely timbered with 8 by 2-in caps, 4.5 ft long, supported 
by props of 2.6 to 3.5-in split timber (Fig 868). Gravel is shoveled back to mouth of 
panel drive and into car in truckmg drive. On “main reef” level, elec locos are cus- 
tomary. Ventilation is important in deep-lead mining, as foul gases tend to exude 
from the gravels (628, 682, 683). 



Fig 868. Paneling, Victoria Deep Leads 


131, THAWING FROZEN GRAVEL 

General. In Alaska, Yukon, and Siberia, the earth or muck overlying most placer 
deposits, and usually the gravel itself and underlying bedrock, are permanently frozen. 
Such ground gives little trouble in deposits that can be hydraulicked ; the muck is thawed 
by allowing water to run over the surface; frozen ridges left between channels thus formed 
naturally, or may be thawed and stripped more quickly with giants. When a pit 
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has been opened, bank and giant water aid in thawing gravel faces and new surfaces 
are constantly exposed to solar heat. In drift mining (Art 130) no stripping is necessary, 
but the pay streak must be thawed. In dredging (Art 128) the muck must be thawed 
and stripped and the entire gravel bank thawed. Adequate (not necessarily perfect) 
thawing is essential for successful dredging (435) to save excessive wear on machinery, 
permit efiic digging, and to avoid loss of gold encased in frozen lumps rejected by the 
screen. While most gravel can be sufficiently thawed in a short time to permit dredging, 
it is best to allow thawed ground to stand several months, during which small isolated 
frozen patches may continue to thaw. 

Thawing methods were developed in drift mining. Early shaft sinking and drifting in Alaska 
and elsewhere were done with wood fires and hot stones, these are still used by prospectors, but boilers 
light enough to be earned by 1 or 2 men are now obtainable, and permit steam thawing for prospect- 
ing and exploration in remote districts (386, 390, 408, 455) Steam-thawing, introduced about 
1898, developed rapidly; steam is earned into gravel through pipes ternunating in a bit or “point” 
(Fig 870), the method was soon applied to thawing frozen ground ahead of dredges. Numerous 
experiments have been made with hot water instead of steam, but with indifferent success; C. Janin 
in 1922 traced the development of thawing methods, and summarized available data in Bib (629). 
Since 1917 cold water has largely replaced steam for thawing dredging ground. 

Physical properties of frozen gravel (Table 147). Extensive tests in 1912 by H. M. 
Payne, on permanently frozen gravel in the Klondike, gave following results; temp (F) 
of bedrock, 2°-14°; of 
gravel, 17°-22®; of black 
muck, 17°-24°; of sandy 
muck, 19® - 24°. Mean 
tt»mp of frozen ground de- 
pends solely on the kind of 
material and not on its 
depth, depth of frost line 
or water level, nor on pres- 
ence or absence of muck 
OA erburden, A. Gibson 
states that the temp of 
perpetually frozen ground 
on Sew'ard Peninsula is 
about 28° F, except w'hen 
near thawed ground; he 
estimates the sp heat of 
gravel at 0 2. Nearly all 
the heat rcquiied to thaw frozen ground is that needed for converting ice into water; 
hence percentage of ice m gravel sliould be determmed m estimating probable fuel or 
water requirements (454, 451, 629). 

Comparison of thawing media. Experiments by J H. Miles, of Alaska Mines Corp'n, 
in 1917-1918 at Nome, in thawing deep dredging ground with steam, hot water and cold 
water, are described by W. S. Weeks (644) as follows: 


Table 147. Physical Properties of Frozen Material (393) 


Aver of tests on 46 samples 

Black, 

sandy 

muck 

Gravel 
and sand 

Bed-rock 

Sp gravity, frozen 

1 401 

2. 189 

2.590 

Sp gravity, thawed and dry. 

2 411 

2.691 

2 655 

Sp heat, frozen . . 

0 196 

0.172 

0 183 

% ice, frozen ground [ ^ 

l by wt 

68 2 

44 7 

29.1 

16.0 

9.6 

4 26 

% solids, frozen ground | 

31 8 

55.3 

70.9 

84.0 

90.4 

95.74 

% voids, frozen 

0 0 

1 28 

0 0 

voids, thawed ... . . 

6 1 

3 97 

1.65 

Lb ice per cu ft frozen ground 

39 II 

22 00 

6.96 

Lb solids “ “ “ “ 

48 39 

115 50 

154 94 


Muck* 
Muck and sand* 
Quicksand* 
Sand, tome fine gravel* 

Sandy clay and gravel* 

Sandy clay and ^ 
medium size graveri*^ 


Bedrock 



Fig 869. Comparison of Thawing Media 


Depth of ground, approx 42 ft; character is shown in Fig 869 Thaws were made with super- 
heated steam, saturated steam, hot water and cold water; in each case the thawing agent was intro- 
duced at bottom of a churn-drill hole In following winter, when surface water was frosen, shafts 
were sunk on these holes and the thawed volumes computed. Fig 869 shows oross-seo of a thaw of 
each type. Results (Table 148) show relatively high utilisation of heat available for thawing with 
cold water and very low utilization for steam and warm water. Tests with superheated steam 
indicated that most of its heat was expended in heating a relatively quiet pool of water around the 
1—31 
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Table 148. Tests on Thawing Media, Alaska Mines Corp’n, 
Nome, 1917 (644) 



Super- 

heated 

steam 

Satu- 

rated 

steam 

Warm 

water 

Cold 

water 

(a) 

Length of test, hr 

156 

98 

67 

192 

Oil burned, gal per hr 

n.25 

9 

6.04 


Temp of steam or water at 
points, deg F 

590 

250 

105 

52 

Temp of water at surface . . 

140 

104 1 

70 

(c) 

Volume thawed, cu yd 

109 

83 

81 

511 

Rate of thawing, cu yd per hr 

0 7 

0 85 

1.21 

2.66 

Efl5c of heat utilization, % (6) 

3 8 

5 80 

12 30 

57 40 


(a) 20 gal per min supplied under 40-ft head (b) Computed for 
steam and not- water tests as: [heat units required to melt the ice m 
the gravel (about 10% of its wt)l -i- [heat units in fuel burned X 50% 
boiler efficl. In cold-water test, the divisor in the above ratio was 
taken the heat units available in the vol of water used, between 
62® F, the temp of entering water, and 32® F. (c) Temp of outgoing 
water varied during test; at end of 192 hr it was 36® F (644). 


pipe. Also, steam failed to 
penetrate clay layers appre- 
ciably, while clay did not 
impede action of cold water. 
Hot water gave uniform 
thawing, but was ineffic; 
this test was shorter than 
the others and its results 
are not strictly comparable. 
Miles obtained a patent 
(U S, No 1 339 036) in 1920 
on his cold-water thawing 
method. Alaska Mines 
Corp’n made further tests 
with cold water on a work- 
ing scale in 1919 and adopted 
the method; in 1920 this 
Co thawed 88 807 cu yd of 
frozen ground with cold 
water, at aver cost of W.bi 
per cu yd (629). 


Steam points. Fig 870 shows typical head and tips. Steam thawing in drifting 
(Art 130). The point is pressed firmly against the face, and steam turned on. In a 
few minutes, the point begins to sink into the face; it is gradually worked in to its full 
length, being alternately rotated, driven wuth a hammer, and allowed to stand. Points 
can not be driven faster than the gravel thaws ahead of them; heavy blows are avoided, 

except where required by tight 




^ UoUu« drill ttoel (round) 

STEAM POINT 




as they may injure the 



ground, 

point. 


H. I Ellis gives following data at 
Fairbanks in 1915 (455) Diamond or 
square bit (a), Fig 870, is used m easy- 
driving ground, where stones can be 
pushed aside Chisel bit (6) is for hard 
driving, requiring actual drilling, a 
cro.ss-bit (as for rock-drills) is used 
where chisel bit is hard to turn Steam 
points are 8, 10, 12, 16 and 20 ft long 
(some 5~7-ft points are also needed) , 8-ft 
is commonest, deep holes start with short 
points For thawing breasts, the points 
are driven near bottom of face and 


ft Plus Tee 



H Oaa pipe 




Hose olemp 
lloM 

Fig 871. Sweater 


spaced 2-4 ft apart across it (Fig 860). There are 2 modes: (o) Enough points are driven to thaw 
required length of face, steam is usually kept on 6-10 hr, points then withdrawn and gravel allowed 
to "sweat” before being picked down. (6) Only 1 point is used on a face; after driving it home, it is 
withdrawn and replaced by a "sweater” of 1/4 or S/g-in pipe (Fig 871). Before turning on steam, 
the pipe is plugged in collar of hole with gunny sacking This is repeated for holes over the entire 
face. Plan (6) is replacing (a) ; sweaters cost much less than steam points and obstruct shovelers less 
if gravel settles during thawing and prevents withdrawing the sweaters In easy ground, 2 men work- 
ing separately can drive more points than 2 working together; but they usually work in pairs, one 
striking, while the other rotates the point Depending on character of gravel, 1-6 pomtmen can 
thaw gravel for 16 shovelers. At Nome good pointmen, working under plan (a), often drove 20 o-ft 
points in 10 hr. 

Steam is distributed in uncovered 3 / 4 -in pipes, carried on posts of haulageway sets and laid on the 
breast floor about 10 ft back from face. Points and sweaters are connected by crosshcads (Fig 872). 
Ordinary press, 90-100 lb Thawing time varies with depth of thaw, spacing of points, character of 
gravel and effective steam press Ellis says that at Fairbanks a 5-ft paystreak of loose gravel, rela- 
tively free from clay or sediment, can sometimes be thawed to depth of 9 ft in 10 hr, using 8-ft points 
under 100-lb press. W. H. Sirdevan states that at Nome a 6-ft point, thawing for 6-10 hr under 
90-l(X) lb press and followed by a sweating period (without steam) of about 20 hr, will thaw a block 
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of gravel 6 ft long by 3 ft wide by 3-4 ft high, or 2-2.6 cu yd. In drifting in Klondike, 6-ft points 
aver 3 75 cu yd per 10 hr (408). Boiler capac varies locally, but is about 1 bhp per point. When 
drift mining on Third Beach at Nome was at its height, the bhp per point was 1-2, aver 1.6; atten- 
tion to detail reduced this figure. Sec Art 130, and Bib (390, 408, 451, 455, 454, 629). 

Steam-thawing dredging ground. Steam points are driven vertically to bedrock, advancing 
as fast as thawing ahead of point will permit. Methods of Yukon Gold Co, described by Perry in 
1915 and McCarthy in 1914 (451), illustrate good practice 
at that time. Points, as in Fig 870, were of extra heavy 
pipe 0.75-1 in diam; driving head was drop-forged; tips, of 
tool steel, had Vl6-in discharge opening. Points, set in 
holes made with crowbars to frost line, were alternately 
struck with a 4-lb hammer, rotated and allowed to stand. 

Boulders were drilled by a cutting bit on the point, or by 
withdrawing the point and using a jumper. Aver rate of 
thawing, about 2 ft per hr; points were driven as deep as 
40 ft; points had to be driven 4-6 ft into bedrock; then 
allowed to steam 12-48 hr. Boiler plants comprised 2 or 3 
loco-type 150-hp boilers ; the aim was to carry 25-lb press 
at the points; fuel, wood Steam lines were asbestos covered 
and cased in wood boxes packed with sawdust; branch 
lines were 1.5-in and often several hundred ft long; at 8-ft 
intervals along them were nipple connections for Vs-in 
armored hose, leading to the points Batteries of 150 or 
more points formed a unit Costs varied locally, with 
depth and character of ground, driving troubles, time of 
steaming, cost of fuel, etc, from 12 to 20^ per cu yd See 
Bib (629) 

N. L Wimmler (188) gave following data on Alaska 
practice just prior to 1927. (1) Otter cr, Iditarod. Gravel, 

14 ft deep, 150-hp boiler supplied 95 points, thawing cost, 

30-45^ per cu yd (2) Same location, 200-hp boiler for 110 
points thawed 100 000 cu yd in 1 season, cost 33fi per cu yd. (3) Candle cr, Kuskokwim. Gravel 
15-18 ft deep and less than half w'as frozen, muck removed previously; 100-hp boiler for 80 points 
spaced 6 ft c-c, fuel per day, 12 cords wood @ $10; employed 10 men per shift and thawed 100 000 
cu yd in 1 season, at 25fl per cu yd. 

Cold-water thawing is done by injecting water at normal surface temp and under 
press (from ditch, if possible, otherwise from pumps) into the gravel through pipes resem- 
bling steam points. Fig 870, or sweaters. Fig 871. The water returns to surface through 
the ground surrounding the pipe; as thawed ground tends to settle, it opens a channel 
for the rising w ater along the under surface of still frozen ground, thus promoting effic 
of operation. Presence of former drift workings often complicates procedure. Water 
points or sweaters, driven to bedrock like steam points, have been widely used on dredging 
ground in the North. 

Alaska. N. L, Wimmler gives following general information (188) in 1927. Alaskan 
surface waters reach 50° F or over only during 3.5 summer months; occasionally G5°-70® 
for short periods; water may be 6°-8° colder at night than in day. Best thawing results 
when water rises from points at not less than 36°-38°; only about 8°-15° of available 
temp can ordinarily be utilized; effic is highest at start of thawing. Amount of water 
varies widely; one case at Nome, thawing 60 ft deep, supplied 1-1.75 miner’s in of ditch 
water per point, at 30-80 lb press; another pumped 1 000 gal per min to supply 100 points 
at 17.5 lb press; Yukon Gold pumped 3 500 gal per min for 100 points. Excessive press 
may cause pipes to rise, but 60 lb is more effective than 40 lb. Water thaws more slowly 
than steam; hence 2 men can manipulate twice as many water points as steam points, 
say 10-25 or more, depending on difficulty of ground and temp of water; aver advance 
of water point, 0.75-1.5 ft per hr. 

Water points are usually staggered in straight rows, on 8-16-ft centers; in 60-ft gravel at Nome, 
with slabby boulders on bedrock, holes at 32-ft centers were churn-dnlled in winter and thawed next 
season. Under aver conditions, points at 8-ft centers finish thawring in 4-8 days; at 10 ft, in 8-12 
days; at 16 ft, in 10-14 days; at 32 ft (Nome) in 10-12 weeks. Thaw'ed gravel freezes to depth of 
only 2-5 ft during a following winter. Water-thawed gravel is easier to work than that thawed 
naturally or by steam, especially if much clay is present, since circulating water assists in disintegrat- 
ing clay. In general, water thawring costs 7-15^ per ou yd; Yukon Gold, having to pump water, 
thawed for 10-14^ per cu yd; at Fairbanks Cr, writh small and erratic supply of ditch water, cost was 
10-12^ per cu yd. 

Yukon Consol Gold Corp. Data from W. H. S. McFarland (434) and G. R. F. Troop 
(435) in 1939; statistics and costs from Mr. McFarland in 1940. Company aims to 
gain at least 2 years' reserve of thawed ground ahead of a dredge, requiring operation of 
5 or 6 “units” of 400-700 (usually about 600) points each. Thawing season begins about 
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May 10 (preparation, nearly a month earlier) and ends about Sep 26. Equipment is 
mainly like that at Nome and Fairbanks. 

From its main source (usually a pump), water passes through a 12-in gate-valve into a line of 
langed pipe reducing in steps from 11 in to 8 in; tWs line has 6-in outlets, each with a gate-valve, 
spaced 27 ft 7 in apart, aver “unit" has 12 such outlets. Header pipes, one for each outlet, are 6-in 
tnd 4-in slip- joint pipe in 16-ft lengths, each length having a 2-in threaded outlet at center. By 
sombination of bushings, nipples, T’s, or crosses, water is finally delivered through individual cocks to 
L-in hose, 16 ft long, feeding the points , usually 2 (occasionally 4-6) points are supplied from each 
>utlet in the header; usual press, 20 lb per sq in. Normal spacing of points is at corners of 16-ft 
equilateral triangles; sometimes reduced (when much muck remains to be thawed) to 4 ft. Points 
ire of 0 75-in extra-heavy pipe in 10-ft lengths, with a chisel bit of high-carbon steel welded to lower 
end. Points are driven by hand, using a cyl slotted weight to fit around the point, and kept in place 
5y a 3/8-in crossbar which also serves as handle. The weight strikes a collar firmly clamped to the 
>oint by swing-bolts; a wooden handle bolted to the clamp serves to twist the point. For rate of 
Iriving, and thawing duty of water, see Table 149. Extra-heavy V2“in pipes, without cutting bite, 


Table 149. Data on Cold-water Thawing, Yukon Consol Gold Corp, Ltd 

(From W. H. S. McFarland, Gen Mgr, in 1940) 


Dredge No 

4 

5 

6 

Year 

1937 

1938 

1939 

1936 

1937 

1938 

1939 

1938 

1939 

Wer depth muck, ft . . 

9 6 

4.5 

7 4 

12 8 

12 4 

6.5 

4 5 

9 1 

5 2 

!)redge section (a) . . . 

15 1 

22 8 

23 9 

17 8 

17 5 

21 3 

22 6 

28 8 

30 2 

Total depth 

24 7 

27 3 

31 3 

30 6 

29 9 

27 8 

27 1 

37 9 

35 4 

yd thawed .... 

1 253 951 

1668 295 

542 989 

2 046 748 

1 546 613 

206 954 

1 057 711 

555 159 

555 187 

Yater used, in-days (5) 

113068 

216 759 

126 279 

153632 

132 272 

50 622 

102 080 

99 857 

112 242 

Iver temp water, °F 

49 6 

44 8 

47 9 

49 0 

48 8 

48 7 

45 9 

44 8 

47 5 

Duty of water (c) . 

II 08 

7 70 

4 30 

13 35 

II 68 

4 08 

10 36 

5 55 

4 94 

n-day-deg per cu yd (d) 

1 70 

1 66 

3 70 

1 27 

1 43 

1 75 

1 34 

2 31 

3 13 

Total point footage 

138 505 

184 713 

72616 

234 794 

201069 

91 531 

128 430 

104 580 

155 521 

♦"t driven per man-hr 

5 5 

9 0 

6 9 

13 4 

11 0 

9 8 

10 4 

10 9 

10 9 

Total cost per cu yd (e) 

5 53^^ 

3 


2 W 

4 04ff 

(/)14 01<f 


6 64<f 


Dredge No 

7 

8 

9 1 

10 

Year 

1938 

1939 

1937 

1938 

1939 

1938 

1939 

1938 

1939 

Lver depth muck, ft 

0 2 

0.8 

14 4 

12 5 

10 5 

16 4 

23 6 

18 4 

15 2 

Iredge section (a). . . . 

13 8 

14 0 

7 0 

14 6 

10 9 

1 15 6 

10 2 

8 7 

9 1 

Total depth 

14 0 

14 8 

21 4 

27 I 

21 4 

1 32 0 

33 8 

27 1 

24 3 

Tu yd thawed . . 

222 962 

215 772 

617 663 

509 980 

495924 

279 2% 

543 394 

400 733 

644 103 

7ater used, in-days (6) 



55 997 

124 284 

112672 

51769 

1 10 327 

55348 

117 795 

Lver temp water, ®F 



43 3 

46 3 

47 5 

44 0 

42 6 

46 4 

46 9 

)uty of water (c) 



11 05 

4 12 

4 40 

5 38 

4.92 

7 24 

5 47 

nnlay-deg per cu yd id) 



1.02 

3 49 

3 52 

2 25 

2 15 

1 98 

2 72 

Total point footage . . 

21 486 

57 852 

75097 

132 170 

157 738 

60 312 

192 451 

107 332 

198 384 

i’t driven per man-hr 

7 0 

8 3 

20 8 

25 0 

21 6 

25 0 

21 2 

17 5 

17 7 

Total cost per cu yd («) 

6 


3 02^ 

5 76^ 


9 48^ 


5 79^ 



(a) Depth of gravel plus pay bedrock. (5) 1 in-day ■= 1 5 cu ft per min running 24 hr * 2160 
lU ft of water, (c) Cu yd tWwed per in-day (</) 1 in-day-deg *= 1 in-day for each deg above 
>2® F. (c) Itemized costs in Table 150. (/) See footnote (6) Table 150. 


ire sometimes driven at intermediate positions, but usually not to bedrock. Thawing water has to be 
lirculated, due to scarcity, settling basins are arranged, from which water, after straining through 
-mesh screen, is pumped back into the pipe hne The water from stripping muck (Art 128) can not 
)e suflSciently clarified for use in thawing gravel, and piecautions are often required to prevent con- 
amination of the thawing water. Standard pump is a 12-in centrif, rated at 6 000 (US) gal per min 
mder 100-ft head, and driven by 200-hp synchronous motor Each of the 11 such portable units in 
lervice is housed in same manner as those supplying water for stripping (Art 128). A “unit" block 
)f Klondike gravels can usually be thawed by this method in 1--3 mos; progress is examined by driv- 
ng steel bars into the ground about midway between points. Table 150 gives costs of thawing at 7 
>f the company’s dredge sites, during a period of organization and expansion, lower costs are antici- 
pated. For stripping and dredging on same sites m Klondike distr, see Art 128. 

Otter Creek, Iditarod dist, Alaska. Data from N. L. Wimmler (188) on water- 
thawing in 1923 ahead of a dredge digging 1 600 cu yd, or cleaning 3 000 sq ft, per day. 
Gravel 16 ft deep; medium size, few boulders, some clay on bedrock; covered 1-2 ft deep 
with sod and moss, but no muck; about half the vol frozen to bedrock. Water, 160-400 
miner’s in, from 4-mile ditch, was distributed to as many as needed out of 100 points 
md 700 sweaters available. 
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Table 150. Cost of Cold-water Thawing, Yukon Consol Gold Corp, Ltd 

(From W. H. S. McFarland, Gen Mgr; for technical data, see Table 149) 


Dredge No 

4 

5 

6 

7 

8 

9 

10 

Year 


1938 

1936 

1937 

1938 

1938 

1938 

1937 

1938 

1938 

1938 

Cost; ^ per cu yd: 












Wages 

2.76 

2.M 

1.21 

1.81 

7 95 

3 09 

2.72 

1.35 

2.88 

4 54 

2.77 

Camp and mess. 

1.30 

0.97 

0.58 

0.86 

3.46 

1 35 

1.13 

0.61 

1.27 

1.99 

1.21 

Supphes 

0.10 

.04 

.07 

.21 

0.23 

0.18 

0.46 

.17 

0.11 

0.35 

0.23 

Shops 

.08 

.05 

.11 

.12 

.38 

.09 

.27 

.11 

.14 

.26 

.52 

Transp 

.36 

.17 

.12 

.29 

.70 

.35 

.67 

.14 

.38 

1.04 

.60 

Power 

.87 

.42 

.36 

.69 

.91 

71 

.57 

.51 

.74 

.63 

.27 

Super vis 

.05 

.12 


.04 

.26 

.26 

.25 

.11 

.19 

.20 

.14 

Engineering. . . . 

.01 

.01 

‘■.02 

.02 

.12 

02 

.08 

.02 

.05 

.08 

.05 

Sundry 



.01 

1 


(a) 59 




.39 


Totals 

5 53 

3 92 

2 48 

4 04 

14 01(6) 

6 64 

6 15 

3.02 

5.76 

9 48 

5.79 


(a) Work on the Australia-Sulphur ditch, (b) Coats high due to necessity for re-thawing 
much of the 1037 area, for which no credit was allowed in 1938. 


Points on 10-ft centers, staggered on rows 10 ft apart, were driven to bedrock under full water 
press (19—23 lb), then withdrawn, and replaced by sweaters, latter could sometimes be put down 
without preparation by points. Four men on each of 2 10-hr shifts bottomed 40 points and set 
sweaters for 4 000 sq ft, each working on 21 points at a time Temp of inflowing water, usually 
42°— 44®; max, 69®; usual drop on return, 10®— 12® Thaw fiiiished m 10—12 days (4—5 days when 
water was warmest). Aver daily labor cost (wages including board @ $3 per day) was: 8 pointmen 
@ $9, $72; 1 day foreman, $12, 1 mght foreman, $10; 1 ditchman, $9; 1/2 blaclwmith and helper, 
$10 50; total $113 50. In 10 days, this crew set 391 points, thawing 21 722 cu yd (39 100 sq ft, 
15 ft deep) at 5 25f‘ per cu yd for labor and repairs Former cost by steam thawing was 35-^5^ 
per cu yd. Equipment (excluding old ditch) cost about $10 0(X) 

Water thawing without points. A different application of cold water for thawing was 
employed on Candle Cr, Fairhaven dist, Alaska, by E. E. Pearce in 1921 (558). The 
gravel lay in and alongside a creek, with no muck cover. Length, 1 025 ft; aver width, 
60 ft; depth to bedrock, 9 ft; depth to frost line, 3.5 ft. The creek was diverted into 
2 parallel ditches, ane along each edge of area. A 5 by 5-ft shaft, sunk in middle of the 
area, about 235 ft from the down-stream end, was timbered tightly to a point 2 ft above 
bedrock. Timbering extended above surface water; coarse gravel was thrown in at 
bottom and around the sides of shaft. Water entering shaft bottom was pumped out 
(at 250 gal per mm) by a 2.5-in centrif pump, driven by a 4-hp gasolene engine. Creek 
water seeped through thawed surface gravel to the shaft, thus creating circulation along 
the frost line. Aver temp of creek water, 64° F; of shaft water, 48°. Whole area thawed 
in 15 days; pumping time, 80 hr. Cost, excluding equipment and overhead, 1.4^ per 
cu yd. Previous work with water points only, in same typo of gravel (water pumped), 
cost 9.5fi per cu yd. 

132. MINING ALLUVIAL TEN DEPOSITS IN MALAYA 

By John Branner Newsom, Mining Engineer 

a. General Conditions 

Tin occurs as cassiterite, associated with 
heavy minerals of Fe, W, etc, over largo 
areas in Malaya. Fig 873 shows types of 
deposits; allu vials and residuals, occurring 
separately or in combination, are worked by 
placer methods and yield the bulk of Malayan 
tin production. Bedrocks are decomposed 
granites and soft schist, with areas of very 
hard irregular limestone. Tin-bearing pay- 
streaks are locally called “karang”; heavy 
associated minerals, “amang,” correspond 
to black sands in gold placers. Occasional 
large pieces of cassiterite occur, but approx 
90% of ore grains pass 10 mesh and stay 
on 150 mesh. Essential differences between 
these deposits and gold-placer gravels are: 

(a) sp gr of cassiterite is lower than gold. 



Sdditi 
> r Granitos 


Fig 873. 


Tsrpes of Malayan Tin Deposits. 
Ideal Seo 
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making it more difficult to save; (&) fully 95% of deposit is fine sand and clay, with a few 


Table 151. Sizing Tests of Typical 
Bank Materials 


Screen 

Per cent weight on 
screen 

Mesh 

Aperture, 

mm 

A 

B 

20 

0.90 

20 5 

27.6 

40 

0.38 

19.5 

17.8 

60 

0.21 

8.7 

8.6 

80 

0.16 

5.2 

3.5 

100 

0 13 

2 9 

2.0 

-100 

0 13 

42 7 

39 7 


A. Ampang Selangor. B. Sungci Linggi, 
Negri Sembilan. Note. Voids in alluvials in 
lace vary from approx 38% in pure clay to 
3% in material containing 50% sand. Per 
cent voids in pure clay and sand is higher 
than in mixtures. 

work, ground sluicing, hydraulicking, hyd 
on inchnes, and dredging. 


stones and boulders (Table 151) ; (c) fluctuat- 
ing price of tin. 

To handle a given vol of material, these con- 
ditions require larger areas in sluices and more 
water than in gold placers; sands in sluices must 
be agitated artificially to prevent packing; clay 
puddled, to release included mineral and prevent 
sluice-robbing; some deposits are worked intermit- 
tently, as price of tin varies. 

While some ground is very rich, production 
is mostly from deposits carrying 0 5-15 lb tin 
per cu yd; with prices for tin in 1937, usual 
open-cut methods operate profitably with Chinese 
labor where values are 1 lb per cu yd; dredges 
work profitably under favorable conditions with 
values as low as 0.3 lb per cu yd; clay and diffi- 
cult bedrock increase minimum profitable values; 
normally, 0.5 lb per cu yd is considered good 
dredging ground Wages* Chinese common labor, 
SO-SOff (U S) per 8-hr day; skilled labor, 75^^-$! 50, 
much work is on contract and tribute systems. 
Methods include use of small- or large-scale hand- 
ilic elevators, gravel pumps, mechamcal haulage 


In all cases, a rough concentrate carrying 15-50% tin is made; this is rewashed to the 
standard grade for the district, which is 73-75% tin and is sold to local smelters. Hough 
concentrate may contain 50% or more “amang”; finished concentrate is called “ore,” 
a term applying loosely to all kinds of concentrate. 

Foreign engineers often fail to recognize the low costs and large outputs attained by 
Chinese hand methods, through their ingenuity and low cost of labor. A fixed idea of 
Chinese operators is to avoid expense for equipment wherever possible. Prior to 1900, 
with possible exception of a few small hydraulic mines, all Malayan placers were worked 
by hand; still true for certain work involved in present methods using power. In 
early days, extensive drifting (Art 130) was done by Chinese, but this has almost 
stopped. 

In 1931 the International Tin Control scheme went into effect. Under it, the Malayan 
quota has varied from low of 25% of rated capac in 1932 to 80% in 1937. In 1936, 
87% of world production was controlled and the Straits region, comprising Malaya and 
Netherlands East Indies, produced 55% of world’s tin, valued at $99 000 000 (U S), prac- 
tically all by placer mining. Malaya furnished 68% of this. Malayan placer mining 
is the most extensive placer work now being done. 


b. Washing Devices 

Simple hand-washing devices are important in the industry, being always used to 
clean rough concentrate. For use of jigs, see Dredging, Art 132g. 

Dulong is a wooden bowl, about 24 in diam by 5 in deep, corresponding to the gold miner’s pan 
or batea and used similarly. Aver dulong operator handles 1 25 cu yd of sandy material per 8 hr. 
In 1918, dulong miners pr^uced 3 365 tons of 73% concentrate, or 8% of total Malay output, but m 
recent years encroachment of other methods of primary concentration has reduced this figure 
For final concentration, the dulong is operated as for rough concentrate, but work is much 
slower. 

Lanchute is a coffin-shaped sluice box, varying from dimensions in Fig 874 to 35 ft long. Material 
enters by gate A, being puddled first if necessary As the sand streams down the box, a coolie pulls 
it back with a hoe (“changkol,” Fig 875); the water swirling around sides of hoe carries off light 
sand; heavy sands settle 1 man operates a lanchute of size shown in Fig 874; 2 or 3 coolies for larger 
ones. Ratio by vol of water to sand is about 10 : 1; recovery, about 90%. Duty per man-shift, 
12 cu yd of well puddled material. Lanchute and changkol are auxiliaries in all large-scale work, to 
bring rough concentrates up to standard grade. 

Clay puddling is done as follows: (a) In small-scale work, with digging changkols (Fig 875), in 
puddles at lanchutes (Fig 874). A coolie puddles 0.3-0.5 cu yd of tough clayey material per hr. 
(6) By “stage” working in small open pits. About 60% of water by vol is added to the karang on 




MINING ALLUVIAL TIN DEPOSITS IN MALAYA 10-621 


Oracle I in 16 - 
LONGIT SEC 


Grade 1 In 16 
V/j" planU bottom 


plank sides 


Puddtinif 

space 


the pit floor; resultant pulp is scooped across floor with long-handled scoops to the foot of one of the 
banks, in the face of which a series of 

small basins or puddles is cut at vert level ^ooden gate A 

intervals of about 4 ft. Coolies at each flmflr-— a' A'' 

puddle dip the pulp, with long-handled 1 ll jJljl/l pia n k 

dippers holding about 1 gal, from one ^ ^ 

puddle to the next above, and finally to Ground Grade 

the lanchute on the surface. Aver duty LONGIT SEC 6" high gate 

per coolie is about 16 dippers per min ^ U j's '* 12^ -4^! i 

*= 2 6 cu yd bank measure per hr on a 7 — ~l*o 

4-ft lift With labor at 50^ per day, L 

stage working costs approx 0 7^ per cu "4 i Grade 1 in 16 

yd per ft lifted As many as 12-14 stages I 11/." nlnnit hnttnm — m 

may be used, but such heights are ^ I rr .' ' 

unusual. Stage working, the most ^ j pUiiL uldtu 

eflFective hand-puddling method, can be ^ F Water gate PLAN 

used only where karang will form a o 

sludge mixtures of sand and clay give « Puddling 

best sludges (Note Stages are used 7 space 

for elevating material in opening pits \ 

to bedrock for gravel pumps and in y 

working small rich areas ) (c) By power- ^ ^ 

driven arrastras A 25-ft diam ma- Fig 874. Lanchute 

chine, with 2 drags and 0 5-in discharge 

screen kept open with a water jet, requires 3 hp at 5 rpm Capac, 5-15 cu yd per hr; water, 50-76 
cu ft per min. At one mine arrastra puddling cost 15^ per cu yd. (d) By box puddlers similar to 

log- washers but run at high speed ; this is the usual 
^ood », j, method A puddler 12 ft long has 5 sets of steel 

~~ — 15 ft blades; speed 120 rpm; power, 20-35 hp; water, 

^ 10 cu ft i>er cu ft of dirt These machines do 

Tr/^\ imperfect work, but have large capacity, (e) 
Note* Changkol for digging o > 1 f \ Low-speed puddlers, consisting of hori* shafts 

has 4 h handle, making ^ I about 20 ft long with blades extending about 2 

an 80® angle with blade iL— i blades tilted so that the clay is moved 

ahead slightly by each blade as it comes around, 
* w'ere introduced in 1927. They are effic puddlers 
Fig 875, Changkol used in Lanchutes and and are used for final disintegration of clay on 
Palongs some dredges (Art 132g ) 


Fig 874. Lanchute 




ft j 


Note* Changkol for digging 
has 4 ft handle, making 
an 80® angle with blade 


Fig 875. Changkol used in Lanchutes and 
Palongs 


Ground sluices (Art 121) are extensively used in mountainous districts and in hydraulif 
mines. Capac, about 2 cu yd per hr per ft of width; slope, 4°-8®; water, 15-25 cu ft per 
cu ft of material w ashed. They are poor tin savers; recovery often less than 50%. They 
are cleaned up either by panning the material in the bottom, or by digging it out and con- 
centrating in a lanchute. No blocks or stops are 
used; the sides aie confined and the sand in sluice 
is allowed to form its own riffles and eddies. 

Palong (Fig 876) is a wooden sluice box, in 
which most of the Malayan tin is recovered. 

Dimensions vary; typical palong is 120 ft long, 

4 ft wfide and slopes 3®. Bottom is smooth; trans- 
verse baffles A, 4 in high and held in grooves 
formed by vert cleats B, are usually 10-12 ft 
apart. Palongs are single or in sets of 2 or more 
side by side; they are roofed for protection from 
weather and supported on trestles to give head- 
room for tailing. Cost of single palong, in 1937, 

$1 400; cost of moving and re-erection, $1 000. 

Capac, about 1.5 cu yd per hr per ft of wddth; 
water, 8 cu ft per cu ft of material washed (see Yig 876. Typical Palong (supports 
also under Dredging). Operation. Material flow- omitted) 

ing through is stirred by coolies with changkols 

(Fig 875) and rakes; 1 coolie per 40 ft of length. As heavy sands accumulate and become 
difficult to agitate, additional baffles are inserted on top of original 4-in baffles, with no fur- 
ther attempt to stir the bottom layer. In 24 hr, a well managed palong builds up about 
1 .5 ft of concentrates. Clean-ups, usually one per day, are made with a small stream of clear 
water. Concentrates are dragged up stream with changkols; each section between baffles 
is cleaned separately, starting at upper end of palong. Multiple-palongs permit continuous 
operation, as they are cleaned up one at a time. Final concentrates carry 15-30% cas- 
siterite, depending on amount of amang pr^nt. Concentrates are shoveled into buckets 
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and carried to a clean-up house (*‘tin shed**), where they are brought to standard 
grade in lanchutes. Extraction. Chinese miners say that an aver palong saves about 
80% of tin delivered to it and that 80% of this is caught in first 30 ft. With prop- 
erly puddled feed, and proper stirring throughout a run, extractionmay reach 90% 
or more. 

Principal factors affecting extraction: (1) Character of material. Water-worn cassiterite is easy, 
angular grains are hard, to save It is generally thought that coarse (+10 mesh) and very fine 
( — 80 mesh) grains are difficult to save. But, admitting this in saving minus 60 to 80-mesh grains, 
samples of dredge tailings indicate that the cassiterite lost comprises grains of all sizes in about same 
ratio aa in the feed. Lumps of clay (sluice robbers) cause serious losses by picking up cassiterite; 
much fine sticky clay in the water causes losses, even though large lumps are removed. In working 
in clayey ground with httle sand, the sands in bottom of the palong tend to scour out. (2) Stirring 
is important to loosen the sands and permit concentration ; packing causes rapid losses (3) Skill of 
workmen, their physical condition and amount of inspection Continuous stirring is drudgery and 
coolies can not be depended upon at night. (4) Slightly overloading a palong causes heavy loss; 
transverse ridges of sand form on the bottom, causing swift currents which prevent settlement, the 
ridges themselves also move down the sluice. Extraction varies greatly under varying combinations 
of above conditions; fair estimates place losses in palongs at 6% mm, 30% max, 15-20% aver. See 
also under Dredging, Art 132g. 

Jigs are the most important washing devices on modem tin dredges. See dredging 
(Art 132g). 

c. Disposal of Tailings 

Problems resemble those in gold placers; often tailings must be impounded to prevent 
silting up streams or injuring adjacent property. 

In small mines using lanchutes, sands are commonly carried in baskets from a sump at 
tail of lanchute and stacked, while slimes run into streams or old mine pits. Some coolies 
load and others carry sands; duty of labor is about the same as for carrying the original 
dirt (Table 162). Palongs produce largo volumes of thoroughly disintegrated tailings, 
which build up an alluvial cone under the discharge; slope of cone is from 20% at apex, 
where coarse sands lodge, to 0 at edges, where slimes are deposited. Cassiterite lost in 
the palong concentrates near apex of cone; resultant deposit of clean sand and ore is in 
ideal condition for reworking, and such old tailing cones are worked by tributers on 
royalties up to 40% of tin recovered. If impossible to run taibngs into old mine pits, 
they are impounded by dams. In hydraulic mines and where much water must be 
restrained and settled, ordinary earth dams are used. 

In many smaller mines, impounding dams are made of alternate layers of long grass Oalong) 
and sand, built up around the tailings pond as the level rises. Slope of dam face, about 45®; it is soon 
covered by vegetation, which prevents washing by ram. Such dams cost about per sq ft of dam 
face, hence cost of tailing storage is very low For substantial construction, a layer of grass is laid 
across the dam, the ends of stalks projecting beyond the face and covered with bundles of grass 
laid parallel to face. The projecting ends are then doubled back over upper layer and held in place 
by a layer of sand and dirt hoed up out of the tailings pond These cost more than simple grass-sand 
dams, but can be built 15-20 ft high and will hold slimes as well as sand Drains, provided in tail- 
ings piles and dams in the areas where finer material is deposited, comprise long A-shaped frames of 
wood or bamboo, covered first with bamboo matting with 1 / 4 -in openings and then with a 2-in layer 
of grass. Sand is piled on the grass to hold it in place until it is covered by tailings. These drains 
are built at any elev in the tailings pile and drain through the dam face. 


d. Drainage 

Large open-cut mines are drained by power pumps; small mines by hand bailers or China 
pumps worked by hand, foot or water power. Bailers, for lifting water short distances, are made 
from 5-gal oil-cans; sides braced with light wooden slats. Fig 877 shows operation; the coolies are 
15-20 ft apart; each holds 2 light lines attached to can, by which the bailer is swung back and 
forth and tipped for loading and dumping. Aver lift, 5 h; coolies aver 20 swings per min; max 
output, about 80 gal per min. Oil-can bailers are used in lifts to 16 ft; speed of swing vanes little 
with lift, but less water is taken per swing. This is hard work and coolies in a gang spell 
each other. To bail more than 80 gal per min, 2 crews work in rhythm from the same 
stands. 

China pumps worked by coolies rarely lift more than 4-6 ft; pumps are set on about 30® slope; 
if power is available, higher lifts are obtained with pumps to 80 ft long. Chief use of China pump is 
in small workings requiring only intermittent drainage. 

Wooden buckets, with a vert pole handle attached to a counterbalanced sweep, are used to bail 
water to heights of 8-16 ft; they are arranged in batteries of 2-6; men work in rhythm; duty per man, 
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8^6 *al per min on an 8-ft lift. For lifts over 12-16 ft. batteries of these bailers are arranged on 
different levels. 



Fig 877. Oil-can Bailer 


e. Miscellaneous Hand Operations in Open Cuts 

Transport in hand-worked open-cuts is by baskets, wheelbarrows, and cars on tracks. 

Carrying in baskets, suspended m pairs from a shoulder pole, is practiced in stripping 
and moving karang: (a) where yardage is too small to warrant cost of barrows and trestles; 
(b) where carry is less than 50 ft, so that relative cost of loading and dumping barrows is 
high; (c) where carry is uphill and conditions do not justify or permit mechanical haulage 
in trucks; (d) in cleaning irregular bedrock. Output is not a serious factor, as large yard- 
age may be moved by increasing number of coolies employed. 


Flat rattan baskets are used, capac, 50-60 lb; cost, 17^5, life about 2 weeks Faces of pits are 
usually in steps 1-2 ft high , baskets are placed on ground at face and loaded with a changkol. Load- 
ing time, 17-80 sec, depending on whether dirt is clay or sand, packed or loose, aver time, 50 sec A 
contract coolie carries 2 baskets (aver load, 100 lb), he goes at a trot, which, through the spring of 
the pole, takes the load off his leg muscles while w’alking and puts it on when his leg is straight On 
up grades, pace is slower, advantage of the spring in the pole is lost, lighter loads are carried and out- 
put per hr decreases rapidly Contract work is usual, with pay based on vol in place; where »bi*» is 
difficult to measure, as in cleaning bedrock, coolies are 


paid by the trip from the face, regardless of load car- 
ried, with resultant lower effic (see Table 152). 

Wheelbarrows are used on level leads over 50 
long, also on long leads wheie yardage does not 
justify cost of cars and tracks. 

Chinese barrow (Fig 878) is entirely of wood, aver 
load, 350 lb, cost, $3 50, life, about 2 yr The projection 
of the frame in front of the wheel cheapens cost of 
Jumping, etc Double barrow tracks of 6-m planks 
are laid at 10-ft intervals along faces. Barrow's are 
loaded with changkols, aver loading time in aver 
ground, 2 mm, 50 sec, dumping time, 3 sec For duty 
of labor, see Table 152 Barrow* work is usually done by 
gangs on contract paid by volume in place. 

Cars or trucks are V-shaped, steel mine-cars 
holding 15 cu ft, or alxnit 0.33 cu yd bank mea- 
sure; they are used on level leads of 600 ft or 
more and at mines when material is elevated on 
inclines. 



wheel 1^" thick 



Fig 878. Chinese Wheelbarrow 


Track is of 12-lb rails, usually poorly laid, life of cars, 1 5-2 yr. Cars are loaded by 2-handled 
rattan baskets or trays, area about 18 by 16 in, bottom of tray is curved, with max depth of 6 in. 
Basket, holding an aver of 63 lb, is loaded with changkols at the faca in about 20 sec, it is then picked 
up and carried to car, hence loading effic depends on distance betw’een car and face (Table 152). 
Miners do their ow'n tramming, usually 3 coolies per car; with well laid track, 2 coolies per car. 
Miners paid by truck load 


Duty of labor in above methods of loading and transport is given in Table 152. These data were 
obtained from typical working places and are averages respectively of 60 time studies of carrying in 
baskets, 200 of barrow work, and 170 of truck loading. 


f. Open-cut Mining 

Principal methods: (a) by benches; (6) with inclines; (c) with gravel pumps; (d) by 
hydraulicking and hydraulic elevators. 
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Table 152. Cu Yd Bank Material in Place that One Coolie Loads and Moves per Hr 


Method 

Load- 
ing (c) 

Distance moved, ft 

100 

200 

300 

400 

500 

600 

Carrying in 
baskets 

Pd by 
vol (a) 

Sand 

Clay 

2.42 

0 85 

1.05 

0 5 

0.67 

0.32 

0.47 

0.24 

0.32 

0.18 

0 26 

0 14 

0.22 

0 1 

Pd by 
trip 

Men 

Women 

1.5 

1 25 

0 32 

0 25 

0.18 

0 13 

0. 12 

0 08 

0 1 
0.07 

0 07 

0 06 

0 06 
0.05 

Wheelbarrow 
work (d) 

Sand 

Clay 

2 5 

2 0 

1.75 

1 48 

1 38 

1 18 

1.1 

0 99 

0 94 

0 86 

0 84 

0 78 

0.75 

0 7 

Loading cars 
by baskets 

Ft carried in 
basket 

0 

10 

20 

30 

40 

50 


Sand 

Clay, . 

4.6(6) 

1 7(6) 

2.5 

1 25 

1 9 

0 9 

1 5 

0 7 

1 25 

0 6 

1 05 

0 53 



(a) Duty of male coolies, (b) Loading basket, (c) Loosening and loading, (d) Contract work 


Working by benches is used in mining large flat alluvial deposits (Fig 873) to 50-60 ft 
deep. Face is earned in benches (Fig 879) ; light trestles across the pit provide the shortest 
possible level distance to dump; max height of benches, limited by danger of caving, is 
usually about 20 ft. 

Overburden is stripped and carried in baskets or moved in barrows over trestles to back of the 
pit; karang is carried up chicken ladders in baskets to a senes of lanchutes set on top of the tailings 

The stacked overburden is kept 
as close as possible to the work- 
ing face, aver carry or tram from 
face to dump is approx 150 ft 
Drainage of pits is by gravity 
where possible or by pumps All 
digging IS done with mining 
changkols (Fig 875), used as a 
combination pick, mattock and 
shovel To about the year 1900, 
most large mines were worked by 
hand m this way, in places faces 
were 0 25-0 5 mile long, up to 
3 500 coolies being employed on one face Open-cut mines using only hand methods of moving 
earth generally advance the faces in a fairly straight line, overburden and tailings are dumped in the 
worked-out pit. 

Inclines are extensively used in the deeper mines (to 300 ft) along granite-limestone 
contacts and in other large open-cuts to depths of 50-60 ft, to hoist waste to dumps, and 
elevate karang to washing plants. Layouts vary widely with local conditions. Washing 
plants comprise power-diiven arrastras or high-speed puddlers, which feed into elevated 
palongs or jigs. Pits are drained by centnf pumps, which furnish water for washing; 
water drained from tailings is often reused. Steam, costing about 2^ per hp-hour, is the 
usual power for driving hoists and pumps. 

Pits may be advanced in benches (Fig 879), in which case karang is loaded in cars on floor of pit 
and trammed by hand to foot of incline At times stripping is handled by cars, (a) hoisted in cars 
on separate inclines serving each bench; (6) trammed along benches and dumped into the pit at 
points where it will not interfere with future work; (c) barred down slopes into cais on pit floor and 
hoisted to surface up mam incline. Open pits on contact deposits are usually long and narrow, but 
in places are circular or elliptical, worked in benches, each served by an incline. In flat alluvials, 
pit faces are fairly straight, as in bench working (Fig 879) Basins or pockets of karang, occurring 
too low in bottom of pit for convenient loading into cars, are worked by carrying in baskets to 
lanchutes on the pit floor. Loading and tramming is done by contract; labor in hoisting, puddling 
and washing is usually paid by the day. 

Gravel-pump mines (see Art 126) are, next to dredging properties, the most important 
source of tin in Malaya. In 1938, dredges produced 24 550 tons of tin m the Federated 
Malay States, gravel-pump mines, 20 875 tons, other methods, 9 128 tons. 

Usual operation involves; (a) hand work to break material from the bank; (b) ground 
sluices to carry material to a sump; (c) a pump, usually steam-driven, to elevate materials; 
(d) palongs for washing. Impounding dams are built around the tailings storage areas, 


Lanchute 

1 Wash^kar4^0 

3 Overburden uhwasfied 



Surface 


2 Overbuiden.u'n wash^ 


Limestone 


Fig 879. Open-cut worked by Benches Diagrammatic Cross- 
sec (trestles to lower benches omitted) 
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the water running back into the pit and through ground sluices along base of the working 
face. Clays and sand are broken down into ground sluices with hoes or bars, face slopes 
being kept steep so that material slides to sluice by gravity. This method, applicable under 
widely varying conditions in different types of deposit, requires delivery of the entire over- 
burden and karang to the sump in the pit floor; hence, working faces are continuous from 
floor to surface and in plan are apt to take a roughly 
circular shape around the *sump as a center. Entire 
bank is elevated by the pump and must be stored in 
tailings piles at en^s of the palongs. Max lift of 
pump is about 75 ft; max depth of pit that can be 
worked is less than this by the elev required for 
palongs to provide room for tailing-storage. Pumps 
are usually high enough above pit floor to avoid 
drowning out during shut-downs. Breaking ground. 

Some undercutting is done by water in ground sluices, 
but typical method of excavation is by “steps” (Fig 
880). Pit faces slope about 45®; coolies begin at 
surface and cut a series of steps about 18 in high in 
face of slope, using bars for cutting and prying off the 
ground, which rolls down the face to the ground sluice. 

When the bottom is reached, men work back up the 
slope, barring off the steps as they go; duty of labor, 
m stiff clay, 7-8 cu yd per man-day. Work is on a 
tribute system; men on steps and those woiking 
ground sluices receive a percent of ore recovered in ground sluices; owner retains the 
ore from the palongs. Recovery of over 75% in ground sluices is rare. 

The method provides cheap breaking on contract, and delivers low-grade material to palong, 
thus reducing losses there. Other advantages of gravel pump: (a) elevates at fairly low cost; (5) 
delivers material to palong well puddled and iMth correct ratio of water for washing; (c) drains 
excess water from pit The large percent of clay and sands and small percent of coarse gravel, com- 
bined with necessity of puddling the clay, makes Malayan tin deposits far more favorable for suc- 
cessful gravel-pump operation than most gold-placer deposits But, liners and impellers are rapidly 
worn by the sharp sands, and must be cheaply and quickly replaceable; they are renewed about 
every 6 weeks. Pump intakes are 3-12 in diam, 4 and 6-in are commonest; larger units not usually 
successful, due to difficulty in keeping their feed steady Steam costs about per hp-hr; power costs 
are usually about 25% of total w'orking cost. Capac of 6-in pump is approx 16 cu yd of bank mate- 
rial per hr Pumps can handle up to 25% solids, but this pulp is too thick for palong feed. Under 
favorable conditions a gravel-pump mine with an 8-in pump can treat 25 000 yd per month. 

Hydraulicking and hydraulic elevators are used under same general conditions as in 
gold placers (Art 123, 120), except that washing is done in ground sluices or palongs. 

Monitors are used in a few places in the hills, followed by ground sluices or palongs; tailings go 
to dumps by gravity The more important hydraulic mines, of which there are a few, work alluvial 
deposits that lie too low for gravity tailing disposal, hydraulic elevators or large gravel pumps then 
elevate the material to palongs built high enough to give tailing room. 

In general, the large percent of fine materials in the banks, need for puddling and absence of 
coarse boulders, are much more favorable conditions for hydraulic-elevator work than are found in 
most gold placers and elevator efficiencies are higher The elevator-monitor combination has the 
great advantages of completely puddling the material, lifting a high percent of solids, and using small 
labor force Chief disadvantage, the usual large proportion of toUgh clays in the banks results in 
low' duty and high water consumption by the monitors There are few localities in Malaya (except 
the Gopeng district, Perak), having enough water under head for large hydraulic operations, and, 
where sandy karang permits undercutting, for caving of banks and large duty. Data on duties and 
costs are not available. 



g. Dredging 

General. First dredge started in 1912; it w^as successful and dredging is now the most 
important method, as it allows profitable exploitation of low-grade deposits unworkable by 
hand. All early dredges were sluice type, described below, and had washing capac of 
75 000 to 90 000 yd a month. Installation of classifiers and jigs on a Malayan dredge in 
1925 focussed attention on better ore-saving methods and led to an enormous increase in 
the capac of single dredges and the number of di edges in the field. In 1939 there were 
126 dredges in Federated Malay States, 20 in Netherlands East Indies, and a few in Siam. 
Some can dig 130 ft below water level and treat 400 000 cu yd a month. Their high eflSic 
is shown by the facts that their ore-saving devices are contained in spaces 90 ft long, 
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70 ft wide, and 40 ft high, and that they treat 16 000 tons of gravel a day, with less than 
a value of 0.6^ a ton left in the tailings. 

Types of deposit worked by dredging are the same as in gold placers (see Requirements 
and limitations. Art 128). Depths now dredged are 20-130 ft. Schist and granite bed- 
rocks are soft and ideal for dredging; limestone bedrocks are hard and always have pin- 
nacles; in some areas most of the karang lies above the pinnacles, making high recovery 
by dredging feasible; at present, karang lying between pinnacles is left, though there are 
promising methods for recovering it. Sunken timber sometimes interferes with dredging. 

Chain-bucket dredges are used; suction dredges have generally failed. First dredges 
had open-connected bucket lines, but with development of large-capac washing devices, 
close-connected buckets are favored. Steam is generally used, with power plant on the 
boat. Fuel is wood or poor-quality coal mined locally; power costs are high. Some 
companies operating several dredges have central turbo-electric power plants. Chinese 
labor is used almost entirely. 

Principal factors affecting design and operation of Malayan tin dredges, in comparison 
with gold dredges, are: absence of boulders, small size of grains composing the deposits, 
large amount of clay present, and lower sp gr and value of cassiterite. These conditions 
affect details of dredge design as follows: 

Hulls, mostly steel, resemble those of gold dredges; type of washing devices determines whether hull 
is long and narrow or short and wide Digging machinery is same as on gold dredges ; broad, shallow 
buckets are required to dump clayey ground. As digging is easy, head lines are used instead of 
spuds to hold dredge in position Trommels always receive material from the dump hopper, they 
are the same mechanically as on gold dredges, but of smaller mesh. Stone-chutes at tail of dredge 
are generally used instead of stackers, as there is usually no coarse gravel to handle, hence no stern 
gantry; tailing piles behind the dredge are level and approx at same elev as original surface More 
water is needed than on gold dredges of same capac. W ashing devices differ greatly from those 
for gold (see below). 

T 3 rpe 8 of dredge: (a) sluice dredge, developed from the sluice-type gold dredge, was 
the first used; (6) classifier-jig dredge, invented by J. F. Newsom, was first used on a 
commercial scale m 1925; (c) jig dredges without classification, introduced 1927, are an 
outgrowth of (6) ; (d) recent clay-working dredges have reached a high state of effic. 

Sluice dredges. Trommel undersize is distributed to sluices running fore and aft, 
which operate like palongs. Many operators prefer wide sluices ; 6-f t width is considered 
a max, due to difiiculty of distributing water in wider ones. Capac: 15-20 cu yd bank 
measure per sq ft of sluice area per month. Grade: approx 2®, when hull is level; tiim of 
dredge is affected by W't of loaded sluices, which operate on slopes of about 3.5®. Common 
practice uses 1 coolie per sluice for stirring; mechanical rakes working across the sluice 
are being tried and appear promising. Large dredges have double decks of sluices, and, 
where steam -opera ted, require alxiut 100 men for S-shift work. 

Sluices are cleaned up in rotation, like palong.s Bucyrus Co reports that the sluice area of a tin 
dredge is usually 4-5 times the table area of a gold dredge of the same capac, water for hopper, 
trommel and sluices is about twice that for the usual gold dredge of same capac. Overcrowding is 
more apt to occur in dredge sluices than in palongs on shore, dredges take hone cuts in descending 
order and adjacent beds in flat alluvials vary from pure sands to pure clays, these conditions tend 
to increase losses in sluices (see Palongs, Art 132b). Sampling of tailings by some companies 
indicates a sluice loss of 15-20%. Use of puddlers is rare; clay that is not disintegrated in the 
trommel goes through rock chute to dump It is difficult to provide washing capac for more than 
100 000 cu yd per month on sliuce dredges, although larger digging capacities are easily obtained 

Classifier-jig dredges operate on basis of results of extensive screen tests of bank 
materials and sizes of ore grains. In general, free- and hindered -sett ling ratios of sand and 
ore grains are such that classification discards much of the slimos and finer sands, without 
serious loss of mineral. Products from classifier spigots are easily concentrated on jigs. 
A classifier of large capac and good performance has been developed, allowing the whole 
plant to be erected on a dredge. In 1927, there were 15 dredges of this type in Malaya. 

Flow-sheet for handling about 150 000 cu yd per month is typically as follows: material from 
buckets passes through a trommel wdth 3/8-in openings, oversize to tailing, undersize to 2 classifiers 
(Fig 881). Each classifier makes 4 products: Spigot 1, coarse sand, divided between 2 jigs (105 rpm, 
stroke 1-1 1/4 in); spigot 2, medium sand, to 1 jig (116 rpm, stroke 5/8 in); spigots 3-4, fine sand, 
to 1 jig (160 rpm, stroke 8/3 in) ; spigots 5-6 and overflow, very fine sand and slimes, to tailing. All 
jig tailing goes direct to waste All hutch products go to a desliming sump and thence to 1 cleaner 
jig, having 6 compartments, each 2 ft wide by 3 ft long, speed 180 rpm, stroke V4-3/8 »n Tailing 
from the cleaner jig goes to waste; Ist hutch to a final washing plant (lanchute) on shore, while 
hutch products from other compartments return to the desliming sump. Fig 882 shows jigs and 
classifiers on a dredge of Hantau Tin Dredging Co; flow-sheet differs slightly from the above; many 
variations in flow-sheet and arrangement of machines are possible. 
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Classifier. Fig 881 shows the Newsom double-current classifier; length, 12-16 ft; 
width, 6 ft; 3 rows of discharge hoppers, each 2 ft sq at top. It has large capac; 1 machine 
has successfully bandied 300 cu yd of sand (without clay) per hr. Water required, 2 600- 
4 000 gal per min, depending on veloc of currents desired. 



Recovery by classifier-jig system, 90-95%; concentrates run 20-60% cassiterite, 
depending on kind of ground and skill of operators. The high recovery and large capac 
of this type of dredge is because the bulk of the cassiterite usually comes down in the 
classifier with the coarse sands, giving a product that can be jigged rapidly with low loss. 



Fig 882 Rantau Claasifier-jig Tin Dredge; Outline Deck Plan, showing Arrangement of Equip- 
ment. 1, trommel; 2, classifiers; 3, coarse jies: 4. fine jigs, (>, settling cone to remove water from 
butch products; 6, cleaner jig. Classifiers are nigh enough to feed jigs by gravity. Arrows show 

direction of flow. 


As there is a relatively smaller vol of material discharged from the later spigots, fines can 
be treated slowly and carefully on a small number of jigs. 

Jig dredges without classification have advantage of simpler operation, all jigs being 
adjusted alike, but yardage treated per jig is lower and tailings losses are higher than for 
properly operated classifier-jig dredges. 

Flow-sheet is typically as follows: Material from buckets passes through a trommel with 8/g-in 
openings; oversise to tailing; undersise divided equally among 12 jigs (115 rpm, stroke 8/s in). All 
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jig taiUngg go direct to waste. AM hutch products go to a desliming sump and thence to 1 cleanCT 
jig having 6 compts, each 2 ft wide by 3 ft long; (180 rpm, stroke l/4-®/8 >“)■ 
cleaner jig goes to waste; let hutch to a final washing plant (lanchute) on shore while hutch 
from other compts return to desUming sump. Many variations in flow-sheet are used; for 
Dorr classifiers to remove slimes, sand from classifiers going to jigs. If ground contains clay, disin- 
tegrating knives running at high speed may be placed in trommel, or trommel oversise “ay P^ 
through secondary puddlers (Art 132b. Clay puddling, type «) foUowed by deshming cone (see flow- 
sheet for clay-working dredge, below.) 


Clay-working dredges are frequently necessary, because values are often in tough 
residual clays. The first attack on such ground was with standard dredges, which proved 
unable either to dig it rapidly or to extract the values efficiently. Recent dredges, built 
especially for such ground, are very effic. 


Flow-sheet covers a dredge built in 1938 which has handled over 400 000 yd a month. Ground is 
spotty; barren clay, clay carrying substantial values, sand, and alternating thin layers m clay and 
sand. To make yardage, the dredge was designed to handle all of this ground at f^l bucket-line 
capacity. Because of barren spots and occurrence of pure sand in places, the flow-sheet is flexible, 
with provision to by-pass material when desired and to change the treatment routine in other ways. 
Buckets of 13.5-cu ft capac, turning 18 per min, deliver the material to primary trommel. When 
digging clay, an automatic 3-arm clay extractor is swung into place at the upper tumbler, where it 
scoops the clay out of each bucket as it comes over The primary trommel is 9 ft diam by 36 ft long, 
with screen perforations I/4 by 6/3 in. Undersize goes to settling tank, described below. Oversize 
may be by-passed to pond behind the dredge or put through the clay disintegrating screen, 9 ft diam 
by 28 ft long The walls of this screen are manganese-steel grids with openings 4 by 5 in Inside is 
a puddler shaft, 54 rpm, with blades 4 ft long 0\eisize from the clay disintegrating screen goes to 
pond, undersize to two secondary puddlers (Art 132b, Clay puddling, type e) Discharge froni the 
secondary puddlers passes through two secondary trommels 4 ft diam with S/g-in screen openings 
Trommel oversize is rejected, undersize drops into 2 Dorr classifiers 8 ft wide by 30 ft long. Slimes 
from the Dorr classifiers are rejected to the pond, sands are discharged onto conveyer belts which 
deliver them to the upper 3 primary jigs on each side of the dredge 

Sand from the main trommel (see above) goes to a settling and desliming box 22 ft long. Slimes 
are discarded, sands divided among 14 primary jigs, 7 on each side of dredge. Bendelan 4-(cll 
diaphragm jigs, each cell 3 ft 6 in sq, are used throughout. Tailings from primary jigs are rejected 
Concentrates are deslimed and then go to cleaner jigs, one for each bank of 7 primary jigs Tailings 
from cleaner jigs are rejected. First-cell hutch product is taken ashore to tin shed (see Final con- 
centration, below). Hutch products from the other cells of cleaner jigs return to heads of these jigs 


Jigs were originally 4-compt Cooley jigs (Harz type) of steel; plunger and sieve compts 
each 3 ft wide by 4 ft long. Lately, other types have been used, mainly low-head jigs 
with pulsation device in screen compt, thus saving floor space and w't. Screens are 
punched plates with slots ^/i6”^/8 m wide. Hutch water added, usually 50 gal per min 
per cell. Speed and stroke vary, 116 rpm and ^/s in being typical. Drops between jig 
beds are 2-4 in. Beds are usually 4 in thick, of hematite sized below 0.76 in. Iron punch- 
ings sometimes used for jig beds. Jig capac on classified product is about 1 cu yd per 
hr per in width of bed; considerably less for effic work on unclassified feed. Many oper- 
ators in Malaya place jig screens on even slope from head to tail. The beds are then held 
in place by transverse 4-in baffles. Advantages ; stops boiling on jig beds, speeds the 
travel of material, thus raising capac, but at the cost of effic. Disadvantages: very 
loose bed at lower end of cell and packed bed at upper end. with resultant low-grade 
product. Stroke must be short, to hold bed on lower end of cell. This sometimes causes 
packing of whole jig and total loss of values from that jig 

Costs. Sluice dredges cost less than jig dredges, but their capac is much smaller; 
hence, both first and operating cost of dredges equipped with jigs is much less per cu yd. 
Sluice-box type, common in Malaya up to about 1025, treated a max of 100 000 cu yd per 
dredge-month at lOff (U S) per cu yd. The modern dredge, equipped with jigs, treats 
250 000 to 460 000 cu yd per month at 6^ (U S) or less per cu yd. This illustrates the 

great improvement in 
dredging since 1925, 
when the first classifier- 
jig dredge was installed 
by Yukon Gold Co. 
Tables 163 and 164 give 
details of 2 jig-type 
dredges, fairly repre- 
sentative of current 
practice in Malaya (G. 
W. Coffey). 


Table 153. Malayan Tin-dredging Data (1937) 



Time operated 


Cu yd per 

Dredge 

Hours 

% of total 
time 

Cu yd mined 

aver dredge- 
month 

A 

7 495 

55 6 

2 871 100 

239 000 

B 

7512 

85 8 

3 470 400 

289 000 

Total or aver. 

15 007 ! 

85 7 

6 341 500 

264 000 
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Table 164. Distribution of Working Costs during Operations in Table 153 


Item 

U S i 
per cu yd 

%of 

total 

Item 

V Si 
per cu yd 

%of 

totsd 


0 64 

12 63 

General expense (c) 

0.72 

14 22 


0 90 

17 95 

Auto and truck expense 

0 02 

0 37 

Power {a) ... 

1 15 

22,82 

Transport (employes) 

0 05 

0.97 

Material and supplies 

0 84 

16 79 

Drilling (prospecting) 

0.11 

2.24 

Replacements 

0 33 

6 57 

Miscellaneous 

0 08 

1.51 

{ yi\ 

0. 12 

2 44 




yjiJS virt?oBiXi||4 \u/ • • • 

T.and rental 

0 01 

0 28 

Total 

5.03 

100.00 

Insurance . . 

0 06 

1 21 





(a) Cost of power, approx 1 0^ per kw-hr. (6) Final concentration on shore, (c) Not includ* 
mg dredge depreciation nor home office expense. 


Final concentration. Dredge concentrates are taken ashore and raised to standard grade in 
lanchutes (built of concrete) and by jigging w'lth hand sieves. This is done by contract; usual pay, 
50fi per picul of clean concentrate Capac of Ian chute m final concentration, 700 lb cassiterite per 
8 hr Jigs are sometimes used to lighten the load on lanchutes Tables, vanners, etc, often tried, 
have failed. Lanchute middlings containing pyrite are dried, roasted and rewashed Magnetite, 
scheelite, monazite, etc, are sometimes extracted by magnetic separators, but only in small quantities 
from low-grade ore Final concentrates are dried, sacked, and shipped to smelter or sold to buyers. 

Marketing. Malayan tin smelting industry is concentrated in Singapore and Penang, 
because refined tin is cheaper to transport than the more bulky cassiterite; also because 
of heavy export duties on ores shipped outside of Malaya. Smelter contracts usually call 
for delivery at smelter, but ore is weighed and sampled at the mine. Smelter charges are 
about $19 per ton of ore, based on 74% tin, with deductions for lower assays. Pa5rment 
is at market price on day of delivery to smelter agent at mine, or any subsequent day 
fixed in advance, but within 14 days of delivery. Penalties are charged for S, As, Pb, Cu, 
Bi, Sb, if in appreciable amounts. Other realization charges are freight, which is very 
low, and a gov’t tax which varies (8-13% ad ral) with the market price of tin. Tot^ 
realization cost, including this tax, freight, smelter charges, and ocean transportation of 
finished product, averages about 15% of New York price. 

” Malayan weights and money. Many companies report values in “katis” per cu yd, ore produc- 
tion in “piculs, ” and costs in Straits cents per cu yd. Equivalents are as follows: 

Weights Money (at par of exchange) 

1 kati ■» 1 Vs lb 1 Straits dollar «* 100 Straits cte 

100 katis “ 1 picul »» 133 l/s lb 1 Straits dollar » Zs 4d 

16 8 piculs *“ 1 long ton «» 2 240 lb 1 Straits dollar ■■ 56 776 U S cts 

For additional information on Malayan tin mining, see Bib (645, 684, 685, 686, 687). 
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GEOPHYSICAL PROSPECTING 


Geophysical prospecting aims to establish the existence, position and boundaries of 
mineralized areas and geologic structures, or obtain other information of economic or 
scientific value. It utilizes the gravimetric, magnetic, electric, seismic, and thermic 
properties of rocks and minerals, natural to the ground in question, or produced arti- 
fically. Under either condition, properties of different materials relative to one another 
are significant. Two factors, applying to both country rock and mineral deposits, are 
most important: (a) kind and amount of material; (6) its geometrical form. 


1. GRAVIMETRIC SURVEYS 


General. Purpose of these surveys is to measure small local variations (anomalies) 
in the force of gravity, as caused by salt domes, dikes, faults and anticlines. Differences 
in density of the formations, as well as their geometrical forms, control the size of these 
anomalies. Since the geol features are very small compared with the earth’s volume, 
the anomalies are correspondingly small. The gravimetric field unit is the gal (Galileo), 
the strength of a gravitational field that will act upon a mass of 1 gram with a force of 
1 dyne. Thus the earth’s field is equal to about 980 gal, whereas the anomalies are of the 
order of 1 milligal, or approx a millionth of the earth’s field. The limit of accuracy is 0.1 
milligal; constantly changing celestial and terrestrial disturbances mask smaller anomalies. 
Most surveys are made with pendulums and gravimeters. Pendulums are used at single 
locations in connection with crystal clocks for determining absolute values; for differences 
in gravity, they may be spaced several miles apart. Gravimeters determine change of 
gravity directly from measured changes in their spring extensions. Observations take 
about 20 min per station. Measurements start at a base station, preceded by pendulum 
observations. Base stations are about 25 miles apart, and serve to tie in larger areas. 

Gravity fields. Older methods called for use of the Eotvos torsion balance, measure- 
ment of gravity gradients being in terms of EOtvOs units, one unit representing a change 
of one millionth of a milligal per centimeter, equivalent to 0.1 milligal in 1 km. In the 
equation of the gravity field, certain coefficients permit evaluation of the change in 
gravity field. 


If ® itf the gravity potential, then — is the gravity component in the * or vert direction. 

oz 


Also 


( 1 ) 


is the change of the vert component horizontally in the x direction , and is the 
change of the vert component horizontally in the y direction. The resultant value r-r » 


6x 


M \St5z/ ^ \Sz3yy 
max rate of change. The function tan $ 


’-Y + 


, the rate of change of the vert component horizontally in direction of the 
d2v 

-r~r' -3- Tir gives the direction of this horiz gradient. 
5z6i/ Sz6x 


These values are determined from the torsion balance deflections in various azimuthal positions. 

S^v 6^v /I 1\ 

A second function, the curvature function, has the form ~ — — =' «(“-•■“ I , where g is 

6 y ^ Sx ^ Vpi P2/ 

the value of gravity and pi and p 2 are the max and min radii of curvature of the equipotential surface 
at point of observation. Dimensions of this unit are the same as for the potential gradient. It is 
sometimes referred to as the H D T (“horiz directing tendency”). The value of this function bears 
somewhat the same relation to the vert gradient as the horiz magnetic variation bears to vert mag- 
netic variations, increase in its value shows the proximity of an anomaly. Fig 1 shows anomalies 
for simple configurations; the full line gives the gradient values, or vert variation of gravity per unit 
of horiz distance, the dotted line, the H D T, or curvature function. 


The geol interpretation of gravity anomalies is ^ade by comparing observed curves 
with theoretic curves for ideal bodies. Such anomalies may be defined by the rate of 
change of the vert component, horizontally and in direction of the max rate of change 
Sh> 

•r^ (the full line in Fig 1) ; the dotted line shows the value of the curvature function 


g 



for the same anomaly indicated by the hatched cross-sec. 


These cross-sections 


resemble the geol formations and the observed gravimetric gradient and curvature func- 
tions in Fig 2. 
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Fig 1. Theoretical Gradient and Curvature Structure and Their Gradient and Differential 
Anomalies caused by Geologic Conditions (1) Curvature Profiles (2) 
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Vector relations of gradient and curvature (Fig 3) are connected by the values of angles $ and ^ 
The value of 6 is given above; that of ^ follows from the relation 

i^v 

dxSy 

«!/* 6x^ 

Computation of anomalies is not always difficult. In Fig 4 A, the gradient is ^ » Gf 2Y<r logs p^* 
where 9 «■ density and y is a factor depending on the units used. In Fig AB, 

0 *» 27<r ® cos ^)(«a *“ «i) “ (sin*®) log2 “ J 

the sense of the angle $ being from OA to P 1 P 2 . 



Fig 3. Conventional Representation Fig 4. Gravity Effects of Infinite Hori* 

of Curvature and Max Gradient (1) Slabs (1) 

To interpret the anomalies, charts are used (Fig 5), by which the anomaly at a given station due 
to a geol body may be computed graphically. Each dot represents a unit effect at the instrument O, 
for material of unit density. A scale drawing is made, showing a vert sec through the ground along 
a plane passing through the station center and perpendicular to the long axis of the body. A trans** 
parent-dot chart is placed over the drawing, its center coincident with the instrument location on the 
drawing. The unit value of each dot is then multiplied by the density of the material over which it 
lies; their sum is the gravity anomaly at O. Observed anomalies are compared with graphically 
computed anomalies for geol bodies of various kinds, shapes, sizes, density distributions, and dis- 
tances, until the correct combination giving the curve type is found, each type having its own chart. 



Fig 6. Example of Network for Edtvds Calcula- 
tions (1) 


Fig 6. Block Diagram of Terrane around a 
Torsion Balance Station (3) 


Separate charts are used to determine gradients and curvature functions for different axial extents 
of the geol body. Fig 5 shows a chart for graphic computation of the Curvature function for bodies 

having an infinite extent perpendicular to plane of the chart ; B — A ^ — ^and2B = 


To determine the value of deep-seated anomalies, the local mass distribution of the 
ground must be corrected. Correction factors for sectors immediately around the torsion 
balance (Fig 6) must be computed, by a chart like that in Fig 7. The ground is surveyed 
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as in Fig 8, and the chart applied to each sector. The corrected results are charted as in 
Fig 9, which shows a gravity anomaly over a salt dome capped with anhydrite. The 
gradient arrows around the margins of the dome point towards the center; farther away, 
the direction is reversed, since the density of salt is less, and that of the cap rock greater, 
than that of the surrounding material. The lines without arrows represent direction and 
magnitude of the curvature. 

Apparatus for gravity measurements. The torsion balance was first used to measure 
gravity anomalies. The observations require a long time, since 5 azimuthal positions 
must be observed at each station; shortened to 3 by using a double balance; 2 stations 



per day for 2 men are usually the max. With gravimeters, readings can be taken every 

6v 

20 min, measuring the change of the vert component of gravity 5 * — ; level data are 

dz 

needed for each station, accurate to less than 0.5 ft to preserve the limiting accuracy of 
0.1 milligal, since a 1-ft difference of elev corresponds to 0.2 milligal in the vert component 
of gravity. 

Pendulum stations at intervals of 25 miles are probably most accurate for measuring differences 
in the vert component By using photoelectric cells and wireless to transmit the pendulum's posi* 


lit «lln 



5*^ Gradients of irravlty Iomega 
Curvatiiio values Iomega 
- Outline of salt dome 


Fig 9. Gravimetric Anomalies due to a Salt Dome (4) 


min. Charts of equal gravity differences, plotted in iso-gals, give a clear picture of salt domes and 
other geol formations 
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2. MAGNETIC SURVEYS 

General. Magnetic exploration is the oldest geophysical method, dating to the 17th 
century; it is based almost exclusively on measurements of the earth’s natural magnetism. 
Origin of the earth’s magnetism is unknown, although its lack of constancy, which bears 
no relation to geologic bodies, has been explained. Magnetic surveys employ the ordinary 
compass, together with more precise magnetic instruments. The 2 factors measured are: 



Fig 10 Correlation of Vert Isograma 
with Zone of Mineralization (5) 




Fig 11. Dip Needle parallel with Magnetic 
Meridian (6) 


change in direction and intensity of the magnetic field. Change of direction in a horiz 
plane is a change in declination; that m the vert plane is a change in inclination. 
Declination measuiements can be made with an ordinary compass, to which sights are 
attached for maintaining a constant direction. Inclination can be measured with a bal- 
anced needle swinging vertically in the plane of 
the magnetic meridian, as determined by com- 
pass. This instrument may be called a dipping 
needle. The balani'e is tested by turning it at 
right angles to the magnetic field, the needle 
then assuming a vert position and deviating 
eipial amounts from the vert for equal displace- 
ments m opposite directions from this right-angle 
position. The re.sults are charted as profiles, or 
as iao-<leclinution, or iso-inclmation lines, con- 
necting points having same deviations. 

Sec S-N 



Fig 12. Dip Needle perpendicular to Magnetic 
Meridian (6) 



To measure changes in intensity of magnetism, the unit is the gamma, or 10~® cgs units. 
The old-type dipping needle is sensitive to about 2 000 gammas per degree; improved 
instruments to a^ut 200 gammas per degree. The dip needle outlines satisfactorily a 
magnetite deposit, as that in Fig 10, whore the anomalies are large. 

Dip needle. Two methods aie followed, (a) That shown in Fig 11 places the plane 
of swing of the needle in direction of the magnetic field. The vert component of the 
field, governed by a single pole, has a max directly over the magnetic pole, whereas the 
1—32 
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max of the horiz component, having a value less than that of the vert max, lies to one side 
of the pole. Hence, the needle’s deflection is not always directly over the poles, but is 
offset so that the ore lies under the more gently sloping side of the magnetic profile. Fig 11, 
(h) If observations are made with the needle swinging in a plane at nght-angles to the 
magnetic meridian, only the vert component is effective, and the max deflection will coin- 
cide with the position of the magnetic anomaly (Fig 12). A non-magnetic tripod, which 
permits proper orientation of the needle, is best. 

Magnetometer, for measuring variations in vert magnetio intensity, uses an ordinary compass 
to determine the hona direction of the magnetic field, and then places the measuring system, similar 
to a dip needle, at right-angles to this position This is done by the Hotchkiss Superdip and the 
Schmidt variometer The Thalen-Tiberg magnetometer and its simplification by Brunton permit 
measurement of variations m honz magnetio intensity exceeding 200-300 gammas The anomaly 
of a basaltic dike in shale, as measured by a honz Thalen variometer, is shown in Fig 13 The 
dotted line indicates the anomaly after correction for length of the deflecting magnet Modifications 
by the Aakama Corp have made the movement sensitive to 20 gammas by a design resembling a 
chemical balance Further refinements eliminate the temp coefficients, and permit observations 
to the order of 3-5 gammas Practically, little added information can be expected from further 
mcreasmg the sensitivity of magnetic instruments 


Analyses of magnetic measurements are probably approached most simply by adding 
geometrically the effect of the space distribution of magnetic poles Variations m vert 


intensity and those of the honz component 
both require consideration Fig 14 shows 
the anomaly caused by induced N and S 
poles Fig 15 shows that the inclination of 
the poles changes the character of the anom- 
aly for both vert and honz intensities, m 
such case the max vert component is nearest 



Fig 14 Theoretical Anomalies for Vert Dike of 
Finite I^ength (6) 


Vert component 



Tert component 
Horiz component v. 



North pole 


South pole 

Fig 15 Theoretical Anomalies for Dikes of 
Finite Length (5) 


the source of the anomaly, whereas the max honz component is not directly over the 
pole. 


Th© character of the fimction representing magnetic intensity depends on polarities and strength 
of the induced pedes, and their distribution over the body producing the anomaly If the body par* 
allels the earth’s field and has mfimte vert extent, as a narrow dike in the magnetic meridian or a 
volcanic pipe paralleling the magnetic resultant, only the magnetic poles induced on top of the body 
need be considered, since the poles on the bottom are so distant as to be negligible Magnetio 
intensity of a narrow dike is represented by an inverse first-power function In case of the volcanic 
pipe, the poles on top are regarded as a point source, the magnetic intensity being represented by an 
mverae-equare function If the body is a sheet of fimte thickness, so that poles of opposite pcdarity 
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induced on upper and lower surfaces of the body are both at finite distances from the surface and 
hence both effective in determining the intensity, the function is an inverse-cube. Generally, the 
intensity function is complicated by geometrical and intensity factors having no common relation. 

Fig 16 shows that the elements causing the 3 functions do not produce different types 
of anomalies, but only different intensities. Unless the form of the body is known, correct 
interpretation is difficult. Fig 17 shows the magnetic jirofile across a nickel orebody, 
striking E-W. The theoretical vert anomaly indicates the function to be less than 

Magnetic shell 



Horiz Component Vert Component 

Fig 16. Variation in Magnetic Components for Dikes, Poles, and Shells (8) 

1 -f- d, because the poles are distributed over the sides separated by the dike’s width. 
If the strike of the dike were N-S, the top only would enter the computation, which would 
be for a simple inverse function. The honz component, measured by a variometer, shows 
the general anomaly at about 100 ft N of the pole. The mcongruent portion of the horiz 
magnetic curve south of the dike indicates another of smaller size, which could not have 
been found by the vert magnetometer alone. 



Fig 17 Comparison of Observed and Computed ^ 

Curves of Vert and Honz Magnetic Intensity Fig 18. Approximation of Depth of Dike from 
\aiiatioiis (8) Vert Magnetic Profile (8) 


To ascertain the shape and depth of the source of magnetic anomalies requires knowl- 
edge of magnetic field theory. In case of a dike, lelatively simple relations can be used 
(Fig 18). At any point P of the traverse, erect PK, passing through the anomaly curve. 
About a center C on PK pass circle PN' , with radius 


CP equal to O.f) A/.Y, through point P and tangent to 
the base lino. Through K pa.ss line KN' perpen- 
dicular to PK and MN , intersecting circle PN' at A '. 
Extend N'P thiough P to line NM exteiidetl, inter- 
cept MO gives the depth. Siiiiilur construction start- 
ing at other points on the magnetic profile should 
check at same depth. An undei standing of magnetic 
theory is neco.Msary to determine the mode of analysis 
best suited to any particular case. 

If the country rock is magnetic and the orebody is 
not, the body is defined by a leverse anomaly. Fig 
19 shows a hematite Ixidy bordered by magnetite in 
slate. The magnetite causes the vert components to 
show a max on each side of the body and a magnetic 
low over it. In some places, faulting has caused the 
loss of a vein (Fig 20). Here, surveys of the vert 
magnetic variations indicate the displaced position of 



Fig 10 Typical Magnetic Anomalies 
for Conditions as shown (5) 


the orebody, and the amount of shift along the fault; a magnetic high on the edge of the 


vein characterizes the formation. Local measurements often show features of an area 


definitely outlining magnetically different rocks related to the vein. 
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Magnetic variations sometimes reflect changes of elev of the crystalline basement. In such sm . 
veys, very small but important anomalies exist; great care is needed to avoid false observations, 
since the measurement involves differences of only a few gammas. As diurnal variations are often 
far greater than the anomaly, a base station is used with a second instrument to give the proper cor- 
rection for the time of each observation. Magnetic storms often prevent such work. Horiz sedi- 
mentary formations free from folding may contain considerable magnetite without greatly altering 
the picture of the underlying basement rock, if the magnetite is uniformly distributed over the area. 



Fig 20. Detection of Horiz Faulting by Magnetic Anomalies (3) 


Field operation. Traverses are run with stations at intervals less than width of the 
anomaly sought. Cost of the work depends largely on the spacing of stations. In oil 
surveys, where stations are 1 mile apart and the section corners difficult to find, 13 stations 
may constitute a day’s work; on open profile lines, more than 100 observations can be 
made per day by an observer and assistant. When using a horiz magnetometer, correc- 
tions are necessary for the effect of vert intensity. Fig 21 is a chart for this purpose, pre- 
pared by U S Coast and Geodetic Survey. 

3. ELECTRICAL METHODS 

These methods are in 2 main groups: (a) Self-potential methods measure the natural 
potentials of the ground; (6) induction methods measure artificially-applied currents and 
potentials. 

Self-potential methods have been widely used. The elec field is of chemical origin 
and the methods are especially adapted to oxidizing sulphide deposits, the manner in 
which oxidation occurs determining the polarity. Oxidation at the top produces solutions 
that are positive with respect to the ore. Ore at depth may be positive or negative, depend- 
ing on location and quantity of oxidized substances in the material at the point of reference. 
Oxidation is controlled by seepage of meteoric waters containing O. Where deposits are 
active and near the surface, differences of 500 millivolts may occur over an interval of 
100 ft. Potential differences at the surface are common and often due to differences of 
concentration of solutions acting as concentration cells. These are of the order of 20 
millivolts in 100 ft. The poles produced by deposits at increasing depths eventually 
become indistinguishable fiom those present from other sources. 

Care must be taken in making natural-potential surveys to avoid variable ground potentials, 
which may originate in auroral discharges, artificial sources, or magnetic storms. Fig 22 shows a 
section across a sulphide deposit undergoing oxidation from the top. Ground contacts are made at e 
and e' by non-polarizing electrodes, and the potential difference is measured by potentiometer P; 
conductor L completes the circuit. 

Field surveys. There are 2 methods; (o) using a comparatively short distance 
between e and e' (Fig 22), most useful where the terrain is difficult; (6) keeping 1 electrode 
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e* fixed and gradually increasing interval L. In Fig 22 L is short, and the leading ground 
contact 6 advances the same distance for each observation, the trailing electrode being 
placed on the point previously occupied by the leading electrode; hence, there is a reversal 
of potential over the deposit, not a max value. 

The field is best laid off in parallel traverses, on which the potentials are plotted as in 
Fig 23. Differences in potential between some specific point and points on the separate 



Fig 22. Ideal Profile of Potentials over Fig 23 Layout of Traverse Lines for 

Orebody (9) Survey by Potential Method (9) 

traverses are also observed. From these data, iso-potential lines are drawn as in Fig 24. 
The position of the orebody is generally directly under the greatest anomaly. Standard 
elec instruments are used: potentiometer with a range from 1 millivolt to 1 volt, 2 porous- 
pot ground contacts, wire connectors, tape, and compass. The method applies to deposits 
of electrically-conducting sulphides and oxides, as pynte, galena, chalcopyrite, pentlandite. 



Cross Sec of Ground 



Fig 25. Spacing of Electrodes for Fig 26. Principles of Ground Resistivity 

Ground Resistivity Measurements Measurement (10) 


and associated minerals ; less applicable to magnetic oxides. It can not be used to prospect 
for non-conductors, as sphalerite, cinnabar, and stibnite. 

Electrical ground resistivity. Correlation of this to geology is well recognized; 
investigations have provided solutions of problems relating to geol formations and 
structures, even where few surface indications were available. 

In this method, the earth is regarded as a medium having ohmic resistance, and much work has 
been done regarding the distribution of currents and potentials. Practical results often give enough 
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information for the purpoee. It has been found that certain factors so eonrpkeaie the laws of ohmic 
conductivity as to put theoretic conclusions at variance with physical observations. Such factors 
are the non-uniformity of resistivity with current density, anisotropy, the combination of electro- 
lytic activity associated with ohmic conductivity, and the channeling of the current instead of a 
uniform distribution through the medium. Hence, a simple number, neither exact nor aver, called 
APPARENT GROUND RESISTIVITY, is taken as an index and computed on the assumption of a 
simple distribution of currents and voltages in a uniform isotropic medium. 

Two methods for measuring the apparent ground resistivity are: (a) Schlumberger 
places the current electrodes in the ground very far apart and measures the earth resistivity 
near one of the contacts, neglecting the effects of the distant electrode; (b) a method first 
used by Wenner makes equal spaces between current and potential electrodes (Fig 25). 
This has been modified by Lee, who introduces a third potential electrode Po, midway 
between Pi and permitting ground comparisons, determination of geol continuity, and 
elimination of surface resistivity anomalies not related to deeper formations. Fig 26 
shows the general principle of the modified 
Wenner method. The effective field penetrates 
deeper into the ground when the battery contacts 
are moved farther apart. The ground around 
the electrodes is excluded from measurement and 
the mid-section divided into 2 parts m and n for 
comparison. Deeper observations are made by 
gradually separating the electrodes, keeping point 
A fixed (Fig 27P). As new material is encoun- 
tered (Fig 28, a, 6, c) the apparent resistivity 

To Instrument 




To Instrument 


To Instrument 


v> 

< 


Fig 27 Stake Layout for Measuring Resistivity A d 

and R, for inci easing depths at one point C, foV con- Fig 28 Effect of Increasing Depths on 
stant depth along a line (11) Resistivity Curves (11) 

varies with the elec resistivity of the deeper material. It may often be preferable to 
maintain a fixed spacing and move the whole elec configuration along a line, as in Fig 
27C, for discovering lateral changes of ground inateiial. 

Fig 29 shoivs application of this method for determining gravel beds, illustrating the changes in 
apparent ground resistivity with depth The gravel has high resistivity, causing the curve (Fig 29 A) 
to rise rapidly after it is encountered at a depth of 18 ft on the N side of the instrument. Similar 
conditions exist on the 8 side, except that the resistivity is lower, indicating more silt. The bed 
extends to depth of 36 ft before meeting clay. The second pair of curves (Fig 29R) indicate imi- 
form ground, containing no gravel to depth of 48 ft. In the method of ground measurements shown 
in Fig 30, the current contacts can be made regardless of polarization, whereas the potential con- 
tacts are best made with non-polarizable electrodes. Reversing switches in both the current and 
potential circuits are needed to eliminate natural ground potential. If variable ground currents are 
present, commutating devices operating simultaneously on both current and potential circuits, as 
used by Gish, are preferable; but commutated current is disadvantageous, owing to the small 
amount of current used on high-resistance ground, compared to the charging current. Also, for 
great depths, the skin effect, or lack of current penetrations, is a limiting and disturbing factor. 

Simple mathematical relations. For a simple isotropic medium the relation between potential 
and current is (see Fig 26) : 

F r~ — ^ — ^4- “If where V « voltage between the potential electrodes. Pi and Pi; 

2ir Lri ri r| r 4 J ’ * 

/ current in amperes applied to the ground; ri »■ distance Pi to <7i, cm; rj =» distance Pi to <7i, 
cm; rs — distance Pi to C\, cm; r 4 •» chstance Pj to Ci, cm, t «*■ 3.1416; p resistivity in ohm- 
centimeters (ohms per cubic cm). 
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In the Wenner configuration, CiPi ■■ PiP% “ P%C^ " and the above formula reduces to 
V 

p « 2ira Y ohm-centimeters. 

In the Lee configuration, CiPi «= 2 JPiPq “ 2 P 0 P 2 “ PaC'j *= <*» and the above formula reduces 
to /» *= 4iro • 

V V 

If o is measured in ft, p =* 191.5 a — ohm-centimeters for the Wenner configiuation ; p “ 383 a j- 

ohm-centimeters for the Lee configuration. 
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Fig 29. Typical Resistivity Curves in Humboldt 
Basin, Nev (10) 


MA 



Fig 30 Circuit Diagram for Earth 
Resistivity Measurements (12) 

Ba = 220-volt “B” battery 
Cl. C 2 = current stakes 
Pi. P 2 . Ps = non-polarizmg potential 
electrodes 

<Si, S 2 — reversing switches 

.Sj =* switch connecting P^Pz 
or PtPz with potenti- 
ometer 

MA = milliammeter 
P = potentiometer 


Measurement of depth of overburden by the elec superposition method of Roman. 
It is often desirable to measure this depth, which can be done if overburden has uniform 
elec resistivity, if bedrock is at least as thick as overburden, and if the resistivity of bed- 
rock differs from that of the overburden. 

r4.600 



Fig 31. Resistivity Curve as 
Measured (13) 
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Fig 32. Resistivity Curve Plotted 
from Conversion Table (13) 


Details for an example of sand and gravel on clay are as follows : 

(A) Using the Wenner or other suitable electrodes, obtain a resistivity-depth curve (Fig 31) by 
changing the spacing. 

(B) Replot this curve logarithmically (Fig 32) from Table 1 for both axes; OR is mantissa of the 
log of the number NO. In Fig 31, depth 400 ft and resistivity 18 000 are coordinates of first point; 
corresponding logs, from Table 1, are 2.602 and 4.255, where .602 and .255 are the mantissas in the 
table; 2 and 4, the characteristics for 3 and 5 digit numbers respectively. If the curve rises to the 
right, the imderlying bed is an insulator; if the curve falls, a conductor. 
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Table 1. Plotting Table 
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CC) Template ourvea, Fig 33, 34, best plotted on transparent sheet, are provided. Two groups 
of master curves are given, one for high resistance or insulator beds and one for low-resistance or 



Fig 33. High-resistance Bed (13) 



,4G00 


conducting beds. Table 2 gives values from which the master curves of Fig 33, 34 are plotted, and 
eervea for plotting the templates on a larger scale. Care must be taken in plotting the observational 
curve {Fig 32), to see that the scale for a loga- 
rithmic cycle is the same as that on the template 
master curves. 

([)) Slide the template over the curve of Fig 
32, as in Fig 35, until the observational curve 
coincides approx w'ith a master curve. In Fig 35, 
the curve falls along the conduct ing-bed master 
curve, having curve index number —753. 

(E) Depth index line of the template shows 
a value of 2.500 in observational curve sheet C 
(Fig 35). Using Table 3 for OR »* 500, the cor- 
responding number is 316 and, as the character- 
istic is 2, the depth is 316 ft. 

(F) Overburden resistivity is obtained from 
the resistivity-index line intercept on curve sheet 
C, (Fig 35), in this case 4.440. The anti-log of 
this number being 27 600, the overburden resis- 
tivity IS 27 600 ohm-cm. 

(O) Logarithm of resistivity of the bedrock 
equals the resistivity-index intercept, plus ourv’e- 
index number, or 4.440 — 0.753 — 3.687, the 
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jetton 


400 600 800 1000 1200 

Dcjith, ft 

Fig 35 Resistivity Curve plotted from Con- 
version Table. Low-resistanoe Bed 


antilog of which is 4 860 and the resistivity of bedrock is 4 860 ohm-cm. 
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Table 2. Master *Chart Data 


Low-resistance Bed 
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High-resistance Bed 


Depth 


Resistivity index numbers 
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299 4 

256 4 
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172 3 
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311 5 

260 2 

209 4 
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106 9 

54 2 
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559.8 

489 7 

424 7 
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302 5 
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741.9 

641 0 
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339 8 
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1 200 

841 9 

718 9 

619 9 

531 5 

449 6 

371 7 

296 3 

222 5 

149 1 
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Curve function 
(Index No ) 
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Table 3. Interpretation Table 
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Alternating-current and inductiye methods, formerly confined exclusively to mineral 
prospecting, are now used also for oil. They aim to measure the reaction of a geol body 
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to the change of a magnetic field passing through it. Usually they employ alternating 
magnetic fields with frequencies of 500 cycles per sec. The measured distortion of the 
original field, in phase and amplitude, is related to the body causing the anomaly. Since 
the resultant magnetic field is always plane and elliptically polarized, the position of the 
plane in space and the axes of the ellipse must be determined ; hence the measurements 
of the complete field distribution are slow, and restricted to certain components directly 
related to the anomaly, but are not contained in the main exciting field, thereby simplifying 
interpretation. 

An inductive method, of Nunier, permits measurement of resistivity to increasing depth, with- 
out losing geol continuity, by placing on the ground a coil the diameter of which is proportional to 
depth desired. The coil is excited with an alternating current. A small exploring coil in the center 



Amplifier 

Fig 36. Apparatus used in Turam Method (14) 


is adjusted to measure the magnetic field from the induced current in the ground. Various fre- 
quencies are used to avoid errors from skin effect. A curve, plotted between depth of penetration 
and the resistivities observed, is the inductive counterpart of the Wenner system. Potential ratio 
method applies a c to tlic ground, and measures the ratio between 2 pairs of points in the field by a 
bridge circuit in which the potential differences of the earth circuits are 2 arms in the bridge, while 



Fig 37. Equipliaae Curves in Electromagnetic Field over Orebody discovered Electrically (14) 

the other 2 arms are m the measuring set and adjustable for making a balance. Measurements are 
made along profiles with a definite spacing. Changes of impedance and impedance ratios are corre- 
lated with the geology. In the Bieler-Watson method, a large coil of about 600 by 1200 ft is 
placed on the ground and excited by a 500-cyo!e a o. Induced voltages are measured in a 2-coi! 
system, adjusted in the resultant plane of vibration, and balanced against each other through circuit 
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arrangements; the ratio of minor to major axis of the polarization ellipse is entered on the oharts» 
and iso-anomaly lines are drawn. The Tubam method employs a long, straight conductor, laid on 
the ground, grounded at each end, and supplied with a c. Two coils (Fig 36), a fixed distance apart, 
are used to run traverses at right angles to this wire, and changes of phase and amplitude are mea- 
sured between the induced voltages in each coil. Iso-phase curves are then charted as in Fig 37 ; 


Vector field 
components 

4 
2 

Vert 

component 



Fig 38. Electromagnetic Secondary Field Components over Ore Model (14) 

iso-phase-diiference charts are also plotted, the places where steepest gradients occur on the charts 
are the areas sought. Tests on models (Fig 38) show position of an artificial orebody and the change 
of the various associated a-c magnetic components. 

Electromagnetic methods are generally advantageous in needing no ground contacts 
(especially helpful in frozen districts), but they often fail to give detaileii geol dolimtion, 
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Fig 39. Absorption of Plane-polarized Electromagnetic Waves in Homogeneous Media (15) 



and often do not permit restriction of vert or lateral boundaries to certain limits. The 
theoretic values of current and potential distribution, even under simple assumptions, are 
difficult to calculate, especially if the orebody is imbedded in an electrically conducting 
madium. These methods now rest on a quasi-scientific basis. Changes in amplitude of 
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electromagnetic waves when passing over dikes and faults are noticeable for certain 
frequencies and can be used for mapping them. 

High-frequency radio waves are not well adapted to geophysical work. There is a lack of pene« 
tration, due both to skin effect and to absorption of the waves by the rooks. Since the dielectric con- 
slant of water is 80, and that of rocks much less, geol anomalies are difficult to identify by using high 
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Fig 41 Recognition of Porous Beds by 
Resistivity Measurements (16) 




Bm log For log 
0 128 •►10 0 -10 - 20 - 



Roslstlvltlos, 
ohm -meters 
10 20 80 40 


-1U-W-8Q /^/// 

MIl’volU 


log Por log 
0 20 40+10 0 - 10-10 


Mcm^porous] 
re’at^nt bor] 



Fault plane 


Distance between .. , 

wells 650 ft 

Fig 42 Solution of a Fault by Resistivity Fig 43. Interpretation of Resistivity Measurements 
Measurements in Boreholes (17) c iu Boreholes (16) 

frequencies, as they are often concealed by effects due to water in the rocks. The percentage absorp- 
tion of a plane-polarised magnetic wave, and the depth in meters required to halve the intensity, are 
shown in Fig 30. 

Electiical w«U logging, according to Schlumberger, comprises measurement of elec 
resistivities of the formations penetrated by drill hole or well, and charting the values at 
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successive depths, and includes elec observations related to porosity of the formations. 
To measure besistivity, a set of electrodes, (P 2 , Pi, C, Fig 40) is gradually lowered into 
the well ; current / is held constant and the potential E is registered on a recording chart. 


The resistivity is proportional to the measured potential, since p 



rir2 

n — ri 


in which 


all factors except E are constant. To measure porosity, a potentiometer is connected 
from one electrode at top of the well and a second in the well (Fig 41). An increase in 
potential indicates a wider spreading of the drilling mud into the formations. 



Fig 44. Typical Interpretation of Theo- 
retical Porosity and Resistivity Measure- 
ments in Same Hole (18) 



Contourllno (Ist horizon) 
Faults 


Fig 45. Example of Stratigraphic Contour- 
ing by Resistivity Logs (19) 


Fig 42 shows a theoretic log. Water and oil sands show considerable penetration of mud; shale 
and limestone do not. The log of an oil well shows low resistivity for sands containing saline ^ater 
and high resistivity for sands impregnated with oil, but the porosity log shows high porosity for 
both. Hard formations have high resistivity, but low porosity. Thus, oil sands are di^^tinguisbed 
from water-bearing sands, and non-porous, hard formations from oil-beanng sands (Fig 43). 
Usually, other compact formations show small porosity and high resistivity In water wells the 
work is less simple, since clay deposits and mud iii porous gravel are much alike, and potential 
differences are often too small to distinguish between them as to porosity. Gravel beds impregnated 
with fresh water have very high resistivity compared with clay beds, the reverse of the saline situa- 
tion in oil wells. , 



Fig 46. Transition from Oil- into Water-sand, Veneeuela (20) 


Stratigraphy and structure. The elec resistivity in well logs when plotted against 
depth forms well defined profiles. By comparing these (Fig 44), and identifying cone- 
Bponding sequences, faults may be located and their throws measured. To contour the 
elev of certain identifiable beds, resistivity logs from dry wells are valuable for both 
stratigraphic and structural information (Fig 4.5). Resistivity logs of wells are also useful 
for determining the salt-water boundary of oil pools (Fig 46). Resistivities of oil beds 
are high, gradually tapering towards the water-impregnated boundaries. Fig 47 shows 
3 producing horisons; also an anticlinal structure continuing up into comparatively 
shallow beds. 
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4. SEISMIC PROSPECTING (20-22) 

Geneiml. Seismic prospecting utilizes waves artificially generated in the ground, and 
examines their path, veloe, time, and character from their origin to their destination. 
Waves in a homogeneous medhim are: (a) dilatational or compresaional, similar to sound 
waves; (6) transverse or shear wa\'e8, like light or electromagnetic waves. 


6d/do 

2. Poisson’s ratio, <r ** ’ 

M > iQ 


Certain combinations of physical constants of the medium determine the veloo of elastio waves. 
With simplifications due to Macalwain, the factors are: 

1 . Young’s modulus, E =* -— 7 , , where F is the stress; ioi the original length before stress mm 
AqqI 

applied; .4s, the original area before stress was applied, 5/, the change in length in direction of the 
stress. 

loid 

, where in and do are the original length and diam of the 

doot 

material before stress; 61 and 6d are the changes of length and diam after stress. 

Ee 

3. Sum of the principle stresses, X -f F + ^ 1 TT . where X, F, and Z are the oomponente 

1 — 

of the stress F in the z, y, and s directions, and 9 is the cubic or volume dilatation; the latter has the 
- 6V 

value 9 =» tt. , where dV and are volumes of an element of constant mass 6m before and 

oV 

after application of stress F. 

4 . Lame's constant, X 


9. Bulk modulus. A' 


U f •’)(! 
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2a) 


5. Coefficient of rigidity, p < 


E 


3(1 


8 . Longitudinal veloe, P 




2(1 + <r) 

7. Coefficient of incompressibility, 1 -f- k. 


9. Shear-wave veloc, S -• 


2p(l + a) 


also: # 


Jg(l - g) 

#1(1 -fr)(l -2#)’ 

Kl)‘- ■ 
W^' 


, where A is thedenaitj. 


If an impulse is applied to homogeneous ground, the first arrival is a longit or P wave; followed 
by a shear or 3 wave, and then by surface (Rayleigh) waves, the origin of which is controlled by sur- 
face boundary conditions. 

Seismic prospecting methods, now current, utilize the first arrival of the P or com- 
pression waves, which are similar to sound waves and refiected and refracted at surfaces o£ 
discontinuity. For reflection, angle of incidence » angle of reflection. For re£niotioxi» 
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sin a sin /3 

Vi “ Fs 

in medium 1 ; Fa, the veloc in medium 2. The same relations apply to shear waves. There 


, where a is angle of incidence and the angle of refraction, Fi is the veloc 



Fig 48 . Diagram showing Reflection Seismograph System (21) 


IS a difference in seismic waves, as they can carry both compressional and shear stresses at 
boundaries of mediums, because a compressional wave will generate not only the usual 
reflected and refracted ray, but also a reflected and refracted shear wave. This difference 



Actual motion 



B 


Fig 49 . A. Error in Amplitude and Phase. 
B. Phase Reversal below Critical Frequency; Fre- 
quency increasmg (22) 


is analysed best by considering the differenr 
tial coefficients for both dilatation and 
shear on boundary conditions. The rela- 
tions at such a contact surface of an im- 
pinging compression wave are (Macalwam) : 
sin a sin y sin H sin tj sin f 

TT “ p'l “ s'2 * "pV " TsV * 

where P'l and P'j are velocities of com- 
pressional waves Pi and Pi in medium 1 
and medium 2 respectively, and and 
S'i, are the velocities of shear waves Si 
and Si m mediums 1 and 2 ; a =* angle of 
incidence of Pi, y ** angle of reflection of 
Pi; 77 » angle of refraction of Pi, le, the 
direction of P2 in medium 2; 5 *» angle of 
the shear wave generated in medium 1, 
and f that of the generated shear wave in 
medium 2. Similar analysis can be made 
of an impinging shear wave. The veloc of 
the waves in mediums 1 and 2, and the sine 
of the angle of incidence of the original 
wave, control the directions of generated 
waves. The equation shows that under 
certain conditions the sine is greater than 
1, indicating that no such wave is possible. 
In seismic reflections, a series of waves are 
generated at such surfaces of discontinuity 
and internally reflected. 


Apparatus for refraction and reflection proapecting is similar, except that the seismic “ pick up®** 
need higher sensitivity for recording reflected vibrations (Fig 48 ). The wave impinges on the seis- 
mometer, usually buried in the ground to avoid wind and other disturbance. The eeisnuNoieter 
transforms the mechanical into an elec impulse. The latter is amplified by automatic volume 
control for weak waves near the end of the record, and the output of the amplifier passes through 
an oecillographio element, the light beam from the latter passing through a condensing lens, to 
focus the image on sensitised paper. A second light beam is flashed across the paper every 0 . 01 - 
0.05 sec by a tuning-fork to show elapsed time. The instant of the explosion furnishing the impulse 
is recorded by interruption of current in a wire wrapped around the explosive. Accuracy of vibra- 
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tion measurement is modified by the motion of the seismometer, when it begins to vibrate. Fig 49 A 
shows the error which may occur in phase and amplitude, especially when nearing the resonant 
frequence, an operational condition to be avoided. Fig 495 shows a complete reversal of phase in 
recording on opposite sides of the instrument resonance point. 

Shallow refraction is the simplest application of seismic prospecting as used to deter- 
mine the bedrock depth for dam sites and depth of glacial drift. Fig 50 shows such a 



Fig 50. Time-distance Curves for First Arrival of Waves. Adapted from E. R. Shepard (12) 


survey. The shot point is at 5, from which seismic waves travel as indicated. The paths 
to the first detectors remain in topsoil; those to the second group pass through the soil 
twice and through the clay; those to the third group pass twice through both topsoil and 
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tion usually introducing only a small error, the depths of the respective layers of topsoil, 
clay, and rock are as in Fig 50. When the contrast in speed between the beds is great, this 
method is very effective where alluvium rests on hard rock, but if water-soaked gravel 
rests on a comparatively slow-speed bed, as shale, the contrast is small and its recognition 
difficult. Where the bedrock is decomposed, seamed or chemically altered, or has an 
indistinct boundary, causing a gradual increase in speed through considerable depth or 
thickness, the method is not applicable. Faults are recognized by the offset of lines 
parallel to DW, owing to change of depth Hi or Hz. 

Deep seismic refraction. Seismic refraction waves have been used for exploration to 
depths as great as 3 000 ft; beyond that, the proportion of time spent in passing through 
the anomaly becomes small compared to the total time, and renders results doubtful. 
Fig 51.4 shows path of the longit wave in a medium where speed increases uniformly with 
depth; this path is the arc of a circle. Fig 51 jB shows effect upon the time-distance curve 



Fig 52. Determining Dip by McCollum- 
McGhee Method (24) 


a 



Fig 53. Seismic Paths in Continuous Pro- 
filing (25) 



Fig 64. Theoretical Seismograms for varying 
Dips Aver veloc, 6 000 ft per sec. Depth, 
7 (iOO ft. 8pace between geophones 1 and 5, 
1 000 ft (21) 


caused by salt-domes; similar anomalies may be caused by other lenticular high-speed 
beds like slate. Phase and amplitude control often furnish enough information for proper 
interpretations. 

Reffection surveys are chiefly used in seismic prospecting for contouring deep-seated 
formations, Beds greatly differing in elasticity, as the “ big lime ” in northern La, cause 
excellent reflections. The origin of seismic impulse in the ground is the detonation of a 
charge of dynamite, but the reflected wave from the various beds bears only slight resem- 
blance to the form of this impulse. Impingement sets the echoing bed into vibration with 
its own characteristic frequencies; hence, a permanent, reliable record is important, such 
as a sound track that can be produced for analysis. The analysis is interpreted by selecting 
from the record certain frequencies having direct correlation with the echoe.s and depths 
in question. Fig 52 shows the reflection paths of a wave at the border of 2 media; O is 
the shot point; the reflecting surface; OT and OU are 2 wave paths impinging on the 
reflection surface at T and U and returning to surface at P {xi, O) and Q (.x%, O). Draw a 
line from 0 perpendicular to the surface RS and extend below to the iraajfe point 
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OZ be a vert line and 4* the angle it makes with 00' (same as dip of bed RS ) . Know- 



Fig 65. Observation Points, and Theoretical Seismograms for Two Limestone Horisons (21) 


ing the speeds of the beds in the region, h and 4> are computed, 
a numl>er of receptors (Fig 53) are kept in position 
while the shot point is changed from Aio B. Fig 
64 shows effect of changes in angle a (dip of bed) 
upon the reflection records. Fig 55 shows reflec- 
tions from 2 limestone beds a.s received at 1, 2, 3, 4, 
and 5, the source being at H, The echoes C and D 
refer to the 2 beds. Record B is the time of first 
arrival of the waves and bears no relation to the 
reflecting beds. To make a reflection survey, the 
ground is laid off as in Fig 56 for the shot points. 

The important factor is the closure of the contour of a reflecting bed. 


To determine bed RS^ 
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Seismic Stations 

Fig 56. Individual Spreads of Seismo- 
graph Stations (25) 






Fig 67. Four Typical Ooourreaioes of Oil (21) 


Fig 57 shows a few of the formations and gedogic structures to which reflection seismic surveys 
have been applied. A is a simple anticline with 2 productive oil horisons* B is a salt dome with 
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shallow oil and gas, and an impervious cap rock, oil and gas being entrapped on the flanks of the 
dome. C shows possible reservoirs on a granite ridge; Z>, the oil trapped on a fault. 

The limit of reflection surveying has not been reached, but depths of about 20 000 ft have been 
recorded. Since variations in thickness of the low-speed weathered zone near the surface lead to false 
interpretations, the explosive is put in a drill hole below this weathered zone; this procedure takes 
time and increases the cost of reflection 8 urve 3 ring. Changes of thickness, as caused by lensing, inter- 
fingering, erosion, and overlap, modify the interpretations, and are obstacles in the application of 
these methods; uniformity and continuity of formations are desirable for good results. 


6- TEMPERATURE SURVEYS 


General. Temperature phenomena give certain information not obtainable in any 
other manner. There are 2 kinds of surveys; one in which a well has reached thermal 



Fig 58. Isogeothermal Profile W-E across Humble Salt Dome, Texas (26) 


equilibrium, the other where a temp transient (see below) is important. A temperature- 
depth curve shows temp gradually increasing with depth; that near the surface of the 
ground should be a little above the mean annual temp of the area. The well should be 
surveyed some time after drilling has stopped, to permit dissipation of local heat generated 
by drilling. If the temp log as measured is abnormal, owing principally to escape of gas 



Fig 59. Isogeothermal Profile across 
South Edge of Grand Saline Salt 
Dome, Texas (26) 
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Fig 60. Stratigraphic and Isogeothermal Contours 
of^Part of Big Lake Oil Field, Texas. Adapted from 
E, M. Hawtof (26) 


from the hole, such conditions must be remedied before a final log is made. Actual tem- 
peratures and temp gradients are both important, and must be simultaneously examined 
in a given region. In general, over salt domes and other geol bodies with high thermal 
conductivity, the temp and temp gradient are above normal. It is customary to use the 
number of ft per deg instead of the temp gradient or the degrees per ft. 

Fig 58 shows the temp profile over the Humble salt dome; Fig 50, that at edge of the Grand 
Saline salt dome. Owing to the better heat-conductivity of salt domes, the temp at top of the 
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Humble dome is higher than along the margins, whence the number of ft per deg over the dome is 
less. According to Van Orstrand, the number of ft per deg F over salt domes is 20-50. Using 
well-temp measurements as a guide, the direction showing least number of ft per deg generally points 
towards the top of a dome or anticline. Fig 60 shows the constant-temp contours over the Big Lake 
held, Texas, at depth of 2 800 ft. Another way of showing temp distribution is to contour the ele- 
vations at which a given temp is encountered. Regional temp charts are valuable for large struc- 
tural features (Fig 61). 


09 



Fig 61, Temperature Profile, Oklahoma City to 
Sapulpa (27; 


Temp measurements in wells are made by maximum thermometers, low-ered into the well. For 
more detailed temp data, other apparatus, as elec resistance thermometers, is necessary. 

Ground-temperature transients. The measurement of these, especially in wells, 
has value for obtaining information upon formations differing greatly in their ability to 



Fig 62. Probable Variation of Temp with Time Fig 63. Temperature Survey 12 Hr 

Elapsed from Moment Circulation Ceased. Deep after finishing Cementation around 

Wells (28) Casing in a Calif Well (29) 


transfer heat. Such measurements also serve to locate cemented zones in w^ells, even when 
casod. Another advantage of these observations is that they furnish information on 
changes in distribution of fluids around wells in operation. Measurements can be made 








lO-A-28 


GEOPHYSICAL PROSPECTING 


by observing changes in elec resistivity of a resistance element inserted in the well. As 
the instrument is lowered, the leads also introduce a temp effect. The use of 2 resistance 
elements (one having a zero temp coef), connected to form 2 arms in a Wheatstone bridge, 
is therefore recommended. The effect of the leads can then be compensated by a variable 


Location of water 



Fig 64. Location of Sands Fig 65. Study of Formations through Casing and “Old” 

having produced water (30) Cement (30) 

resistance in one of the 2 bridge arms containing the resistances. Variation m resistance 
is a simple function of the temp. 


The temp of drilling mud is usually intermediate between the surface and bottom temperatures. 

When the mud circulation is stopped, the mud temp 
will drop at top of the well and rise at bottom. Fig 63 
shows an idealized temp graph made after different time 
intervals. The important feature is that the changes of 
mud temp occur faster opposite water sands than op- 
posite shale or limestone. Such beds therefore introduce 
temp fluctuations in the well indicating both the thick- 
ness and position of the horizon. The temp rise caused 
by the setting of cement within a few hours after plac- 
ing it outside the casing clearly indicates the position of 
the cemented zone (Fig 63). The top of the temp rise is 
shown at 6 400 ft, from which depth the high temp 
persists downward, and indicates the portion of the 
well that has been cemented. 

The method of locating water and gas horizons is 
shown in Fig 64. Rapid expansion of the gas reduces 
the temp, while the water below it has a much higher 
temperature and heat capac; hence the temp transient 
Pig 66. Correlation of 1 Cased and ia reversed below point R, and indicates the position 

Cemented Well (right) with 2 Open of the water horizon. Fig 65 shows a temp transient 

Holes (29) curve, obtained in a cased well, compared with a resis- 

tivity log in the same well before being cased. The 
porous formations give similar elec and temp anomalies. Fig 60 shows the correlation between a 
resistivity log, the open-hole temp survey of 2 welLs, and a temp survey in a cased well. The 
formations can be identified and compared, Jperraitting determination of variationsfin clev. At pres- 
ent, the transient temp method is the .only one by which the positions of various formations can 
be measured in a cased well. 



6. RADIOACTIVITY SURVEYS 

Rocks containing minute amounts of radioactive elements can be prospected by measur- 
ing the ionization caused by radon m the air absorbed by the ground. At certain stages 
of decomposition, radioactive elements emit a particles which are positively charge<i helium 
atoms, /S particles, negatively charged units or electrons, and y rays, which are hard X-rays. 
Each of these ionize a gas, making it electrically conducting. By using an elec-charged 
condenser, and recording the rate of decay, the variation of radioactivity can be measured. 
Unit of measurement is the Mache unit, the amount of radioactive emanation in 1 liter 
of gas which will produce a saturation current of 0.001 electrostatic unit. In an electro- 
scope, let Fi » voltage (electromagnetic units) before discharge; Vo voltage at end of 
discharge; i » time in sec; C »> electrostatic capac, centimeters, of condenser system 
being discharged. I » amperes (elect rostatio units) of saturation current. Hence, 
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J » (Fi — Vo)C + 300 and since the number of Mache units (M U) — 1 000 /, the 
formula per liter of gas is: MU- lo/s {V i — Fo)(7, where Vi — Vo is the change of voltage 
per sec. 

The ground is laid off on traverse lines, and the number of M U are plotted at measured points. 
If the traverses are sufficiently close, iso-radioactive lines are contoured. This method, useful in 
locating faults through which radioactive gases are flowing, can be used for prospecting for radio- 
active ores, as oarnotite and pitchblende. Due to small amoimts of siroonium and other weakly 
radioactive elements in the soil, a certain amount of radioactivity is always present, bearing only 
an indirect relation to the geologic structure. 

7. MICRO-GAS SURVEYS 

Analysis of soil and of its gas content, for the presence of hydrocarbons, as an indication 
of gas seepage, has had much attention. According to Kosaire, this seepage is greatest 
at edges of a pool. ‘ By charting the hydrocarbon and gas content along a proflle, the 
presence of oil deposits is indicated. No details are yet available as to methods for dif- 
ferentiating between methane and ethane in small amounts. Methane is often generated 
by vegetable decomposition and then bears no relation to oil or gas deposits, whereas 
ethane, propane, and butane generally occiu* in natural gas. 

8. CHOICE OF GEOPHYSICAL METHOD 

In planning the surveys several methods should be applied to the same problem, 
especially if these methods are not related, and depend upon different properties of the 
same geol anomaly. Thus, oil prospecting in unknown territory would combine gravi- 
metric methods with seismic reflection; or, when drilling on known structures for the 
Ix^undary of discovered fields, elec well logging and well-temp methods are preferable. 
Mining problems combine magnetic with elec methods. Water investigations use elec, 
magnetic, and shallow seismic methods. On dam sites and excavations use the shallow 
seismic, together with the elec resistivity methods. Gravimetric methods are relatively 
more expensive, because the instruments are large and costly, and because subsidiary 
parties are necessary to measure elevations. Seismic reflection entails considerable aux- 
iliary expense for drilling through weathered Bones. Elec resistivity methods require 
many helpers to “ run wire ” and brush out lines. I.<e33 expensive are shallow r^raction 
and magnetometer surveys, which usually require 2 men (operator and assistant) . While 
well-logging and temp surveys do not require much field personnel, the technical equip- 
ment IS costly and suffers rapid depreciation. Table 4 summarizes the principal applica- 
tions of the several methods. 


Table 4. Summary of Geophysical Prospecting Methods 


ClaM 

Method 

Principal Apphcation 

Geologic Umts 

Gravity 

Torsion balance. . . i 

Pendulum > 

Gravimeter 1 

Oil 1 

Intrusive bodies, salt domes, faults 
Anticlines, synchnes 

Buried ridges 

Magnetic 

Dip needle 

Hone magnet omotor. 
Vert magnetometer 

Mimng 

Mining ... ... 

Magnetic rocks and minerals 
Contouring crsrstalline basement, 
dikes, faults, intrusive bodies 


Electrical 

Self potential 

Mining 

Sulphide and oxide orebodies 
Stratigraphy, formations and struc- 
tures. Depth of overburden 
Faults, dikes, salt water, gravels, 
channels 

Electrically conducting veins 

Earth reeiaUv'ity 

Induction 

Mining, oil, ground water 

Mining 



Seiamio 

i 

Shallow refraction. . . 

Hoad excavations, dam 
Bites, ground water 

Bedrock surface, buried channels 

Deep refraction ... . 

Oil 

Salt domes 

Reflection ! 

Oil 

Salt domes, faults, anticlines, syn- 
clines 



Thermic or 
temperature 

Steady condition ... 
Transient condition . 

Mining ) f 

Oil !> < 

Igneous and sedimentary forma- 
tions, salt domes, antichnee, syn- 
cUnee, faults 

Oil ) 1 

Hadioaotive , 

1 

Gamma radiation. . l ^ 
Gas ionisation ) 1 

Mining 

Faults, radioactive material 
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GEOPHYSICAL PROSPECTING 


9. TABLES OF PHYSICAL PROPERTIES 

For determining physical properties of rocks or geol bodies there are 2 methods: labora- 
tory measurements on specimens or samples, and field measurements of material in place. 
In general, measurements on formations in place are preferable to those on samples. The 
measurements often involve modifying factors, as the averaging of samples, effect of 
moisture, and solution factors, which can not be retained m the laboratory samples. As 
a rule, some information is better than none, and all geophysical tables should be viewed 
from this standpoint. 

Density. Since rocks are usually a complex of minerals, some of which may not bo 
identical in properties from one locality to another, and rocks from different areas may 
have different degrees of weathering or alteration, many different values may bo assigned 
to the density of the same rock type. Differences in porosity may also appreciably affect 
densities of similar rocks. Following tables therefore show different densities for like 
rocks, depending upon their origin and the kinds and degrees of alteration to which they 
have been subjected. Densities are calculated in c g s units, hence the values for density 
and spec grav are identical. Spec grav is a numeric and has no dimensions, whereas 
density is defined as mass per unit volume {M -i- L®). Table II, III show effects of certain 
modifying factors, which may materially alter the density or spec grav. For spec grav of 
minerals, see Descriptive and Determinative Tables, Sec 1; also Table 3, Sec 25. 


Table I. Density of Rocks. After H. Reich (31) 


Type of rock 

Specific gravity 

Type of rock 

Specific gravity 

I. Igneous Rocks 


II. Metamorphio 


A. Plutonic 


Orthoclase gneiss 

2 70 1 cn a 

Nepheline syenite. . . . 

2 62 (2 53-2.70) 

Plagioclaae gneiss. 


Granite 

2 65 (2.56-2 74) 

Granuhte . ... 

2 64 (2 57-2 73) 

Anorthosite 

2 73 (2 64-2 94) 

Quartz schist. . . . 

2.68 (2 63-2 91) 

Syenite 

2.74 (2 60-2 95) 

Mica schist . . . 

2 73 (2.54-2 97) 

Quartz diorite 

2.79 (2 62-2.90) 

Phyllite 

2 74 (2 68-2 80) 

Dionte 

2 86 (2 72-2.99) 

Marble . . . 

2 78 (2 63-2 87) 

Norite 

2 93 (2.70-3.24) 

Chlonte schist. . . 

2 87 (2 75-2 98) 


2 95 (2 85-3 06) 

Serpentine 

2.95 (2.80-3 10) 

Essexite 

2 95 (2 69-3.14) 

III. Sedimentary 

Amphibobte 

3 00 (2 91-3.04) 

A Consohdated 


Gabbro 

3 00 (2 89-3 09) 

GreyWacke. . . . 

2 69 


3 01 (2 99-3 08) 

Sandstone 

2.65 (2 59-2 >2) 

Hornblende gabbro. . 

3.05 (2.98-3 18) 

Limestone . , 

2.73 (2.68-2 84) 

Pendotite 

3 06 (2 78-3 37) 

Argillaceous shale. 

2 78 (2 72-2 83) 

Pyroxenite and dunite 

3 22 (2 93-3 34) 

Calcareous shale. 

2 67 (2 56-2 75) 

Eclogite 

3 35 (3.20-3.54) 

Rubbly marl . . 

2 66 (2 60-2 71) 

B. Hypabyssal and Vol- 


Chert . 

2 76 (2 70-2 86) 

canic 


B. Unconsohdated 


Quartz porphyry 

2.63 (2 55-2 73) 

Humus soil . . 

1.45 (1. 22-1. 68) 

Quartz porphyrite 

1 2 63 (2 55-2 73) 

Surface soil — 1 3 


Porphyry 

2 67 (2 60-2 89) 

teste 

1 1.73 (1 55-1 95) 

Porphyrite 

2 74 (2 62-2.93) 

Clayey sand, sandy 


Melaphyre 

2 77 (2.63-2 95) 

clay . 

1 93 (1 65-2 15) 

Diabase 

2 94 (2 73-3 12) 

Gravel, very damp 

2 00 (1.95-2 05) 

Rhyohte 

2 5 (2 35-2.65) 

Dry, loose, arable 


Phonolite 

2.56 (2.45-2.71) 

soil. . ... 

1 13 

Trachyte 

2 58 (2 44-2 76) 

Brown coal, lignite 

I.I2-I.3 

' Dacite 

2 59 (2 35-2.79) 

Very fine sandy al- 


Andesite 

2 62 (2 44-2.80) 

, luvium 

1.33 

Basalt 

2 90 (2.74-3.21) 

Carbonaceous loam 

1 51 .... 

Picrite 

2 97 (2 73-3 35) 

Clayey sandy soil 

1,6-1. 7 

Obsidian 

2.35 (2.21-2.42) 

Marl 

1.96 . . 

Pitchstonc 

2.40 (2.36-2.53) 

Very wet quartz 


Andesitic and porphy- 


sand ... . 1 

2 25 

ntio pitchstones. . . . 

2 56 (2.50-2 66) 

Moulding sand. . 

2.63 (2.54-2 63) 

Basaltic glass 

2 81 (2 75-2 91) 

Loess 

2 64 



Clay. 

2 58 


Magnetic properties. While much work has been done on the magnetic properties of 
rocks and solutions, as to their diamagnetic, non-magnetic, and para-magnetic properties, 
their susceptibilities remain probably their most important characteristics (Table IV-VI). 



TABLES OF PHYSICAL PKOPERTIES lO-A-31 


The ability to measure very small 
differences of magnetic intensity by 
variometers has enhanced the value of 
magnetic prospecting and the impor- 
tance of magnetic properties of earth 
materials. Since susceptibility of rocks 
is not constant, but varies with the 
magnetic field strength at which ob- 
servations are made, the intensity of 
the earth’s field is the most desirable 
intensity at which to determine the 
susceptibility of rocks. 

In rare cases, the magnetic field around 
certain iron deposits may exceed the normal 
earth's magnetic field. About 90% of all 
magnetic prospecting concerns areas where 
there are only slight differences in magnetic 
susceptibility of the materials involved. 
The magnetite content of rocks appears to 
be the chief source of higher susceptibilities. 
Table IX shows percentages of magnetite 
and ilmenite in some igneous rocks, and 
Table X gives corresponding data for other 
rocks. 


Table II. Effect of Water on Spec Gray of 

Rocks. After H. Reich (31) 


Type of Rock 

Normal spec grav 

Authority 

Dry 

Wet 

Granite 

2 58 

2 60 

C. Moore 

Doled te 

2 89 

2.90 

“ 

Basalt 

2 87 

2 88 

“ 

Serpentine 

2.71 

2 71 

Kusakabe 

Mica schist .... 

2.65 

2.67 

“ 

Sandstone 

2.23 

2.35 

“ 

Permian and Tnassic 
sandstone. . . 

1 

2 07 

2.27 

C, Moore 

Porous limestone 

I.9I 

2 20 



Table III. Effect of Shattering on Spec Gray 
of Rocks. After H. Reich (31) 


Type of rock 

Unshattered 

Artificially shattered 

Trap rock. 

2 99 

1.7 

Granite 

2 72 

1 5 

Sandstone 

2 41 

1 3 


Table IV. Magnetic Susceptibility of Igneous Rocks. After H. Reich (31) 


Type of rock 

Locality 

Suscepti- 

bihty, 

5X io« 

Field 

strength, 

gammas 

Authority 

Remarks 

1. Plutonic 

Granite 

Mount Sorrel 

600-650 

47-% 

E. Wilson 

Whole piece 

Basic streaks in gran* 
ite 

II 

400-1 810 

47-67 

I. 

«l II 

Granite, basic border 

II •« 

220 

124-157 


Cl II 

Hornblende dionte 

II II 

120 

156-200 


It 11 

Camptonite 

Nuneaton 

210 

128-483 



Augite granophyre 

(jroby Quarry 

40 

200-440 

“ 


Basic granophyre 

Newhurst Wood 

82 

137-241 

•• 


Olivine gabbro 

Skye 

5610 


A. W. Ruecker 

4 tests 

Gabbro. . 

Dw Forest 

4 200 


“ 

4 " 

“ .... 

Skye 

2370 


** 

II “ 

** 

Mull 

1230 



2 “ 

•* 

Cumberland 

230 


•• 


** ! . 

Hatton Hill 

St. David's Hill 

70 

nearly 0 


Ruecker A Whit© 


Tourmalin© granite 
Syenite 

Tourmaline aplite 

L. Iset 

240 

1040 

40-100 

51 3 

J. Baburin 


Gabbro 

“ 

3 500 

10 3 



Pyroxcnite , , . . 

** 

4000 

10 3 

II 


Dunite 

L. Taghill 

40-100 

51 3 

“ 


Gabbro 

Wisconsin 

430 

Earth's field 

L. B. Slichter 

0.15% magnetite 

"... 

" 

680 

.1 M 

•• 

0.24 

Granite 

Hari 

8 

About 5 

J. Koenigsberger 


Granite (Aar) 

Gotthardgebiet 

23-34 

II II 

“ 


" (Cristallina) 

'* 

20-30 

It II 

“ 


'* (Gotthard) 

U 

17-45 

.« 11 

** 


2. Hypabyssal and vol- 
canic 

Dolerite 

1 

Nottinghamshire 

4340-4 720 

22-49 5 

E. Wilson 

Rim 1 erf the same 

“ 

“ 

88-130 

132-248 

“ 

Center.../ specimen 

“ 

Ibices tershire 

3910-4080 

23-39 



“ ... 

Nottinghamshire 

2790 

19 8 

*• 


Basalt 

Derbyshire 

125 

40-69 

** 


Trachyte 


390 


A. W. Ruecker 


PhonoUte 

Melaphyrc . . 


700 

390 


.. 


Aver of 45 dolerites 
and basalts 

British Isles 

2550 


Ruecker A White 


Quarts dolerite. . . . 

Whin Sill 

2 630-5410 


“ ” 


<i II 

St. Davids 

nearly 0 


II 14 

Various high vahies 
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Table IV . — Continued 


Type of rock 

Locality 

Suscepti- 

bility, 

NX I0« 

Field 

strength, 

gammas 

Authority 

Remarks 

Basalt dike 

Northumberland 

10 090 


Ruecker & White 



Intrusive basidt 

Antrim 

13 900 


“ “ 



Basalt dike 

“ 

190 


“ “ 

Various bw values 

Basalt 

“ 

310 


** ** 



Nephelite basamte. . 

Tetschen 

6 070-7170 


F. Pockeb 

17.7% magnetite 

N^helite basalt . . . 

Lobauer Berg 

8100-9200 


** 

6 6% magnetite, coarse 






grained 


“ “ .... 

Tharandt 

8 560-10840 



24 5% magnetite 

Weathered basalt. . 

Balatonsee 

1326 

Veryhighfield 

L. Steiner 



Dense basalt . . 

“ 

300 

“ “ “ 

“ 



Melapbyre 

Tholey 

4 860 

8 7 

A. Turcev 

4 27% mag- 

S com- 



1 120 

26.1 

“ 

netite 

puted 



1670 

522 

“ 


from 

Basalt 

Owen 

1 500 

478 7 

** 

About 4 2% 

penne* 






magnetite 

ability 



r 

800 

8 7 

1 



“Hllow” lava . . . 

Karadagb 


636 

4 365 

17 4 

26 I 

•• 

3 55% magnetite 




6300 

438 1 

J 




Table V. Susceptibility of Sedimentary Rocks. After H. Reich (31) 


Type of rock 

Locality 

Suscepti- 
bility, 
NX I0« 

Field 

strength, 

gammas 

Authority 

Remarks 

Dense limestone. . 

Leicestershire 

3, 8 

300-515 

E. Wilson 


Dolomite. 

N ottinghamshire 

1, 8 

605 



Fine-grained dolomite. . 

Leicestershire 

4, 7 

603 

" 


Blue clay. . . . . 

Irthhngborough 

20 

94-375 

“ 


Blue clay shale 

Cbarnwood Forst 

39 

245-355 

*• 


Hornfels 

Mount Sorrel 

32 

332-342 

" 1 

Contact- 



61 

237-240 

1 

metamorphio 





1 

rock 

Tertiary beds 

Balatonsee 


Field very 
weak 

} L. Steiner 


Dolomite 

“ 

14 




Ferruginous sandstone 

Switzerland 

too 


J. Koenigsberger 


Black Portland beds . . 

“ 

80 

2 500 





16 

5 

*• 


Miscellaneous sediments 


<10 




Rock salt 

North Germany 

-0, 4 



Estimated 

Country rock of the Salz- 






horst 


40 


•• 


Coal 

Waldenburg 

<2 

5 

“ 



Table VI. Magnetic Susceptibility of Metamorphlc Rocks. After H. Roirh (31) 


Type of rock 

Locality 

Suscepti- 

bility, 

! NX 108 

Field 

strength, 

gammas 

Authority 

Remarks 

Ferruginous quartzite 

Krivoj Rog 

550 

10 3 

J. Bohurin 


Hornblende-magnetite 






schist 

** •• 

9 000 

10 3 

" 


Hornblende schist 

Urals 

8 000 

10 3 

•* 


Talc schist 

“ 

3 000 

10.3 

•• 


Hornblende schist . . . 

Malvern Hills 

1 390 


A. W, Ruecker 

Magnetite — rich 

“ “ . . . 

" “ 

1 130 


" 

Magnetite less 






abundant 


** “ 

300 

10.3 


Little magnetite 


“ “ 

120 


*• 

Magnetite very 






scarce, titano- 






ferrite? 

“ .... 

“ “ 

nearly 0 


t* 

Magnetite very 






scarce, only 

Basic para schist 

Gottbardgebiet 

17-180 




titanoferrite 

Clintonite phyllite. . . . 

“ 

90 


1 very l 



Injection gneiss .... 

“ 

12-25 


< weak }• 

J. Koenigsberger 


Various gneisses . . . 

BelHnzona 

10-260 


1 fields I 

i 


Serpentine 

Gotthardgebiet 

3 600-6 000 





“ 

Urals 

550 

110.3 

A. Turoev 


“ 

** 

14 too 

30.5 

J. Baburin 

Metamorphosed 






volcanics 
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Table VII. Magnetic Susceptibilitiea of 
Minerals. According to 
N H Steam (32) 



5 X 106 

Ferromagnetic 


Iron (Fe) 

80 000 

Magnetite (Fe804) 

32 122 

Paramagnetic 


Hematite (crystals) (Fe203) 

426 00 

Manganosite (MnO) 

349 44 

Hausmanmte (MnjOi) 

318 07 

Alabandite (MnS) 

177 28 

Pyrolusite (Mn02) 

131 22 

Pyrite (Fe^ 

120 00 

Hematite (amorphous) (Fc^Oj) 

107 12 

Melanterite (heb04 7H2O) 

80 00 

Bieberite (C0SO4 7H2O) 

68 00 

Limonite (2Fe203 3H2()) 

57 00 

Platinum (Pt) 

26 00 

Morenosite (N1SO4 7H2()) 

18 00 

Chalranthite (CUSO4 5U2O) 

14 30 

Cuprite (CU2O) 

4 38 

Rutile (T1O2) 

0 28 

Rrookite (T1O2) 

0 262 

Octahedrite (li02) 

0 257 

\ir 

0 024 

Diamagnetic 

S X 106 

Fipsomitc (MgS04 7112^1) 

0 63 

boda-niter (NaNOa) 

0 70 

Water (HjO) 

0 72 

Niter (KNOs) 

0 72 

Covellitc (CuS) 

0 74 

Calcite (CaCOj) 

0 75 

Chalcooite (CU2S) 

0 78 

Copper (Cu) 

0 80 

Halite (NaCl) 

0 82 

bulphur (b) 

0 85 

S issolite (HsBOj) 

0 89 

Syhite (KCl) 

0 91 

Kalinite ( Vl2K2[S04]4 241120) 

1 00 

Caleite (CaCOs) 

} 00 

Berzelianite (Cu^Sc) 

1 01 

\nhydrite (CaS04) 

1 12 

V'llhaumite (NaF) 

1 12 

Quartz (bi()2) 

1 20 

Lead (Pb) 

1 30 

Cotunite (PbCl2) 

I 31 

Silver (Ag) 

1 50 

Bromyrite (AgBr) 

1 53 

Cerargvnte (AgCl) 

1 55 

lodynte (Agl) 

1 66 

Arsemc (As) 

1 70 

Diamond (C) 

1 80 

Zinute (ZnO) 

1 85 

Fluonte (CaFa) 

2 00 

Graphite (C) 

8 00 

Bismuth (Bi) 

14 00 


Table VIII. Magnetic Susceptibilities of 
the Elements. According to 
N H Steam (32) 



5 X 10« 

Paramagnetic 


Praseodymium 

163 17 

Erbium 

130 36 

Cenura 

106 06 

Manganese 

80 00 

Palladium 

66 00 

Uranium 

60 96 

Platinum 

26 00 

Chromium 

26 00 

Vanadium 

13 20 

Rliodium 

13 00 

Ruthenium 

11 01 

Niobium 

10 80 

Tantalum 

9 40 

Barium 

6 90 

Titanium 

6 65 

Molybdenum 

5 13 

Indium 

4 90 

Tungsten 

4 76 

Aluminium 

1 80 

Calcium 

1 67 

Magnesium 

1 44 

Osmium 

1 35 

Thonum | 

0 89 

Strontium 

0 86 

Potassium , 

0 52 

Sodium 

0 50 

Zircomum 

0 39 

lin 

0 35 

Lithium 

0 23 

Ox>gen (O2) 

0 U6 

Rubidium 

0 126 

Hydrogen (Ha) 

0 008 

Nitrogen (Na) 

0 001 

Diamagnetic 

S’ X 10« 

Helium 

0 002 

Chlorine 

0 007 

Argon 

0 01 

Caesium 

0 188 

Sihcon 

0 29 

Indium 

0 57 

Germanium 

0 62 

Copper 

0 80 

Sulphur 

0 85 

Zinc 

1 00 

Lead 

1 12 

Bromine 

1 26 

Selemum 

1 30 

Gallium 

1 34 

\rsemc 

1 40 

Silver 

I 5 

Phosphorus 

1 60 

Boron 

1 66 

Iodine 

1 73 

Bervlhum 

1 87 

Tellunum 

2 10 

Mercury 

2 50 

1 hallium 

2 73 

Gold 

3 10 

\ntimony 

4 70 

Carbon 

8 00 

Bismuth 

14 00 

Cadmium 

15 23 
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Tabl« IX. Magnetite-Ilmeiiite Content of Igneous Rocks. 

According to N. H. Steam (32) 



Magnetite, 

% 

Ilmenite, % 

Combined, % 


Min 

Max 

Usual 

Min 

Max 

Usual 

Min 

Max 

Usual 

Quartz porphyries 

0 0 

1.4 

0.82 

0.0 

0.5 

0.3 

0 0 

1 6 

0 94 

Rhyolites 

0 2 

1.9 

1 00 

0.0 

0 8 

0.45 

0 2 

2.2 

1. 10 

Granites 

0.2 

\ 9 

0 90 

0.6 

0.8 

0 7 

0 2 

2.5 

1 15 

Trachyte-syenites 

0 0 

4 6 

2 04 

0.0 

1.2 

0.70 

0.2 

5 8 

2 74 

Eruptive nephelites. . . . 

0 0 

4 9 

1.51 

0.0 

3 7 

1.24 

0.0 

8.3 

2 75 

Abyssal nephelites. . . . 

0 0 

6.6 

2.71 

0.0 

2.0 

0 85 

0.0 

8 4 

3 56 

Pyroxenites 

0 9 

8 4 

3 51 

0 0 

1.5 

0 40 

2. 1 

8 4 

3.91 

Oabbros 

0.9 

3 9 

2 40 

0 0 

6 4 

1.76 

1.9 

8 7 

4 16 

Monzonite-latites 

1 4 

5 6 

3 58 

0 9 

2 6 

1 60 

2 3 

7.3 

5 18 

Leucite rocks 

0.0 

7 4 

3 27 

0 5 

4 1 

1 94 

0 5 

8 9 

5.21 

Dacites, quartz-diorites 

1 6 

8 0 

3 48 

0 0 

3 4 

1 94 

2 1 

11 4 

5 43 

Andesites 

2 6 

5 8 

4 50 

0 5 

1 8 

1.16 

4 1 

7 8 

5.66 

Diorites 

1.2 

7 4 

3 45 

1 1 

5 4 

2 44 

2 3 

9 7 

5 89 

Peridotites 

1.6 

7 2 

4 60 

0 0 

7 I 

1.31 

1 6 

13 1 

5 91 

Analcite rocks 

1 9 

9 0 

5 54 

0 0 

2 5 

1 05 

2 0 

10 8 

6 59 

Basalts 

1 2 3 

8 6 

4 76 

1.1 

3 1 

1 91 

3 4 

11 7 

6 67 

Diabases 

1 2.3 

6 3 

4 35 

1.2 

4 3 

2 70 

4 7 

8 8 

7 05 

Basaltic rocks * 

2.8 

7 0 

4 80 

0 0 

5 1 

2 80 

3.4 

12 1 

7 60 

Femic syenites 

Basic and titaniferous 

1 ^-2 

6.0 

5 24 

1 4 

3 7 

2 74 

6 5 

9 7 

7.98 

rocks . . . 

3 5 

49 9 

27 99 

1 1 

59 0 

35 11 

25 11 

75 3 

53 10 


* Leucite, nephelite, or melilite basalts. 


Table X. Magnetite and Ilmenite Content of Average Rock Types. 

According to N. H. Steam (32) 


Rock 

Magne- 
tite, % 

Ilmenite, 

% 

Com- 
bined, % 

Aver granite 

1 72 

0 31 

2 03 

Aver basalt. . . . 

5 80 

0 73 

6.53 

Aver igneous rock (65% 
granite; 35% basalt) . . 

3 15 

1 45 

4 60 

Aver sandstone 

0 58 

0 25 

0 83 

Aver sedimentary rock (82% 
shale; 1 2% sandstone; 6% 
limestone) 

0 07 

0 02 

0 09 

Aver rock (95% igneous; 5% 
sedimentary) 

2 95 

0 001 

2 951 


Resistivity of rocks forms the basis for almost all elec prospecting methods. The 
degree of resistivity measured in the field differs materially from that measured on labora- 
tory specimens, due to changes in moisture content or salinities of solutions impregnating 
the rocks, and to variations in constitution of rocks from different areas or geol formations. 
Differences in resistivity of rocks or members of formations in a specific locality are much 
more important than the resistivities per se. The mode of occurience of rocks is of great 
importance; for example, magnetite has a very low elec resistivity, but if each crystal 
is imbedded separately in quartz, the resistivity will be controlled entirely by the quartz, 
which has a very high resistivity. In other districts, rocks containing magnetite may bo 
undergoing alteration, and therefore should have extremely low resistivity. Very small 
amounts of solutions carrying salts will often noticeably modify the resistivity of rocks. 
In general, non-porous igneous rocks have higher resistivity than sedimentaries; of the 
latter, especially limestones, older beds have higher resistivities than the younger. 
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Table XI. Electrical Resistivity of Rock Types. After H. Reich (31) 




Place of 

No 

Resistivity, ohm-centimeters (a) I 



Type of rock 







Authority 


investigation 

tests 

Usual 

Mm 

Max 


I. Igneous and Metamor- 









phic Rocks 










Washmgton 

Michigan 


>500 000 




W. J. Rooney 

Traprock . 

12 

236 000 

185 000 

390 000 


Traprock, parallel to 
contact .... 
Traprock, perpendic- 


u 

8 

214 000 

185000 

250 000 

Differ- 


ular to contact 


u 

2 

279 000 



ent 


Greenstone . . 


M 

8 

113 000 

85 000 

133 (kio 

speci- 


Greenstone . 


U 

9 

159 000 

125 000 

210 000 

mens 

■ W. J. Rooney 

Greenstone ... . . 


M 

2 

310 000 

306 000 

314000 

of the 

Traprock . ... 


<« 

4 

141000 

109 300 

174 000 

same 


Traprock 


«« 

11 

89 000 

43 700 

148000 

rocks 


Amygdaloid . . . 


4< 

4 

90 900 

59 000 

128000 



Amygdaloid 


«« 

4 

45 300 

39 200 

50 600 

Salty 
' ground 
. water 


Amygdaloid 

Traprock 



4 

2 

16100 

27 200 

11900 

21 050 

19 830 

33 300 

1 W. J. Rooney 

Porous portion of a 
traprock flow 

Dense portion of a 


•• 

5 

22 500 

18 350 

25 700 


W. J. Rooney 

traprock flow 


“ 

5 

55 500 

43 100 

49 450 



Granite porphyry 

New Mexico 


about 1 000 000 




K Sundberg, 

Pre-cambnan crystal- 








Irving, Crosby 

line rocks 

Northern U S 


300 000-400 000 




and Leonardon 

Crystalline basement 









rocks 

Sweden 


300 000-600 000 



In damp 
pit 


Quarts porphyry 

Germany 


40 000 



J. Koenigsberger 

II. Sedimentary Hocks 








A. (’onsolidated 









Great conglomerate 

Michigan 

7 

109 200 

103 400 

117000 


W. J. Rooney 

Western sandstone 


“ 

10 

25 650 

17900 

41 400 








(deeper 

(higher 








layers) 

layers) 





** 

14 

9 830 

8 830 

II 780 


** 

Eastern sandstone 


“ 

13 

4 300 

3 500 

7 750 


** 







(greater 

depths) 



Nonesuch argillite 



9 

15 700 

12 300 

18 100 



I imcstone 

Denjiie Jurassic lirne- 


^liain 


12000 





stone 

Switzerland 


250000-350000 




J Koenigsberger 

Marly Jurassic lime- 









stone 


“ 


140000 




“ 

Ferruginous sand- 
stone 

Carlx>naceous sand- 


•• 


400 000 





stone 

! Ixiwer Silesia 


25 000-51000 




** 

Shale 


II II 


77 000 





(^annel coal 


II II 


15000-60 000 




“ 

RtK’k salt, pure 


Lower Rhine ( 


IOS-107 




*' 

Rock salt, impure 

B Unconsolidated 


area 1 


3X10S-5XI05 





Humus soil 

Switzerland 

2 

It 000 

4 000 

18 000 


“ 

Glacial deposits 
Clayey soil 

Sandy sod 

Northern USA 


18 000-50 000 
I0 00(M0000 
110 000-180 000 




1 Irving, Crosby 

1 andl^nardon 

Dry sand 


Western 

Australia 



2.5X106 

4X106 


W. J. Rooney 

Damp sand 




1X106 

ixio« 


“ 

Clay, rich m Mg salts 




100 

250 


“ 

Damp loam 

Spain 



500 

5 000 


** 

Broken rock 


** 



75000 

500 000 


4t 

Glacial deposits 


l^orthern USA 



825 

3% 000 


** 


(a) Resistance! in ohms, of a cube 1 cm square. 
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Table XII. Resistivities of Rock Samples (Laboratory Tests). After H. Reich (31) 


Type of 
rock 

No 

of 

sam- 

ples 

Resistivities, ohm-centimeters 

Authority 

Dry 

Damp 

Usual 

value 

Limiting 

values 

Usual 

value 

Limiting 

values 

Diabase. . 

1 

3X108 


2X104 


f 

K. Sundberg, 

Dolomite. . . 

2 

over 5X 10« 


4.6X108 

3.7X10&-5.5X105- 


H. Lundberg, 
and J. Eklund 

Granite .... 

4 

I.IXIO? 

8X108>1 7X107 

3 6X104 

7X103- 7X1081 



Porphyry. . . 

4 

7X108 

IXIO^ 16X108 

5 5X107 

2X108- 2X108 



Porphyrite.. 

8 

7.6X107 

2 8X108-3.2X108 

3.8X108 

2 2X104- 3X 107 


According to 

Sandstone. . 

8 

7.7X107 

5X108- 2X108 

65X108 

3 5X104-3 5X108 


D. Murashov 

Clay shale. 

2 

1.4X108 

1X108-1 7X108 

9X108 

1X108-1.7X108 


E. Berengarten 

Limestone 

5 

1.3X1010 

8X 107-3 5XI01O 

4.2X107 

1 4X108- 1X108 


A. Etcheistova 

Hornfels 

6 

3 9X1010 

! 4X107- 2X1011 

1.1X108 

2 6X108- 6X107 


L. Kudiakova 

Chlorite-ser- 








icite schist 

6 

3X 100 

9 7X 108-1 2X1010 

9 8X108 

5X108-2 8X 107 




Table XIII. Resistivities of Ores. After H. Reich (31) 


I' 


1 Resistivity, ohm-centinieters 


Samples 

No 




Remarks 



Usual 

Min 

Max 



(o) According to Murashov, Berengarten, Etcheistova and Kudiakova 


Ores (sulfides) with over 50% 
of high-conductivity ores 

I 

128 

6 

1 700 

A 90% pyrrhotite- pyrite 
ore has been reported as 
high as 10 000 ohm-crn. 

Ores (sulfides) with 20-50% of 
high-conductivity ores 

26 

3 425 

* 

20 000 

A 40Vi, lead ore reported 
as high as 7X 10* ohm- 

Ores (sulfides) with 5-20% of 
high-conductivity ores 

14 

85 520 

8 

520 000 

A quartz with 10% py- 
rite reported as high as 
4 7X 107 ohm-cm. 

Rocks with less than 5% of 
high-conductivity ores 

11 

30 000X105 

8X108 

190 000X108 


(b) According to K. Sundberg, II Lundberg, and J. Eklund 

Pyrite ore 

Lead-zinc ore 

8 

1 

1 613 

0 1 

0 1 

Parallel 

to 

10 500 

36 000 

Perpendicular 

selvage 


Polybasite ore 

1 


0 1 

400 


Graphitic shale 

3 1 

i20 

0 5 

350 


Shale with pyrrhotite 

Limestone with cbalcopyrite. . 
Sericite with pyrite 

2 

1 

1 

30 

16X108 

35X108 

6 

53 



Table XIV. Resistivities of 
Sodium Chloride Solutions. 
According to H. Reich (31) 


NaCl content, 
% 

Resistivities, 
oh m-centimeters 

1 

57.0 

5 

14.9 

10 

8.25 

15 

6.08 

20 

5.11 

25 

4.68 

26 

4.65 


Seismic properties. The application of seismic 
waves for determining geological horizons and struc- 
tures utilizes primarily the longit wave, the speed of 
which varies in different rocks. In general, the heaviest, 
most crystalline rocks give the highest speeds. (V 
mented sedimentary rocks are next in order, followed 
by broken or shattered sediraentaries, talus and land- 
slide material, and unconsolidated sedimentary depos- 
its. Speed of propagation is mea.sured: (a) in the lalj- 
oratory, by determining the density and moduli of elas- 
ticity on rock samples; (6) in the field, from the forma- 
tions in place , the second is preferable. Tables X V-XIX 
give the longit wave speeds and the elastic moduli. 
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Table XV. Modtilua of Elasticity and Speed of Transmission of Longitudinal Waves 
in Rocks. After H. Reich (31) 


Type of rock 

Num- 
ber of 
tests 

E X 10-11, 
egs units 
(a) 

F, meters 
per sec 
(a) 

Authority 

Remarks 

(6) 

I. Igneous rocks 

A. Plutonic rocks 






Granite 

16 

3 47 

4 000 

Kusakabe 

K 

“ 

6 

3.71 

4 100 

Bauschinger 

L 

“ 

7 

5 05 

4 800 

Adams and Coker 
“ “ Williamson 

L 

“ 

3 

6.6 

5 600 

HC 

3 samples of the same. . 


7.5 

6 000 

< 4 4 4 4 * 

VC 

Nepheline Syenite . . . 


6.29 

5 300 

Adams and Coker 

L 

Essexite 


6 71 

5 400 

“ “ “ 

L 

Anorthosite 


8.25 

5 900 

1 4 4 4 4 4 

L 

Gabbro 


6 61 

5 300 

Kusakabe 

K 

“ 


10 8 

6 900 

Adams and Coker 

L 

' ‘ 


10 2 

6 700 

“ “ Williamson 

HC 

* * 


12 0 

7 300 

VC 

Peridotite 


5 94 

4 900 

Kusakabe 

K 

Pyroxenite 


8 27 

5 500 

* * 

K 

Dunite 


16 4 

7 900 

Adams and Gibson 

HC 

‘ ‘ 


17.5 

8 400 

VC 

B. Volcanic and hypabyssal 
rocks 






Rhyolite 

5 

2 0 

3 100 

Kusakabe 

K 

Andesite 

10 

3 2 

3 900 

* ‘ 

K 

Diabase 


9 5 

6 400 

Adams and Gibson 

L 

* * (same sample) , 


10 1 

6 700 

“ * * Wiliiamson 

HC 


11.4 

7 100 


VC 

1 1 (diff^nt sample) 


7.64 

5 800 


HC 


10 1 

6 900 


VC 

Basalt 


10.15 

6 400 

0. Graf 

LC 

‘ ‘ (different sample) 


5.68 

4 900 

Adams and Williamson 

HC 


8. 12 

5 900 

4 1 4 * 4 < 

VC 

Obsidian 


4.82 

4 900 

“ • * “ 

HVC 

Pitchstone 


5.54 

5 300 

P. W. Bridgman 

HVC 

Basalt gloss 

*2 

8 90 

6 400 

HVC 

1 

9 52 

6 500 

Adams and Gibson 

HVC 

II. Metamorphio rocks 






Mica schist 

3 I 

2.85 

3 700 

Kusakabe 

K 

CtDCISS . . . . . 


4 50 

4 700 

• • 

K 

Graphite schist 

*3 

4 76 

4 800 

* * 

K 

Marble 

5 

6 12 

5 300 

Adams and Coker 

L 

Quarts schist 

3 

6 65 

5 5oe 

Kusakabe 

K 

Chlorite schist 

8 

7 00 

5 400 

• ‘ 

K 

Quartsite 


7 34 

5 800 

0. Graf 

L 

Graywacke 


7 6 

5 900 

Bauschinger 

L 

Marble .. . 

1 

9 9 

6 600 

Adams and Williamson 

HV 

Ill Sedimentary rocks 


0 8 




Glauconitic sandstone 

3 

2 100 

Bauschinger 

L 

Hunter sandstone 


1.02 

2 300 

O. Graf 

L 

8 

1,67 

3 000 

Bauschinger 

L 

Ohio sandstone 


1 58 

3 000 

Adams and Cok^ 

L 

Sandstone 

12 

I 40 

2 600 

Kusakabe 

K 

Tuffaceous sandstone 

6 

1 88 

3 200 

K 

Soft clay shale 

17 

4 69 

4 800 

* ' 

K 

Sandy shale ... .... 


6 09 

5 300 

• ' 

K 

Dense shale. ... 

io 

6 39 

5 300 

** 

K 

Chalk . .... 


0 795 

2 160 

Maurin and Eble 

L 

Chalky limestone 

3 

1 93 

3 560 

£. Marcotte 

L 

Fine grained limestone . 

8 

4 32 

4 680 

L 

Crystalline Hnestone 

4 

6 5 

5 500 

* • 

L 

Dense limestone and marble . 

12 

5 8 

5 100 

Kusakabe 

K 

Jurassic limestone 

' ‘ dolomite 

2 

3 93 

4 600 

Bauschinger 

L 


5 34 

4 900 

L 

Leitha limestone 


5 02 

4 900 

• * 

L 

Nummulite limestone 


6 05 

5 200 

* ‘ 

L 

Shell limestone 


5 8 

5 300 

•* 

L 

“ “ 


7 25 

5 800 

0. Graf 

L 

Clymenia limestone. . 


8 15 

6 000 

Bauschinger 

L 


(а) AvftT value for a number of obnervations. 

(б) B determined aa followa: H, or K « by press experiments* in which: L *■ at low press 

(about 1 000 moKabars^ II » at high press (about 2 000 megabars) ; T » at very high press (aoout 
10 000 megabars); HV - press varying between 2 000 and 10 000 megabars. C ■ by corn- 
pressibihty tests. K • kinetioally. 
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Table XVI. Speed of Propagation, V, of Longitudinal Waves in Rocks 

After H. Reich (31) 


Type of rock 

V, meters per sec 

Authority 

I. Consolidated rocks 



Igneous rocks; metamorphic rocks; massive un- 

] 


stratified rocks; limestone; dolomite; gypsum, 
anhydrite; rocksalt 

> 5 000-5 600 

H. Salfeld 

Cambrian (Villanueva de las Minas) 

Salt dome cap rocks .... 

4 800 

] , 

J. G. Sineriz 

Fr. Rieber 

M. Hannemann 

Texas salt dome rocks (anhydrite, gypsum, lime- 
stone, rock salt) 

> 4 500 to 5 500 1 

Shell limestone (Rudersdorf) 

4 300 

W. Schweydar and H Reich 

Gypsum beds (Sperenberg) ... .... 

3 500? 

W. Schweydar and H. Reich 

Zechstein beds (salt, anhydrite) Juterbog 

4 500 

G. Angenheister 

Carboniferous coal measures (Dobrilugk) . 
Carboniferous coal measures (Villanueva de las 

3 800 

H. Reich 

Minas) 

3 400 

J G. Sineriz 

Calcareous marl, calcareous sandstone, elates 

3 200-3 800 

H. Salfeld 

Siliceous sandstone, slightly calcareous sandstone 

2 200-2 400 

H. Salfeld 

Middle Bunter sandstone (Jena) 

2 000-2 800 
aver 2 500 

O Meisser and H. Martin 

Chalk (Germany) 

2 380 

H Reich 

Chalk (France) 

II. Unconsolidated rocks 

2 140 

Ch Maurin and L. Elbe 

Coastal plain formations (Texas) 

Septaria clay and middle Bunter sandstone (?) 

j I 800-2 100 

Fr. Rieber 

(Juterbog) ... . . 

1 900 

G Angenheister 

Miocene (Villanueva de las Minas) . 

1 950 

J G Sinenz 

. Clay, clay sandstone, slightly calcereous marl . 

about 1 800 

H. Salfeld 

Tertiary and clayey Quaternary (Germany) . . . 

1 630-1 800 

H Reich 

Damp Quaternary sand (Sperenberg) .. 

855-1 on 

11 Reich and W. Schweydar 

Broken rock, gravel, sand, loess 

600-800 

H Salfeld 

Same materials, very wet. 

1 200 

H Salfeld 

Alluvium (Villanueva de las Minas) 

600 

J G Sinenz 


Table XVIL Longitudinal Wave Speeds in Other Media. After H, Reich (31) 


Material 

V, met per sec 

Authority 

Material 

V, met per sec 

Authority 

Air 

330.0-0 66<(a) 


Salt solution 10% 

1 470 ] 


Fresh water 

I 435 

Colladon 

“ 15% 

1 530 [ 

Dorsing 



Sturm 

•• 20% 

1 650 1 


Glacial ice, neve . 

3 140 i 

H. Mothes 

Sea water 

1 480-1 490 

W Speiser 

“ “ flowing 

3 570-3 600 ' 


Petroleum 

1 326-1 395 

Martini 


(a) In the formula for V in air, t is the temp m deg C. 


Table XVIII. Compressibility and Longi- 
tudinal Wave Speeds in Minerals. After 
H. Reich (31) 


Mineral 

Compressibility, 
cgs X 1012 

Speed of longit 
waves, meters 
per sec 

Sylvite. . . 

5 62 

3 900 

Rock salt 

4 13 

4 400 

Gypsum 

2 49 

5 450 

Anhydrite 

1 83 

5 650 


Table XIX. Poisson’s Ratios. After 

H Reich (31) 


Type of rock 

Limiting 
values, or 

Various marbles 

Various granites 

Other Igneous rooks . . 

Ohio sandstone 

0 25-0 28 
0.20-0 26 

0 22-0 28 

0 26 


Porosity depends on the origin of the rock, and its subsequent modification by tec- 
tonic, chemical, and physical processes; it is a factor often modifying other physical 
properties of rocks. Bureau of Standards has compiled porosity data on building stones, 
notably marble, sandstone, and slate (see publications by D. W. Kessler). 
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Table XX. Porosity of Rocks. After H. Reich (31) 


Type of rock 

Num- 
ber of 
samples 

Porosity, per cent of volume 

Authority 

Usual 

value 

Limiting 

values 

I. Igneous rocks 





Granite : 

9 

0.76 

0 23-1 75 

Gary 

Syenite 


0 5-0 6 

to 1 . 38 

I lof er-Ueimhalt 

Diorite 


0 25 


“ “ 

Gabbro 


0 6^0 7 


“ “ 

Porphyry 

5 

2 66 

0 38-6 73 

Gary 

Phonolite 

5 

1 65 

1 17-3 89 


Basalt 

8 

0 95 

0.07-2 30 

‘ ‘ 

Trachyte 

1 

9 0 


H of er-Heimhalt 

Pumice 

2 

63 9 


C Moore 

Amphibolite 

1 

0 90 


‘ ‘ 

II. Metamorphio rocks 





Serpentine 

1 

0 56 


Ilofer-Heimhalt 

Marble 

4 

0 3 

0 II-O 59 

“ “ 

Argillite. . . 

8 

2 69 

to 10 0 

C Moore 

Slate . . 

59 

3 8 

1 16-10 28 

Jlirschwald 

Graywacke schist 

II 

3 6 

1 28-7 74 

‘ ‘ 

Graywacke 

2 

2 3 

0 41-4 2 

Gary 

Quartzite 

1 

1 91 


C Moore 

in. Sedimentary rocks 





A. Consolidated 





Carboniferous sandstone 

9 

3 61 

1 09-7 09 

Hirscbwald 

Devonian sandstone 

11 

4 4 

1 36-12 98 


Crystalline limestone 

3 

4 54 

3 07-6 9 

Gary 

Bunter sandstone 

30 

17 7 

7 7-27 72 

Hirscbwald 

Lower Cretaceous sandstone 

17 

18 4 

8 81-23 26 

* ‘ 

Vanous sandstones. 

17 

18 1 

6 85-27 3 

Gary 

OSlitic limestone 


13 6-16 93 


H of er-Heimhalt 

Calcareous tufa 


20 2-32 2 


“ “ 

Chalk 


14 4-43 9 


* ‘ “ 

Limestone 

3 

28 78 

to 42 8 

C. Moore 

Jurassic odlite 

5 

14 58 


‘ ‘ 

Shell limestone 

9 

n 6 

0 8-27 6 

Hirschwald 

Jurassic limestone. 

3 

28 0 

24-34 

• ‘ 

Calcareous tufa 

2 

24 9 

24.1-25 7 

** 

B. Uneonsoliduted matonals 





Uniform spheres in cubic ar- 





rangement 


47 6 


Theoretical values accord- 

Uniform spheres in tetrahe- 




ing to various authors 

dral arrangement 


26 2 



Oil sands 

84 

17 5 

3 4-37 7 

Meinzer, Melcher 

Sand of variable gram size 

several 

35 0 

26-47 

King 

Sand of uniform gram size 

• • 

38 0 

35-40 

“ “ 

Clay 

several 

45 0 

44-47 

“ 

Vanous soils 


55 0 

45-65 

“ US Dept of Agri- 





culture 

Dune sand 


24 0 


Hof er-Heimhalt 

Sand and gravel 


36-42 0 


• • “ 

Loess 


41-46 0 


• 1 •« 

Clay 


31-34 0 

around 45-5( 

1 

Clay. . 


44-50 0 


it *6 

Marl 


47 5 


t < « • 

Turf . .... 


81 0 

to 85 2 

it «• 

Infusorial earth 


91 6 


• € at 

Bubble marl 


40 1 

35-51 

Pfeiffer. Dienemann 


Other physical properties of rocks, which have not yet been carefully measured and tabulated, 
include their heat capac and thermal conductivity. Thermal conductivities of certain rooks and 
minerals are giieii in Table XXI. These values represent heat transferred (calories) through an 
area of I square cm and thickness of 1 cm in 1 sec, for a temp difference of 1® C. Dielectric prop- 
erties of rocks have been proposed as a basis for prospecting by the use of radio waves. The con- 
stants usually range from about I to 7, when mea.sured with d o or low*frequenoy a c; according to 
Dostovalow, the dielectric constant is much greater when measured at radio frequencies of 300 000 
cyt'los (Table XXII); also the resistivities at high frequencies differ from those at low. Since the 
constant of quarts is usually greater than that of country rock, the possibility of employing these 
1—33 
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methods on quarts veins is obvious; but, since the constant of water is 80, presence of moisture 
would overshadow Buch observations, rendering interpretation difficult. Since electromagnetic 
waves involve 3 systems of constants (electrostatic, electromagnetic, and Heavislde-Lorents values) t 
conversions for these factors are given in Table XXIII. 


Table XXL Thermal Conductivities of Rocks and Minerals (31, 33) 


Rock or 
mineral 

Heat 

conductivity 
(See text) 

Rock or 
mineral 

Heat 

conductivity 
(See text) 

Rock or 
mineral 

Heat 

conductivity 
(See text) 

Granite 

0.0058 

Feldspar 

0 006 

Coal 

0 0007-.0012 

Gneiss 

0 0051 

Mica. . 

0 0009 

Clays 

0 0025 

Quartz 

0 01- 03 

Limestone . 

0 0036-.0055 

Slates 

0.003>- 0056 

Rock salt 

0 0128 

Alarble. . . . 

0 0053- 0064 

Water 

0.0014 

Graphite 

Magnetite 1 

0 01- 03 

0 01- 03 

Chalk. . 
Sandstones . 

0 0022 

0 0025- 0067 

Air 

0 000057 


Table XXII. Dielectric Constants and Resistivity at 300 Kilocycles 

After B. N. Dostovalow (34) 



«, dielectric constant 

p, resistivity, ohm-rm 

IGNEOUS BOCKS 



Plutonic: 



Granite 

10.2-18.9 

460 X 10*-50.3 X 108 

Granitite 

14.9 

82 5 X 103 

Granite-porphyry 

27.1 

17 3 X 103 

Astrophylite nepheUne syenite 

6 93 

2 34 X 10« 

Micaceous nepheUne syenite 

8 47 

1 51 X I0« 

Small-grained nepheline syenite 

9 55 

0 514 X I0« 

Coarse grained nepheline syemte .... 

11 7 


Miascite 

9 97 

1 40 X 10« 

Marmpolite . . . 

12 1 

0.213 X 10« 

Hornblende-foyaite 

7 45 

2 07 X 10« 

Foyaite 

8 32 

0 262 X I0« 

Feldspar-urtite 

11 9 

1 37 X 10« 

Urtite containing sphene 

12 8 

0.508 X 10« 

Essexite 

9 2 


Khibinite 

10 43 


Tawite 

14 8 

0.717 X 10« 

Gabbro, southern Urals 

12 8 

1.44 X 10« 

Gabbro, soUd 

16 7 

0 732 X I0« 

Gabbro, fine grained 

60 8 

1 86 X 10* 

Gabbro, medium grained ... 

28 2 

42 6 X 103 

Gabbro, coarse grained 

42 1 

23 7 X 103 

Norite 

61.4 

6 03 X 103 

Proterobase 

13 7 

279 X 103 

j?ypa6i/«sal and Volcanic: 



Quartz-keratophyre 

15 0 


.Mbite diabase 

18 1 

150 X 103 

Quartz diabase 

34 5 

31 3 X 103 

Quartz porphyry 

14 2-49 3 

101 X 103-21 6 X 103 

Liparite 

12 5 

57 9 X 10* 

Obsidian 

5 8-10.4 

8.92 X 103-1.23 X 10« 

Pitchstone 

18.7 

113 X 10* 

Dacite 

8 16 

0 682 X I0« 

liparite-dacite ^ 

7 68 

4 6 X 10« 

Porous andesite basalt 

6 53 

0.437 X 10« 

Andesite basalt 

7.57 

1.38 X 10* 

Traprock 

18.9-39.8 

2.46 X 103-54 X 10* 

Tuff 

3.79 

1.69 X 10« 

MKTAMOBPSIC BOCKS 



Quartxite 

6 63 

0.178X too 

Sandstone i 

36.9 


Marble 

15 2 

0.173 X io« 
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Table XXIII. Conversion Factors for Electromagnetic Units (15) 



Eleo units 

e 8 u 

emu 

H-Lu 

Charge 

1 coulomb 

3 X 109 

10-1 

6\/^ X 109 

Current 

t ampere 

3 X 109 

10-1 

X 109 

Potential 

1 volt 

1 

300 

108 

I 

600 

Capacity 

1 farad 

9 X 1011 

io-« 

367r X lOU 

Resistivity 

1 ohm-centimeter 

1 

9 X 1011 

109 

1 

36x X lOii 

Self-inductance 

1 henry 

9 X 1011 

109 

1 

36ir X I OB 

Magnetic intensity 

1 gauss 



I 



3 X lOio 

• 


Dielectric constant 

1 practical unit 

1 

1 

1 

Permeability 

I practical unit 

1 

1 

1 


e 8 u = electrostatic units, e m u » electromagnetic units H — L u *= Heaviside-Lorentz units. 


Radioactive rocks contain radium and thorium, and emit radon, a gas which diffuses 
in the ground but can be detected, even when extremely diluted, owing to its radioactive 
power. According to Petraschak and Krusch, the amounts of radioactive elements per 
gram of rock for various lock types are as in Table XXIV. 


Table XXIV. Radioactive Contents of Typical Rocks 


Acid rocks 




Volcanic origin . 

3 1 X 

1 0 gram 

radium 

Plutonic origin 
Intermfxliary rocks. 

2.7 X 

I0-* ** 


"N olcanic origin | 

2 1 X 
3.5 X 

10-12 “ 
10-8 

radium and 
thorium 

Plutonic ongin 

Basic rocks. 

1.9 X 

,0-ia •• 

radium 

Volcanic origin 1 

1.1 X 
: 1 7 X 

10 -12 gram 
10-5 “ 

radium and 
thorium 

Plutonic origin 
Sedimentary rocks. 

1 9 X 

10-2 “ 

radium 

Clay j 

[ 1 5 X 

10-12 gram 

ratlium and 

[ 1 3 X 

10-5 “ 

thorium 

Sandstone | 

[ 1.4 X 

10-12 “ 

radium and 


1 0 5 X 

10-5 

thorium 

Limestone and dolomite | 

1 0 9 X 

10-12 «• 

radium and 

i 0 1 X 

10-5 

thorium 
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UNDERGROUND TRANSPORT 


1. GENERAL CONSIDERATIONS 


Underground transport of mineral, waste and supplies is a vital function in mine 
operation. Reports from 41 metal mines using various standard mining methods (1) show 
that underground transport costs averaged 37.44ff, or 17.22% of total underground cost, 
varying from 11.35fi to 59.9ff per ton hoisted, or 12.77% to 26.30% of total, depending on 
mining methods (Art 20 and correspondence). In many mines, if first cost and main- 
tenance of workings used primarily for transport were so charged, the total cost of trans- 
port would be shown to exceed all other mining costs. 

Centralization. If the output can be brought to one level or gangway, transport may 
sometimes be so concentrated that hand tramming can profitably be replaced by animal 
haulage, or the latter by mechanical haulage. Even in shaft mines, where, due to shape 
of deposit or distribution of workings, the output of several levels is lowered to one main 
haulageway, the increased cost of hoisting may be more than offset by the saving from a 
centralized haulage system. 

Transport method is decided by comparing the total capital and operating costs of 
systems considered. If these involve changes in mine development, it is necessary to 
determine what saving in development and maintenance costs may result from adopting 
a centralized system, which reduces the number, length or size of sub-levels, eiosscuts, 
shaft stations and trackage otherwise required. Such sa\ing must be balanced against 
cost of installing and maintaining the proposed haulage system. 

General formulas. Let D = useful duty per shift, mineral-ton-miles; G = gross duty 
per shift, ton-miles; d = distance mineral is to be moved, ft, a - aver speed when 
moving, ft per min; t = time loading and discharging per tiip, min; T = mineral liandled 
per trip, tons; T' « taro per trip, tons; C == time of 1 complete cycle, nun; m = actual 
working time per shift, min. 


D 


m 



X 


dT 
5 280 


mdT 
5 280 C ’ 


and G 


D + 


tn 2 dT' 
5^80 C/ 


md (T -f- 2 T') 
5 280 C 


Useful duty D vanes directly with distance, speed and wt of mineral per trip, and 
inversely as the time required at terminals. If the gross duty limit has been reached, the 
useful duty will vary inversely as {T' X 2). These principles ap])ly to all kinds of trans- 
port, from shoveling to locomotive haulage. Despite the rule that cost per ton-mile, 
other things being equal, varies inversely as the unit load, undeigiuund conditions usually 
require small-scale equipment. But many large-tonnage installations exist m C()al, iron 
and copper mines, varying from the most primitive to standard ll R o(j[Uipnient. 


2. PRIMITIVE TRANSPORT METHODS (30) 

Packing. Mineral is earned in sacks, skins or baskets on backs or heads of men and women, in 
primitive countries, or occasionally in narrow, tortuous workings, or m emergency work. Unit 
load is usually 60 to 150 lb, but, in I.atm America and the Orient, peones and coolies carry more. 
Duty vanes widely, but approximates 12 to 14 inan-hr per ton-niile. Boxes or hand-barrow's, 
holding 200 to 700 lb, and earned by 2 or more men, are slightly more economic, but if thcie is 
room for such practice better methods are usually feasible. 

Shoveling (Sec 3). Transport by carrying or casting with shovels is proper only as a 
last resort. One man can move 1 ton 100 ft in about 2.5 hr, equivalent to 125 to 160 
man-hr per ton-mile. Long-handle, round-point No 2 shovels are standard for under- 
ground mucking; 1938 price, $12~$14 per doz. Mucking is a common tenn for under- 
ground shoveling. In stopes, with chutes 30 ft apart, the standard duty is commonly 20 
cars (17 to 20 tons) per shift, including sledging or blockholing lumps, and stowing filling. 
If chutes are advantageously placed, shovelers have time to assist miners, but if much 
sorting is done, their output may be greatly reduced. The sloping method greatly affects 
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coat of shoveling; good shoveling floors and slides are as important as chute I 7 >scmg. 
(For mucking in connection with tramming, see Art 10 ) 

Wheelbarrow transport (Sec 3), exclusive of loading, costs at least 1 man-shift per 
ton-mile, and is justified only in temporary work, or where first cost of track and equip- 
ment IS not warranted Short exploratory workings and small, irregular slopes, where 
the only alternative is shoveling, are the only proper fields for the barrow m mining work. 

Best mimng barrow has 3 cu ft capacity. No 14 to 16 B & S gage pressed steel tray, 
handles, frame, and wheel-guard of steel pipe, max height 21 in, wt 70 to 80 lb, price 
$70-$100 per doz, fob factory For surface work in very hot or cold climates, wood 
handles are preferable For thm seams a flat barrow without legs is used 

Examples. Burru, Mont For periods of 4 years in the larger mines, comparative costs of 
shoveling for different stopmg methods were square-set, 100, nil, 75, timbered rill, 86, back-fill 
stoping, 120 (40) United Verde, Anz All mucking m dnfts is now done by mechamcal loaders 
(Sec 27) In stopes, broken ore and waste are handled by scrapers Except for minor track clean- 
ing, no shovels are used (H M Lavender, 1038) North Butte, Mont (Linton) Classification 
of underground labor showed shovelers 26 8% and trammers 18 9%, as against 15 7% miners, 
indicating importance of shovel and transport labor Mascot, Tenn (42, p 67) 1923 contract 

shoveling, 23 per car of 1 7 ton, a\er duty over 6 mo, 16 8 ton per man Nation No 2 mine, Mo 
2 yr aver shoveling, company account, 15 46 ton per man-shift, contract, 22 23 ton Southeast 
Mo Aver for lead district, 1922 company account, 14-18 ton, contract, 19—22 ton. See Sec 10, 
for companson with mechanical loading 

3. MINE CARS (1 to 11) 

Standard design. The importance of the underground car justifies great care in design 
or selection If possible, a single design suited to local conditions should be adopted 
This cannot be done v^here hand-trammed, stope-filling or sub-le\el cars and larger mechan- 
ically hauled mam-Ievel or adit cars are all used, and m large mmes several designs and 
sizes are employed But, if a compromise design is feasible, standardization is advan- 
tageous in simplifying repairs and the stock of repair parts 

Car body is of wood, steel or composite construction Wooden cars are bulky, become very 
heavy in wet mines, are less durable, but more easily repaired than steel They are obsolescent m 
metal mining, and in collieries the numlier of composite and steel cars w rapidly increasing Com- 
posite cars usually have wood stringers for the truck, and wood hnmg The body is rigid, or is 
lunged on its truck for dumping in one direction, or has a king-pin or turn-table connection to truck 
to dump in any direction When conditions permit, the body should be centered over the wheel- 
base, to equalize wheel loads and avoid accidental head-on dumping Steel bodies are now gen- 
erally used 

Rigid-body, flat-bottom cars are simpler and ususJly lower than others of equal capac- 
ity Advantages ease of loading because of the low sides, simplicity, cheapness, and 



Fig 1 All-«teel, ** Low-van” Car 


high ratio of capacity to wt. Disadvantage they can be dumped only at tipples or on 
track dumps at fixed places Most colliery cars are of this type Fig 1 shows an all- 
steel, “ low- vein ” car (3) of 100-cu ft level capacity, with bottom below the axles and 
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no door; used with rotary dump at Lynch colliery; approx wt, 4 000 lb. Fig 2 is a 
standard car of Connellsville, Pa, district; wt, 2 200 lb, capacity 40 cu ft. Fig 3 is a 
wooden car used in sub-levels in the Mesabi iron range; simple, cheap and easily repaired. 
This sub-level car has been discontinued by Oliver Iron Mining Co in all but 2 underground 



mines; scrapers now used in handling ore from working faces to winzes, where it is dropped 
to a main-haulage level and trammed to shaft. There is very little sub-level haulage, duo 
to use of slusher hoists and scrapers (Sec 27). Fig 4 is a car 9 ft long, open at both ends. 
It has wooden or steel stringers, 2-m wood bottom with 0.5 in plate liner, outside journals, 

wt, 2 600 lb, capacity, 5 100 II). 
At stations of inclined shafts it is 
dumped by a cradle directly into 
skip. Fig 5 is an all-steel, 16-cu ft, 
rigid-body, sub-level car of a design 
largely supplanting Fig 4. It re- 
sembles the revolving car in out- 
line, but is about 6 in lower. 

Hinged-body car (Fig 6) dumps 
in one direction only. For easy 
handling by 1 man, its body should 

Fi« 5. AIlH.teel. Sub-level Car (Lake Shore Engine Work.) I*® 2-6. in forward 

* of load center line. 



Fig 7 (Mich copper mine) is open at both ends; capac, 40 cu ft. Side-dump car, Fig 8, is 
heavily reinforced, for taking 2-ft lump ore from chutes, at Anyox and Alaska Gastineau. V-bodt, 
supported on trunnions, may be single or double side-dumping (Fig 9). It is little used under- 
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ground, but for soft, fine ore, discharged at the side, it may be better than the revolving type. 
The V can be made high and narrow, or low and wide as required by gangway and chute clear- 
ances. It has no doors and can readily be made water tight. Fig 9a is a V-bottom, rolling side- 
dump car of 45 cu ft, used together with gable-bottom cars of 47 cu ft capao for main-level 
haulage by Oliver Iron Mining Co (1938). 

Revolving dump-car can dump in any direction, and hence is useful for metal mines. 
Body must be high enough for the bottom to clear the wheels when side dumping. To 
avoid danger of overturning, the car body should not exceed 4 ft long when handled by 
1 man. The car is theiefore rather high and short. Wheels are seldom over 12 in. 
Fig 10 is a typical Butte car ; wt, 905 lb, capac, 1 700 to 1 900 lb. Fig 11 is a 30 cu-ft 
car for both hand trainnimg and tram haulage. Scoop car (Fig 12) is usually of the 



revolving dump type. Like the V-body car, it is simplified by omitting the door, and can 
then lie made water-tight It is good for di.scharging into a chute, but may require a 
clearance below track level, and it is more liable to upset when side dumping. 

Hopper-bottom cars are unusual underground, but are good for transfer service, large 
unit loads and motor haulage. In the Sanford-Day cai, Ixittom doors are automatically 
successively released as they reach the storage bin, and are closed and latched by passmg 
over a knuckle on the exit side, the tram dumping without stop. 

Saddle-back cars, holding 1.5 to 5 tons, are common on mam levels in motor-haulage 
mines Discharging from both sides they keep tracks clean and fill pockets evenly. 
1 ig 13 IS a 0-ft cai of 2.75-toii capac, with IG-in wheels and pocket couplers, used by Oliver 




SsVctrBtart 

Fig 7. Open-end Dumping Car (Mich Copper District) 

Iron Mining (^o with the V-body car of .same capac (Fig 9a). Fig 14 shows end of a 
binular 4.">-cu ft car, at Miami, Ariz; it has an improved door latch. This is now (1938) 
replacoil by a car of similar design, of 86 cu ft cajiac. 

Special bodies are required for drinking water, toilet and man cars. Standard trucks with 
removable frames are best for drill steel, wedges and powder, and with side stakes for timber, 
drills and large supiilies. 

Steel cars continue to displace wooden and composite cars (Fig 2, 16), which, how- 
ever. will long be used, especially when they have anti-friction bearings. When new, 
rigidity of steel cars often causes derailments, if the l>earings are not self-alining and 
are without springs. Sizes of colliery cars: up to 120-cu ft level capacity and 14 ft long. 
Fig 15a is a Pittsburgh Coal Co all-steel car, for 40-in track, of 176 cu ft capac, 14-in 
wheels with Tyson roller-bearings and inside spring journals (L. E. Young, 19.3S). 
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Cam tbuoks. Wheels, axles, bearings and frame make over 0.5 the wt and 2/3 the cost of 
most mine cars. The frame may be the car bottom iteelf (Fig 1, 2), a pair of wooden 
stringers (Fig 3, 4), a built-up steel truck (Fig 5, 6, 9, 10, 12), or single rolled shape, 
usually a ehannei, forged into a U (Fig 11). The design in Fig 2 insures perfect alinement 
of axles, when a wooden car bottom carries journal boxes. On the other hand, cars at a Mich 
iron mine have the axle boxes carried flexibly by light diagonal straps, and it is claimed 
that one wheel will climb over a 3-in obstacle on the track without derailment. Double- 
truck, 8-wheel car may be used for large loads; it reduces the load per wheel for light 
rails, and can run on sharper curves than a car of same capac with rigid wheel base. 



Fig 8. Side-dump Car, 130 cu ft, Granby Mitxing Co, Any ox, B C 


Fig 17 is a 12-ton car. Large unit loads are economic, and the use of double-truck cars 
will increase (see E <& M J, Vol 95, p 276; 96, p 1170). W heel base. For the sharp 
curves of mine track the wheel base must be short; rarely more than the track gage. 
Exceptions: locomotives, because their drivers are of large diam, and cars for overhead 
rope haulage, since long wheel base tends to prevent derailments. For relation of wheel 
base to radius of outer rail on curves, see Track gage, Art 5. 

Fig 17o is an all-steel, 6-cu yd double-truck coal car; wt 5 300 lb, using dumpiixg 
cylinder (Fig 17b) which returns to at-rest position by gravity. Each pair of wheels 
(running on same rail) swivels about a king post for taking curves. Wheels have vert 
play on king post for uneven track. Fig 17c has gable-bottom for sticky lead-silver ore; 
wt 4 500 lb, 67 cu ft, with double truck, allowing minimum-radius track curve of 20 ft. 
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4. MINE CAR DETAILS (2, 5, 6, 7, 10, 11) 

Draw-bar, coupling, and bumper. When cars are to nin in trains, the frame or bixly 
must transmit and withstand both tractive and impact stresses. For light cars, separate 
draw-bars should be protected by bumpers, and be designed for 10 times the nominal loco- 
motive draw-bar pull, to allow for jerks, braking and abuse. Cars dumped on a rotary 
dumper should have swivel couplings, as the car can then be rotated in the dump without 
uncoupling from train (Art 9). Automatic couplings, due to their cost and difficulty of 
imcoupling, or bumping without coupling, are justified only for cars of over 6-ton capac. 



Capac, cu ft 

A 

B 

c 

D 

E 

F 

G 

II 

8, special 

45" 

21" 

18" 

21" 

12" 

21" 

6 U' 

36*" 

12, standard 

52 

24 

20 

24 

14 

28 


38 ft 

i 6 . 

56 

30 

21 

26 

15 

30 

iih 

39 A 

20 , 

60 

30 

24 

28 

16 

32 

1318 

42A 

24, special 

64 

32 

25 

30 

17 

34 

is {8 

43ft 


Fig 12. Scoop Car 


and should be of spring-bumper type. Fig \7d shows Allen and Garcia Go’s semi-auto- 
matic spring coupling, for 4-ton sUkjI cars; Fig 8 is also a semi-automatic typo. 

Small metal-mine care are sometimes coupled by chains and rings at the vertical edges of lM)dy 
(Fig 11). This rcquues 2 connections, but on curves the outer chains only nre in tension, curve 
friction is supposedly reduced, and couplings are more accessible. Cars of 2-ton capacity or over 
should have combined spring couplings and heavy C-I bumpers (Fig 9) 1 spring and 1 rigid 

coupling make a good combination for light cars, bumpers should be rounded to avoid interlocking 
on curves. Fig Oa and 15 show devices for safely uncoupling cars. 

Car wheels. Materials; C I, ca.st, pressed or manganese steel. Standard C-I 
wheels are of definite composition, annealed to give toughness, and with deep chill on 
flange and tread. The treads are too hard to be trued on a lathe. Hubs are 8<ift, easily 
worn, but readily machined and bushed. When scrapped they are salable to local foun- 
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dries. Cast-steel wheels are at least 30% lighter than C I ; are tougher, not breaking under 







Fig 13. Gable-bottom Car, 47 cu ft Capac (Oliver Iron Mining Co) 

impact (as iron wheels may), wear more rapidly on the tread, but are easily machined. 
In remote regions they are worth less per lb 

as scrap. Wheels of pressed-steel plate are il ^ ^ I 

tougher and lighter than cast steel, easily iTIT — 

machined, but can not be made in one piece "I 'o’"'''o*“"Vro"oT"o'“^'^o“‘*~o“iWg[r 

with self-oiling recesses. Some mines give o _ , [^ °\ ^ Q. _ _ jo 9^ 

satisfactory reports of them. Manganese- « 

steel wheels arc hard and tough, and outwear j 1^22] | 

any others of the same design. They cost « ^ J 

more, can not be machined with tool steel, | ^e'plate I 

and in many mining districts make unsalable | J 

scrap. Hard, smooth wheel tread gives lowest ^ A 

track friction. Deshjk. Diam, 8 to 20 in, «5 1 I 

tread, 2.5 to 3.75 in, coned l/ie to 3/jg in ^ H 

(M C B standard coning is 1 in 20). When ® ® 

treads become grooved, wheels should be \ ^ 

trued on a lathe or discarde<l , grooving causes vJisL-«__j — L_ — — l|i| il 

derailment on frogs and increases tractive | J I r 

resistance, especially on curves Flanges are , ^ ^ L 1 

from 7/g to I &'8 in deep. Wheel bearinus. Jl [ji-J 

Loohk wheels are lieUl on axle by cotters gaddle-baok Car, Rear Kiev (Miami 

or linch-pins (Fig 18a, 19c), by Ixilts or key Mine, Ariz) 

blocks engaging annular grooves in axle 

(Fig 18), or have outside pedestal Ixixes and inner axle collars (Fig 4). W’^ith finished 


k 3 6' wheel base — ^ 

13' ""overall length 


Fig 15 Colliery Car, Pittsburgh Coal Co, 1936. 
Width overall, 6 ft; height, 3 ft ST/g in, gage, 3 ft 3 1/2 in. 


collars, hubs should be counter-sunk to fit. Hub liore may be machined, or loft rough for 
babbitting, or reamed out for a soft steel, brass or bronze bushing (Fig 19). Tight wheels 
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may be keyed or bolted through grooves in the axle; but a close fit is better, wheel being 
forced on axle by hydraulic press. SEpr-oiLiNO wheels, of numerous designs, have hub 
caps, thus making an oil 


reservoir (Fig 18), or are 
cast with reservoirs in the 
hub; they have spokes or 
wheel disks with oil-feed 
holes to the journal and 
screw plugged or spring 
capped supply hole (Fig 10 
and 18a). For large mines, 
plain and bushed wheel 
bearings are becoming ob- 
solete, because of the higher 
efhc of roller and ball 
bearings. Kollsr-bkaring 
WHEELS are heavier and cost 
more, but so greatly reduce 
ti active resistance that they 
arc rapidly replacing the 
cruder types in both coal 
and metal mines. Flexible 



Fig 17(1. Semi-automatic Spring Coupling (Allen & Garcia) 


and solid cylindrical rollers, 

tapered rollers and ball hearings are all in use. Fig 19a, h and c show 5 types of these 
bearings. For performance of different bearings, see Art 8. .Axles may be fixed or 



rolling. Simplest and cheapest is a square axle bolted to truck frame or car bottom 
with outside loose wheels (Fig 10). Having no protection against dust or oil leakage, the 
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hub bore wears rapidly, increasing friction and liability to derailment. A hub cap keeps 
out most dust and saves oil; bushing takes up wear and reduces friction. Roller-bearing 
wheels, with long bearings, are excellent on fixed axles, but they are often used in pairs on 
rolling axles, which is not a logical design; rolling axle should have one tight wheel to 
make rotation positive. Axle boxes often have no caps, and even worn axles may run 
smoothly. Open pedestal boxes with axle held by a U-bolt are much used abroad. They 
are cheap, but the axle wears rapidly. Plain sohd or babbitted boxes are better. Many 
dust-proof bearings are on the market, varying from simple shrouds, multiple felt or metal- 
gasketted boxes, to the continuous sleeve enclosing the whole axle, with self-oiling boxes, 
as the Anaconda (Fig 9) or McCaskell (Fig 19) types. Wheel qaoe. Axle collars or 

wheel bearings are spaced to make 



wheel gage 0.5-0.75 in less than that 
of straight track. M C B standard 
gage is measured at ^/s in above base 
of flanges, and is i^^ loss than 
the straight track gage. Axle 
bearings. Fixed axles require no 
anti-friction bearing, except at wheel 
hubs. Where axle loads exceed 2.5 
tons, spring pedestal boxes, preferably 
outside the wheel, should be used, 
relieving shock on both car and 
track and minimizing derailments. 
Rolling axles have the same variety 


of bearings as for wheels. Fig 19c is a 
Gurney outside journal ball-bearing, with spring box; Fig 19a, part of a Sanford-Day 
anthracite truck, where both wheel and axle are loose, with outside spring box. Axle 
bearings are structurally better than wheel bearings, because on curves or poor track the 
wheels are eccentrically loaded. Tight and loose wheels. In standard R R practice, 
the tread coning practically compensates the increased length of the outer rail on curves, 
the outer wheel flanges crowding against the rail, while the iimer travel on their small 
diam. With the short-radius curves of mines, wheel treads can not be sufficiently coned 
to make up this difference. Thus, on 24-in gage, a 20-ft radius curve of 90° requires the 
outer wheel to travel 3 ft or 10.5% farther than the inside wheel. Fixed wheels must 
therefore either skid or churn on curves. This is avoided by loose wheels. Or, as in the 



Fig 19a. Sanford-Day and Timken Roller-bearings 


Anaconda truck (Fig 9), both wheels are tight, but are on separate short axles, in a con- 
tinuous sleeve journal. Each axle is held in its bearing by a bolt or saddle key, riding in a 
slot cut around the axle; weakness of this design is the 2-piece axle and poor provision 
to meet end thrusts. McCaskell truck (Fig 19) has a similar continuous oil reservoir 
shroud between bearings, and a solid axle, with 1 tight and 1 loo.se wheel. The loose 
wheel gives differential travel on curves, so that hub wear is negligible, or is provided for 
by bushing. Cased roller bearings for the axle (3), and a self-oiling loose wheel, would 
give an ideal combination to minimize tractive resistance. 

Lubrication of wheels (26, 27). Thorough lubrication is essential for low tractive 
resistance. An oil bath on a standard R R axle reduces friction from 10 to 16% of what 
it is with oiled waste on one side of the journal. Open, unprotected pedestal boxes may 
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require lubrication every trip, and, when used, there should be oil reservoirs beside or 

between rails, with revolving brushes or cams to oil or grease the axles automatically as 

they pass Plain covered bearings should be oiled once or twice each shift Self-oilmg, 
dust-proof bearings (see above) may not require attention once a week Best roller bear- 
ings run 3 to 12 months with one charge of grease, and makers claim a saving of 80% in 



cost of lubricant o\er plain bearings (27) Bearings are lubricated by a grease gun, 
attached to the greahc-plug hole, grease is forced in by a screw piston displacing the old 
gieasc Hand guns are customary, but for large mines a grease tank with 100-lb air pres- 
sure, and pressure hose linos to both sides of track is better Mode of lubrication can be 
ad\ antageousl> \ aried with size of wheel, as indicated by Fig 51h from the Pittsburgh teats 
(4, 0) Non-hardening cup grease should be used, and roller bearings should also be 
oiled sparingly at intervals with a 
g(.K)d car oil In winter use zero-test 
oil For effect of lubrication on 
traction, see \rt 8 

Brakes The simplest brake is 
a hardwood aprag, thrust between 
spokes and fore ing the wheel to slide 
It causes flat wheels and is usually 
applied to but I wheel at a tune 
A lover with wood block between 
wheels brakes 2 wheels on one side 
A simpler steel-bar brake is shown 
in Fig 3 Brake shoes of wood or 
steel, m chairs, with toggle gear 
cross-connected under body to en- 
giiKC all 4 wlu-cla, are Ixjst (Fig 1, 2) 20 \ ertical Screw Brake 

Brakes should hav e a ratchet, latch 

or counterweight, to set or hold them Fig 20 shows bralce system on a Gen Electric 
Co’s trolley locomotive For locomotives on steep tracks a special rail brake is some- 
times provided to grip both sides of a third brake-rail to contiol train (Fig 21). It is said 
this brake will stop within 100 ft a 100-ton tram and locomotiv’^e running 8 miles per hr 
down 8% grade 

Making vs buying cars Special cars, as for dnll-steel, timber, water, toilet or men, 
can advantageously be made in the mine shops during dull periods, at nominal labor cost. 
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but, for standard cars, only large mines with good ^ops can compete with mine oar 
makers, either in cost or quality of product. Freight rates on manufactured cars are 
usually higher than on lumber or knocked-down car parts. 

Present tendencies. Well-managed mines are standardizing car designs. The 
various roller and ball bearings are properly replacing plain and bushed bearings, though 

it does not pay to install expensive 
anti-friction bearings for bad grades and 
poor track. Mine mgrs report cast-steel, 
rolled-steel and manganese-steel wheels 
are more satisfactory for motor haulage 
than chilled-iron wheels. 

Welding is now so readily done, com- 
pared with riveting or bolting, that many 
mines are replacing wooden bodies and 
imder bodies by all-steel construction. Cars 
for main haulage are becoming larger, thus, 
the gable-bottom car (Fig 14) of 45-cu ft is 
now replaced by 76-cu ft cars at Miami, 
and in Clifton-Morenci district, and, at 
Alaska- Juneau, 5.5-ton gable-bottom cars 
have been superseded by 10-ton cars. 

Locomotive Third-rail Brake Doorless rigid-body cars, operated with 

rotary dumps, avoid the weakness and 
spilling nuisance of door cars and grow in favor. Colhery cars holding 4-6 tons are now common, 
where 1.5-3 ton cars were the rule. If sticky ores tend to build up in bottom of oars, rounded or 
steep gable bottoms are preferable. 

6. MINE TRACK (12 to 24) 

Wooden rails, 2 by 3 in or larger, arc sometimes used in metal mines, for small-scale or temporary 
work, and in collieries for branch track in rooms or breasts Frictional resistance to sliding of 
braked wheels on heavy grades is greater on wooden rails 
and less injurious to wheels. In its simplest form, the rail 
is spiked to the ties by 4-in or larger ware nails. A better 
form, for convenience in relaying, holds the rail by wedges 
in daps in the ties (Fig 22). Facing wooden rails with strap 
iron increases their life, but reduces sliding friction prac- 
tically to that of the T-rail. Straps are 3/3 or I/2 by 2 in, 
fastened by countersunk spikes of screws. 

Steel rails are made in 3 standard series of sections, 
the Amer Soc C E, and A and B series of Amer Ry 
Assoc; also in many special shapes. For mine track 
thick web and broad base are best, because of use of 
light ties, and frequency of corrosive water. Amer Soc C E sections most nearly meet 
these requirements. R R rails are sold by the long ton, specifications usually calling for 30 


Table 1. Rail Sections (Aumer Soc Civ Eng Standard) 


wt, 

lb per yd 

6 « d 

e 

t 

I.ong tons 
per mile 
single track 

Lb per 

too ft 

Size of 
hole, in 

F, 

in 

1/ or 

L, in 

8* 

1 »/l8 

13/16 

6/32 

ton lb 

12 1 280 

267 

6/8 

2 

16 

12 

2 

I 

3/16 

18 1 920 

400 

6/8 

2 

16 

16 

2 3/8 

111/64 

7/32 

25 

320 

533 

3/4 

2 

16 

20 

2 6/8 

1 ll/M 

1/4 

31 

960 

667 

3/4 

2 

16 

25 

2 3/4 

1 1/2 

19/64 

39 

640 

850 

Wie 

2 

16 

30 

3 1/8 

111/16 

21/64 

47 

320 

I 000 

13/16 

2 

16 

35 

3 5/16 

1 3/4 ' 

23/64 

55 

000 

1 167 

13/16 

2 

16 

40 

3 1/2 

1 7/8 1 

26/64 j 

62 1 920 

1 333 

7/8 

21/2 i 

20 

45 

3 11/16 

2 

27/64 1 

70 

I 600 

1 500 

7/8 

21/2 1 

20 

50 

3 7/8 

2 1/8 

7/16 

78 1 280 

t 667 

1 

21/2 

24 

55 

4 1/16 

2 1/4 

16/32 

86 

960 

1 833 

1 

21/2 

24 

60 

4 1/4 

2 8/8 

31/64 

94 

640 

2 000 

1 

21/2 

24 

65 

4 7/16 1 

2 13/32 

1/2 

102 

3:0 

2 167 

1 

21/2 

24 

70t 

4 6/8 

2 7/16 

33/64 

no 

000 

( 2 333 

1 

21/2 

34 


Letters refer to Fig. 23. * Few mills roll this sise. f Heavier rails, up to 150 lb, arc roiled. 


J £ 


□did 

. „ J 


Fig 22. Wooden Rails 
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or 33>ft lengths, with not over 10% of shorts down to 24 ft. Shorter lengths (18 to 27 ft) 
are often necessary for mine track, especially at shaft stations. Relaying-rails, 66-lb and 
heavier, are usually on the market at reduced prices. 

Spacing of holes in rails and splice bars varies with different makers for rails below 40 lb, and 
should be specified when ordering; b, c, d, O, H and U refer to Fig 23. G * 2 F\ U ^ 2 F + l/g in; 
U for 4-bolt joints, up to 65-lb rail; L for 6-bolt 
joints, for 70 lb and heavier. 

Weight of rail. For strength: Fig 24 
shows minimum wt of rail and max single- 
wheel load recommended for 1 1/2 and 3-ft 
tie spacings, to give reasonably low stresses. 

Heavier rails than indicated for given loads 
will reduce track resistance and maintenance 
costs, while lighter nuls should be used only 
for temporary' w’ork. For locomotives, rails 
lighter than 25 lb will not keep alinement, and should not be used on main lines. For 
conductivity: rails for heavy traffic are usually amply large for return circuit for electric 
haulage, but with light e<iuipment the size of rail for economic conductivity, rather than 
the wheel loads, may be the limiting factor in determining wt of rail. Rails carrying 
0.25% Cu are reported by J. O. Greenan (15) as being ten times more resistant to acid 
mine water than iion-cuprous rails. 

Bonding. The contact resistance of ordinary rail joints is so great as to be equivalent to an 
open circuit. The best of bonds should be used under splice bars, and rails should be cross-bonded 
at about every third length, the rail circuit being connected to the negative pole to minimize corro- 
sion (For rail bonds, hoc See 10 ) 

Rail joints should have us nearly ns possible the same strength and stiffness as the solid raiL 
Expansion is allowed for by leaving spaces between rail ends, using splice-bar? with slotted bolt 
holes, and drilling the rail holes Vs to I /4 m larger than the bolts. Flat fish-plates (Table 2, and 
Fig 23, A and li) are made for rails up to 40-11), but for lails over 25-lb the angle-bar splice (Fig 23, C) 

IS bettor. Electric weldino is the best modern method of bonding, and is becoming standard 
practice for main-line track, for both Ixinds and joints. 

Track spikes, to have the greatest holding power, should be straight, smooth, of uni- 
form cross-sec, luid with a sharp cutting edge beveled back 2 diams. Spikes of different 
makers vary over 10% la wt, munber per keg should be verified when ordering and 
allowance made for extras. Spikes are staggered on opposite sides of the rail, and the 

stagger reversed for the other rail, the 
infoide spikes being near the same side of 
tie. If ties are fiist liored with holes 
i/g in smaller than the spike, the holding 
power IS greater, but to foUow the hole, 
spikes must Ijc jiomted instead of l^eveled. 

Screw spikes increase life of ties, are 
more effective, but cost more. Though 
much used abioad, and almost indis- 
pensable for tropical hardwood, they are 
not yet common in U S, but are replacing 
driven spikes on some R R lines. Holes 
must be bored for them. 

Wood ties for standard-gage track are 
8 to 9 ft long, not less than 6 in tluck, 
flattened to at least G in face, or, if saw’ed, 
minimum cross-sec is 6 by 8 in. For 
narrow-gage track, length of ties should 
be twice the gage, at least 1/4 in thicker 
than spike length, and 1 */« times spike length m width. Hut for light or temporary 
work, or prospecting, tics are often no thicker tlian the sinke length, and but 4 in longer 
than distance Ix'tween outside spikes. 

Steel ties of pressed and rolled steel, have tlie advantages of lightness, strength, dura- 
bility (whei-e mine water is not acid), and of requiring less depth or headroom. They 
should have flanges along all edges, extending into the roadbed to hold them in place. 
Rails are fastened to them by bolts, or clips and wedges, or combinations of these. Fig 26 
shows some of the numerous designs. 

Spacing of ties. Average for standard gage is 24-in centers. Underground ties are 
spaced from 16-in, on some main haulage ways with soft bed, to 4 and even 6-ft centers in 



Fig 24. Wdght of Rail for 1 V 2 and 3 ft Tie 
Spacing 





11-16 


UNDERGROUND TRANSPORT 


Table 2. Rail Joints (Cambria Steel Co) 


Wt of 
rail 
per yd, 
lb 

No of joints 
per long ton 

Track bolts * 

Splice 
bars, 
wt per 
pair, 

Ibt 

Wtof 

rail 

per yd, 
lb 

No of joints 
per long ton 

Track bolts * 

Splice 
bars, 
wt per 
pair, 

Ibt 

24-ft 

rails 

33-ft 

rails, 

10% 

shorts 

Size, in 

No per 
200-lb 
keg 

24-ft 

rails 

i 

33-ft 

rails, 

10% 

shorts 

Size, in 

No per 
200-lb 
keg 

8 

35.00 

25.86 

1/2 X 1 3/4 

952 


40 

7 00 

5.17 1 

5/8 X 3 

417 

16 

12 

23.33 

17.24 

1/2 X 1 S/4 

952 

2.58 

45 

6.23 

4.60 

3/4 X 3 

278 

18 6 

16 

17.50 

12.93 

1/2 X 2 

909 

4.53 

50 

5 60 

4. 14 

3/4 X 3 1/4 

267 1 

25.3 

20 

14.00 

10.34 

1/2X2 

909 

3 71 

55 

5 09 

3 76 

3/4 X 3 1/2 

256 

29 2 

25 

11.20 

8.27 

6/8 X 2 1/4 

488 

5.60 

60 

4 67 

3.45 

3/4 X 3 1/2 

256 

32.3 

30 

9.34 

6.89 

5/8 X 2 1/2 

465 

9.10 

65 

4 31 

3. 18 

3/4 X 3 3/4 

247 

35.4 

35 

8 00 

5.91 

5/8 X 2 3/4 

435 

11 1 

70 

4.00 

2 95 

3/4 X 3 3/4 

247 

54 6 


* Track bolts of different makers may vary 
over 10% in wt. Those in the table have square 
nuts, for hexagon nuts, add 6% to No per keg. 
Length does not allow for nut-locks. 

t For O.'j-lb rail and lighter, 4-bolt joints; 
others, 6-boIt. Fish-plates for 2r)-lb and lighter 
(see A and Ji, Fig 23), angle splice bars (C, Fig 
23) are for 30-lb and heavier. To join rails 
of different wts, as may be required in passing 
from main to branch track, special offset fish-plates and step-chairs are used (Fig 25). 



Fig 25. Offset Fish-plate 


Table 3. Track Spikes 


Size 

under head, 
m 

No per 
200-lb 
keg 

Ties 2 ft centers 
4 spikes each 

Suitable 

rail, 

lb per yd 

Size 

under head, 
in 

No per 
200-lb 
keg 

Ties 2 ft centers 

4 spikes each 

Suitable 

rail, 

lb per yd 

Spikes, 
lb per 

1 000 ft, 
single 
track 

Kegs 

per 

mile, 

single 

track 

Spikes, 
lb per 

1 000 ft, 
single 
track 

Kegs 

per 

mile, 

single 

track 

2 1/2 X 6/16 

2 230 

179 

4.74 

8 to 12 

4 1/2 X 7/16 

690 

580 

15 45 

20 to 30 

21/2X3/8 

1 650 

243 

6 40 

12 to 16 

4 X 1/2 

605 

652 

17 58 

25 to 35 

3 X 3/8 

I 380 

290 

7 96 

12 to 20 

4 1/2 X 1/2 

518 

772 

20.40 

25 to 35 

3 1/2 X 3/8 

1 250 

320 

8.70 

1 2 to 20 

5 X 1/2 

475 

841 

22.30 

35 to 40 

4 X 3/8 

1 025 

390 

10 22 

16 to 25 

5 X 9/16 

405 

988 

26 15 

40 to 56 

5 1/2 X 7/16 

890 

450 

11.88 

16 to 25 

5 1/2 X 9/16 

360 i 

1 120 

29.33 

45 to 90 

4 X 7/16 

780 

515 

13 65 

20 to 30 

6 X 9/16 

320 ! 

1 250 

33 00 

50 to 100 


fTn wt of «•, 4 lb p« f% I 


is£S^s 




room or slope tracks. An excessive span, with light rails or hea\'y wheel loads, greatly 
increases re.sistarice, and the l>endirig raii.s loosen spikes and cut ties. For relation of tie 
spacing to wt of rail to be used, see Fig 24. 

Track stringers. For soft roadbeds, broad, 
close-spaced ties are used, but in some mines a 
satisfactory track is made by using heavy stringers, 

4 by 8 or 5 by 10 in, laid on the flat under each rail 
and omitting ties. 

Tie plates arc used to protect ties under rails and 
at spike holes. They are seldom used in mines, but 
are justified under heavy traffic, or with tieafed 
ties. Rail braces, to reinforce outer rail on curves 
and switches, are advisable for high-speed haulage. 

Life of ties. In R R service, hemlock, 
tamarack and white pine ties aver at lea.st 5 yr; 
cypress, chestnut, white oak, and cedar, 7 to 
15 yr. Generally, the timber most cheaply 
obtained locally is used for ties, as their life, 
except where animal haulage is used, is usually 
longer than that of the mine working. Pre- 
servative treatment is economical only in main entries or long adits. Soft ties are of toner 
worn out by spike-killing and rail-cutting than by decay; in narrow-gage work, it is 



Fig 26. Steel Ties and Rail-fiistenings 
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well to use long ties, so that they may be shifted longitudinally when relaying, to afford 
new places for spiking. For frequent relaying, as in room work, wood ties are spike- 
killed in from 1 to 5 relayings; steel ties, barring corrosion or accident, last indefinitely. 

Track ballast may be of broken stone, gravel, tailing, waste, cinders or slag. The 
standard of Amer lly Engs & Maintenance of Way Assoc, for Class C R Rs, is a 6-in 
layer of gravel and chert under 8-ft ties, with 3 to 1 slopes beyond the ends and filled 
to the tops at center; or, with ties at 24-in centers, 1 180 cu yd per mile. Special ballast 
is larely needed for mine track. The floor is generally hard, and care of the drainage 
ditches will usually remedy soft spots. Ballast will not help a swelling or heavdng floor. 
With animal haulage, roadbed and ties are worn by the hoofs and require more frequent 
renewal than for other haulage systems. 

Track gage should not be less than half the extreme width of car or locomotive. Max 
gage is limited by the roadway clearance and sharpest curve. 


A crude empirical rule, inhere wheel-base does not greatly exceed gage, is: Gage < y/R -i- 4, 
where R is the shortest radius. Gagca range from standard, 56 5-in, down to 12-in. In metal 
mines, 18 to 24-iri are commonest; in collieries, 36 to 42-in. Advantages of broad gage; sta- 
bility, large-capacity cars, lower total cost of rolling stock and lower operating cost per ton. Advan- 
tages of narrow gage lower first cost of entries and track, and the shorter-radius curves which 
are made possible. Gage on curves must be increased, to prevent binding of wheel flanges. In 
II II practice, for each 2° over 8® of curvature, the gage is Vs m wider, to a max increase, including 
wear, of 1 m. For sharp curves of narrow-gage track, wheels may require all the extra play that 
their width of tread will allow. The increased gage is obtained by starting the curve of inner rail 
before the “ point of curve " is reached (Sec 17). 


6. LAYING OUT CURVES, SWITCHES, AND CROSSINGS 

( 12 , 13 , 14 , 23 , 24 ) 

Track curves. Simple circular curves fill all speed requirements of underground 
tracks, and easement or transition curves are unnecessary. Degree of curvature D is 
the angle at the center subtended by a chord of 100 ft; but curves of lesvS than 200-ft 
radius are l)eHt designated by length of radius R. Trigonometric relations between the 
elements of circular curves, and inodes of laying them out, are given in Sec 17. 

Layout of curves is done by transit methods, or in various ways requiring no instrument 
work. They should not be left, as they often are, to the unguided judgment of trackmen. 
A reasonably accurate curve layout can bo 
made W'ithout a transit by means of offsets, by 
Using a rod ah (Fig 27) 10 ft long, and with a 
right-angle offset dc at center d, of a length = 
i\f, as guen in Table 4 for curve of required 
radius. The curve is started with the rod 
laid m prolongation of the tangent from the 
P (’ (Sec 17, .\rt 32) in the position ah'. Offset 
d'e w'lll then iiulicate the first ixnnt c on the 
curve. Subsc(]ueiit jioiiits will be indicated by 
point h when rod ah is laid inside the curve. 

\\ hen tlie P C and P T are W'ithm sight of each 
other, the middle and iiuarti^r-ordinato method 
IS most convenient. hen w'orkings are diiveii 
by directions fiom the enginet'r’s oflico, blue- 
pi mts shoulfi Ik* furnished for placing timbering 
and track as indicated in Pig 28, 29, with a 
minimum of instrument work. 

Minimum-radius curve is limited by length 
of wheel base, diam of wheels and flange clear- A 

fUico. Fig 30, fmm an empirical formula Fig 27. Laying Out Curve by OfTsets 
(Baldwin Ivocomotive Wks datii), giv^es safe 

values for curves of same gage as ou straight track. With liberal spread for gage on 
curves, 10 t/) 2.5% may be added to wheel-base dimensions. 

Bending rails. The common rail bender, the “ Jim Crow ” (Fig Sla), is made in 4 
sizes for different wt of rail, the simn between claws being 16 to 24 in. Roller bender is 
a convenient modification, and hydraulic or pneumatic bonders (Fig 31, h) are made for 
heavy rails. Rails are lx)nt to fit curves of given radius by the middle and quarter- 
ordinate method (see above) ; or, for short radii, by laying out the curves of both rails in 
chalk on the shop floor, the value of M for same length of rail being greater for the inner 
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rail (Table 4) . If bent in the shop, the max length of a curved rail is limited by size of 
shaft compartment. Difference in length of inner and outer rails, D « gage X length of 
curve 4- radius of curve. 



Fig 28. Curve Layout 


Superelevation of outer rail, to balance centribigal force, is e = dT'- -f- gR, 'where 
e a= elevation of outer rail, in; d distance between centers of rails, in; F *= velocity, 
ft per sec; g «= acceleration of gravity, ft per sec per sec == 32 2; R == radius of curve, ft. 



Fig 29. Layout for Double Turnout 


On grades, these elevations should be reduced. With rope haulage, the cross pull of 
the rope on curves modifies conditions, and may even require that the inner rail be elevated 
(Art 18). On self-acting planes, track on curves can not satisfy requirements for travel 
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Table 4. Middle Ordinates JIf , in lii€liea« of lO^ft Chords 


Kadi us, 
ft 

Center 
hne 
ord, m 


Correction, 4- foriimw, - 

- for outer rail, in 

Gage^ 15 

18 

24 

30 

42 

56 1/2 

7 

25 2 

4-3.8 -2.8 

4-4.8 -3 3 





8 

21.1 

4-2.6 -2.0 

4-2.9 -2 2 


. . • ^ 



9 

18.2 

4-1.7 -1 4 

-1-2.0 -1.6 





10 

16 1 

4-1.2 -1.1 

4-1.5 -1 3 




...... 

12 

13 1 

d=0.7 

4-1.0 -0.9 

-1-12-10 




15 

10 3 

0.5 

4-0.6 -0.5 

4-0.8 -0.7 




20 

7.6 

0.3 

dbO.3 

±0 4 




25 

6 1 

0. 1 

0 2 

0.3 

4-0 4 -3 



30 

5 0 

0 1 

0 1 

0 2 

:;fc0 2 



35 

4 3 

0 1 

0 1 

0 1 

0 2 

‘±02* 


40 

3.8 


0 1 

0 1 

0 2 

0 2 


45 

3 3 



0 1 

0 1 

0 1 


50 

3 1 




0. 1 

0 1 


60 

2 5 





0 1 


75 

2 1 






‘ ±0 2 ' 

100 

1 5 






0 1 


* Corrections are for ordinates of 10-ft rail chords, not for chords taken radially from 10-ft 
center-line chord. 


ill both directions, and level ties, guard rails and slow speed are the compromise. Fig 51a 
shows tests. 

Fitting track for temporary work without cutting rails. For headings or track gape, a loose 
rail IS laid on its side along inner side of each track rail, with loose rail head against wob of 

track rail The wheel flanges then run on web 
of loose rail, which need not be fastened or 
match track joints. To put m a curve without 
cutting mam rails, spread end rails and fasten 
right and left beveled switch points at required 
P C inside mam rails. 


Fig 31. Bail Benders 

Switchea (10). Standard point and stub switches and many other deviees are used 
in mines to transfer cars from one track to another. The point or split switch (Fig 32) 
consists of 2 “points ’’ or latches, lead and follower turnout rails, and frog with guard 





rails opposite frog. On blunt switches the toes of the frog and heels of the point rails 
meet, otherwise hUer rail lengths are inserted. Facing a switch, it is passed from the 
point end; trailing, from the frog end. Standard formulas for switches and turnouts are 
given by American Mining Congress, May, 1932 (12). 
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Frogs. The rail crossing may be a single casting (Fig 33), preferably of manganese 
steel, or be built up of rails. Fixed-rail frogs may be filled and bolted, for heavy track, or 
riveted on plate for light track (Fig 34). Spring-rail frogs have one wing rail movable, 
but held by a spring against the frog point so that wheels on the main track pass over 

no gap. Standard frogs have straight rails, but, for 
narrow-gage blunt turnouts, curved frogs are better, 
though they are not interchangeable for right- and left- 
hand turnouts, and a turnout guard-rail should be pro- 
vided. Frog number is the distance (Fig 34) from the 
point of frog to any point at which the spread between 
gage lines is measured, divided by that spread; or it is 
the total length of frog C divided by total spread A -j- B. 
For curved frogs the spread is measured to tangents 
from the frog point. Grade frogs may bo avoided by raising the lead rail, and carrying 
the wheel-flange over the unbroken main rail by a latch (Fig 35). The sharp rise of the 
lead rail, and the latch closing the main rail are objections. Some mines use a reversible 
frog block to fill the flangeway of the closed track rail. It is effective, but causes de 
railments if misplaced and should be unnecessary with proper design. Fig 33a shows 



Fig 33 Cast Frog 



3"x 9" 

Section at Pm-X 



Fig 33o. Frogless Switch, N J Zinc Co (2) 


an ingenious arrangement of a pin-swiveled piece of rail taking the place of a track frog. 
Fig 49 is a simple station track layout. 

Switch layout (10). In Fig 32, let F be frog angle, N frog number, G track gage in ft, 
R radius of center line of switch curve in ft, and L switch lead in ft. The lead is the dis- 
tance parallel to main line from switch point to frog point, and must be kimwn to locate 




the frog properly. Assuming a switch with curved point and frog rails, or a circular curve 
from point of switch to point of frog: 


= 1/, coM/a f = L 4- 2 <? - i? + Z, - + 2 « 


sin 1/2 




G 


G 


. (approx) 


L 

R 


2 (F -f 1/2 G) y/Q 2 2 ;V ' 

2 GiV - K 4 - AT - (fi + 0.5 G) sin F - VillR 
LN ~ -t- 2G - 2 am - (L 4- Hin F) - 0.5 G 


Total length of lead rail from point of switch to point of frog ■* wing rail 4“ point 
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rail -f filler (F -4- 180). With straight frog and point rails, values of L and R are 

modified: 

_ G w sin F — h , , ^ 

R 7 ; V 2 G 

CO 8 a — cos t 

L *■ (/2 + 0*5 G) (am F — sin a) -i- w coa F p 

in which a is angle of point rails, w =* length of wing rail, h «*= heel distance, and p >» length 
of point rail. For a double turnout or 3-way switch (Fig 36), let Fm be the center frog; 

Q 

then, vera 1/2 Fm » ^ and distance aFm ^ R -i- 2 Nm- 

Stub switch (Fig 37) is simpler than the point switch, and cheaper if both are made 
at the mine; if 8upr>hed by manufacturers, the stub saves little. If the switch has no 
locking lever, derailments may be caused by the rear wheels 
throwing the switch rails. Tins danger is reduced by making 
the turnout stub rails parallel to the main rails for a distance 
equal to the car wheel base. Special tie plates or chairs (Fig 38) 
should be used for stubs. A modified form of stub (Fig 39) 
eliminates the frog, and is good even for motor haulage, if there 
is enough room for the rods. 

Automatic switches have their latches or points normally 
held by a spring to clear one track ; facing trains must follow 




Fig 37. Stub Switch 


that track, but trailing trains may pass from either track, the wheel flanges forcing the 
point over against the spring when coming from closed track. These switches may have 
a lever to engage a projection on motor or car for flying-switch work, but head tie bar 
should then have a spring connection to the throwing lever to reduce impact. The auto- 
matic swit/ch 18 especially serviceable for by-passing at tipples, shaft stations and sidings. 
In Fig 40, a is a simple automatic switch ; h, combined with lever throw. 

Finger or single-latch switch, a modified point switch, omits one point rail and the frog. 
The turnout is an angle instead of a curve, but it is a cheap and good switch for light, 
narrow-gage work. Fig 41 shows its application to a 3-way switch; Fig 43 to a crossover. 




rORGtO TIE SAT 


cODZnzi r:-grr"[!-n 

Fig 38 Stub-ewitch Fixtures 
for Light lUiil 



nil ini 1 


j 1 , , 


aLlblJb 


1 

nl 


I 2 



Fig 39. Stub Switch Without Frog 


Fixed switch (Fig 42) is suitable only for hand tramming or animal haulage. All rails 
are fixed, but with lilieral flange clearances at the points, and cars are crowded toward the 
turnout or against the unbroken main rail to take or pass the switch. Lowering the outer 
rails slightly at the turnout helps to protect main-line traffic. 

Double crossover or diamond switch is the standard for tipples and shaft bottoms. 
Fig 42, 46, show cases where distance between tracks is greater than the gage, and Fig 44 
where the distance is lesa 
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WlbraH 



Fig 43. Crossover Finger Switch 


Fig 44. Diamond Switch 




Track crossing ma> be an assemblage of frogs, or a built-up riveted plate (Fig 46). A crude 
crossing which avoids cutting for flange-ways is made by running 1 track higher than the other 
bv the depth i>f the rail, and carrying it across by one long pair or two short pairs of latches. One 
♦ rack IS thus always blocked. 

Turnsheets (tarantulas), of l/ 4 -iii or heavier plate, fastened to sills by countersunk 
wood screws or drift bolts, are the simplest switching device; suitable at shaft stations, 
tiiinouts and cro.ssings, when the gross wt per car 
does not usually exceed 3 000 lb. Sheets should he 
finished on edges and supported by planking or con- 
eiete unless the sills are closely spaced. Flared treail 
POINTS or rounded guards are riveted to plates to 
guide wheels onto tracks. Fig 47 shows a turiisheet 
shaft station; Fig 45, a track-laid station. 

Turntables uro for cars or motors too heavy to handle 
on a tunushret, where there is not room for a track switch, 
or where ground is too hea^ y for the long caps o\er turnout 
curves. Construction a pair of rails on a swi\el platform 
of plank or steel, or a circular C-I plate, with ball or roller 
bearings, on a base ring, as furnished by makeis of indus- 
trial track. 

Transfer carriage, a low-truck car on a sub-grade cross- 
track, carrying rails to fill corresponding gaps in the main Fig 46. Riveted Plate Crossing 
or side tracks by moving the carriage, thus transferring 

cars from one track to another. It is much iwed in industrial plants, and sometimes at shaft tops 
for loading into bins. 

Shaft bottom or station track layout (13) must provide for rapid handling apd minimum 
iutcrferonce of empty with loaded cars. Standard colliery shaft bottoms have a wide 
thiough entry across wall plates, with double crossover on both ades and grades in favor 
of traffic, BO that empties will run to the swdtch when pushed off the cage by loaded cars. 
A by-pass track returns empties, w^hen production from both sides is not balanced. A 
through station with a blind end should have kick-back and spring switch in place of a 
double crossover. A power lift (Fig 48), to raise empties to top of return grade, makes 
handling rapid and automatic. Fig 49 is an end-on shaft station with 8 spring switches 





Fig 49. Shaft Station 
Layout 


Fig 50. 


Locomotive Haulage Level, 
Kly, Minn 
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(a), and 2 throw switches (b) and (c), making switching of empties automatic to track A 
or D (see also Sec 12) 

Main haulage levels in wide deposits are planned with parallel loading crosscuts, 
connected in loops or curved into a main return drift Hence, the locomotive usually 
travels m but one direction, hauling a tram of empties from the shaft, dropping the rear 
cars singly at loading chutes, while picking up loaded cars ahead, and pushing them 
around the loop and back through double-track mam drift to the shaft (Fig 50, 50a, 51) 

Fig 51 IS a shaft-bottom layout m W Va, where 2 cars are dumped by a rotary dumper, 
using battery locomotives, 3 men handle 3 500 ton of coal per shift Ample storage space 
must be provided for both loaded and empty cars 

7. MINE TRACK COSTS 

Arizona 30-lb rail, 24-m gage, ties 18 in centers, length 7 000 ft, in medium hard ground 
labor digging bed and laying track, 50^ per ft, ties, 4 by 8 in by 3 5 ft, $27 50 per M bd ft, fob 
mine, including 10% waste, 13^ per ft, rails, 30 lb, at $37 per ton, plus haulage to mine, per ft, 
spikes, hsh-plates and bolts, 7 5^, shop labor, etc, 1 5i, total cost per ft (prewar), $111 Turn- 
outs and points, fob factory, $20 per set 

Miami mine, Anz (F. W Maclennan, 1925) 45-lb rail, 24-in gage, ties 21 in centers labor, 

25^ per ft, rails, sphee-bars and spikes, $1 17 per ft, ties, 4 by 8 m'by 3 5 ft, at $35 per M, 16^ per ft, 
total, $1 58 per ft Turnouts, complete, $100 ea 45-lb rails have a life of 6 000 000 tons hauled, 
whereas 70-lb rail, now used for heaviest traffic, may do double that duty and still be serviceable 
(R. W Hughes, 1936) 

Idaho 35-lb rail, 18-in gage, ties 2 5 ft centers* labor bringing material from surface and 
laying 1 mile of track, $591 00 , 2 112 ties, 4 by 8 m by 3 ft, 11 2^ ea, $236 54, 55 tons rails, at 
$41 08 (July. 1913), $2 259 40 , 360 aphoe bars (4 356 lb), at $2 70 per 100 lb, $117 01, 1 41U bolts 
(625 lb), at $2 60 per 100 lb, $16 25, 10 560 spikes, 0 5 by 5 m, 4 140 lb at $2 75 per 100 lb, $1 U S5. 
total cost 1 mile single track (prewar), $3 334 65 = $0 631 i>er ft 

Mesabi iron range Mam haulage track, 40-lb rail, angle-bar joints, 4-ft round timber tics 
faced to 6 in thick, 2 to 3 ft centers depending on the ground, cost $45 to $^ per 100 ft fsub-le\ el 
drift, 12-lb track, fish-plate joints, 3-ft ties of half-round lagging over 3 m thick, 2 to 3 ft centers, 
$18 to $22 per 100 ft 

Fresmllo, Mex (1923) 50-lb rail, 36-in gage, ties, 6 by 8 in by 6 ft, 2 4-in centers Cost per ft 

labor, $1 66, supplies, $1 76, exclusive of rails and splice bars, which were charged to equipment 

Oliver Iron Mining Co Tramming tracks, 60-lb rail, mm radius of turnout 25-ft with No 1 
curved frogs, grade 1/2 to 1% favoring loads, ties, pine or tamarack, 6 by 6 m by b ft, spaced 
2-ft centers Power, 250-volt <1 c, delivered through feeders to 40 overhead copjier trolley wires 
Locomotives 6-ton elec trolley, double-end control, 30 h p, cars, 2 75 to 4-ton, gable or bottom, 
with 16-in wheels, roller bearings and pocket couplers, loading normally from chutes into cars 
(Fig 9a) Main-level drifting by mechanical scrapers into cars dumped by hand into shaft pocket, 
tramming, max speed, 5 miles per hr, 10 to 15 oars per trip 

Cost of track varies widely, approx cost can be computed by figuring that 4 laborers 
and 1 welder can lay about 150 ft of track in 8 hr To this add delivered cost to plat e of 
laying of rail, angle bars, bolts, spikes, ties and cost of special work, as switches and frogs 
(G E Diehl, 1938) 


Table 6 Track Costs (a), Pittsburgh Coal Co, 1938 (L E Young) 



Rail or 
turnout 

Creosoted 

ties 

Accee- 
Bonea (6) 

Slag 

i 

Labor 

Total 

Track, 60-lb, per ft 

$ 0 7249 

$ 0 6720 

$0 1624 

$0 1125 

$ 0 3117 

$ 1 9835 

“ 40-lb, “ “ 

0 5280 

0 4620 

0 1330 

0 0900 

0 2558 

1 4688 

1 No 4 turnout, 60 lb 

tIO 00 * 

40 80 

4 44 

3 42 

24 58 

183 24 

1 No 3 turnout, 60 lb 

93 50 

39 12 

4 11 

2 61 

21 24 

160 58 

1 No 3 turnout, 40 lb 

59 50 

23 55 

4 44 

2 02 

14 46 

106 97 


(a) Exclusive of trolley, entrv grading, excavating bottom, widening and straightening entry 
(o) Includes welded U-bonds and crossovers 


Table 6. Trolley Costs, Pittsburgh Coal Co, 1938 (L E Young) 



Trolley 
wire (a) 

Accetsoneii 

Guard board 
and clamps 

i 

liabor 

Total 

100 ft 6-0 trolley wire 

100 ft 4-0 trolley “ 

4-0 butt-entry turnout 

$23 25 

13 65 

18 00 

$13 40 

13 40 

34 79 

$1 65 

$1 80 (6) 

1 33 

5 92 

$38 45 

28 38 

60 36 


(a) Prices as of Aug 2, 1937 (6) Estimated 


Colliery tracks* West \ a Coal & Coke Corp Cost per ft of 20-lb rail track on 3 by 5-in ties 
(1938) With wood ties rail, $0 368, spikes, $0 012, ties, $0 070. bolts, $0 006, splices, $0 020 
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Total $0,476 per it. With steel ties: rail, $0,363; splices, $0,020; ties, $0,200; bolts, $0,006. 
Total ^.504 per ft. Labor cost of 20>lb room aad entry track, about 10^ per ft; for bonding with 
2/0 bonds, 20^ per ft. 

8. TRACK AND CAR RESISTANCES (25-29) 

Tractive resistances comprise rolling resistance between rails and wheels, bearing or 
journal friction, inertia or resistances of starting and acceieration, and resistances due to 
grades, curves, and atmospheric friction. Coefficient of tractive resistance is commonly 
measured in terms of lb pull per ton gross load. 

Rolling rosigtanco factors are not well determined. Resistance does not increase proportionately 
to wheel loads, it depends greatly on condition of track and roadbed; perfectly uniform track 
eliminates most impact and oscillating resistances. Joubmal fbxotxon per ton is a minimum: 
(a) with heavy wheel loads; (6) with minimum diam axles and max diam wheels; (e) with oar 
speeds from 10 to 20 miles per hr for standard R R, and probably half that speed for mine equip* 
msnt; (d) with perfect lubrication; (s) with ball bearings. According to line-shaft tests by Thomas 
and l^urer (Arner Soo Mech Engrs), roller bearings consume 2.2 to 3 times the power of ball bear* 
ings, and babbitt bearings 3 to 4.5 times. Starunq bbsibtancb is usually 1.5 to 3 times the run* 
mng resistance; on dirty track, after long standing, or in cold weather, it may be 5 times as much. 
This peak load may be greatly reduced m train work by first backing and then picking \g;> the 
oars one by one; this is aided by spring couplers. Insbtia (resistance to acceleration) may be 
computed from P 70 (Fj* — Fi* + S, or P * 95.6 (Fi — Fi) + t; where P force, lb per 
ton, required to increase veloc from Fi to Ft miles per hr, in 3 ft or ^ seconds. If starting from rest, 
Fi -• 0. A good empirical formula (T. Robson) allowing for rotary acoel of wheeb is: P — 107 F; 
where F » increase per geo of gpeed m miles per hr. In R R service, V « 0.2 to 0.5. 

Track resistance. Baker’s tests on perfectly clean track gave 19 lb tractive resistance 
per ton, same track, coated with Vs-in fine dust, 28 lb; with ^/g-in powdered stone, 40 lb. 
Fies (38, p 769) reports coal cars slide with spragged wheels on damp steel rails on 12° 
pitch, so that wood rails are used in rooms of 12° pitch and over. 

Grade resistance » wt X sme of grade. For grades under 10%, there is no appre- 
ciable error in assuming grade resistance at 20 lb per ton of moving wt for each percent of 
grade. At 10%, the error is *h 1 lb. 

Gradient of equal traction b the grade at which the resbtanee of an asoending empty car is equal 
to that of a descending loaded oar. Drifts and adits should be driven at thb grade, unless drainage 
or other considerations prevent. Exceptions: In hand tramming with poor track or oars, it b 
wise to keep the grade 0.1 or 0.2% above that of equal traction, so that the loaded ear will move 
easily, and the trammer can give due attention to preventing derailmenta. With motor haulage, 
this grade may abo prevent overheating motors by light running in one direeiioa. Formula for 
grade of equal traction la, g — /A/ 4- (/—/') c + (A/ 4- 2 c), where g =» angle of grade in favor 
of load, M net wt of mineral, tons; c *■ wt of car, tons; / » ooeff of tractive reeistanoe for the 
loaded oar on level track; f » coeff for empty car. Table 7 shows that the difierence between 
/ and /' may be considerable. An approx formula for grade of equal traction, assuming / «- Z', b 
% grade - (/Af X 100) 4- (Af 4- 2 c). Practical determinations of / and / are scanty. Pte* 
vailing grades in important adits are 0.4 — 0.6%. 

Angle of roUiof friction. A/ » angle at which car will continue at rest or in uniform 
motion. Tan Af -• coeff of rolling friction of car ■» % grade of repose, and varies from 
below 1% for large rolier*bearing loaded cars on straight heavy rails to over 4% for plain 
bearings on straight wooden rails, and higher on curves. F. E. Brackett reports tests of a 
colliery car with loose 18-in wheels, wheel base 24 in, gage 42 in, wt loaded 6 400 lb. Grade 
of uniform gentle descent: on 4 by 4-in wood rails. A/ ■■ 4.23 to 4.35%; on wood rails, 
with 0.5 by 2.5-ia straps. A/ -> 1.83 to 2.03%; on ste^ T-rails, A/ ■» 1.62%. 

Angle of inertia, starting car or train from rest, Af -f* (107 F + IF), where 

V •« accel in miles per hr per sec and IF — gross moving wt, tons. Anox^b of slidinq 
FRICTION angle at which cars with brakes set or wheels spragged will continue to coast. 
On grease-covered rails it may be as low as 6 to 8% for loaded cars, while with clean rails, 
steel-tired wheels may hold above 14 % . It is usually unsafe to trust brakes alone on grades 
of over 6% on steel rails; on clean, dry, wooden rails, the coeff of friction is greater. 

Curve resistance for standard-gage track varies from 0.5 to 1.72 lb; generally taken as 
0.8 lb per ton per deg of curve. On short-radius curves used in narrow-gage tracks, the 
factor is variable and with worn wheel treads is considerably higher. Norris’s tests 
(Trans A I M E, Vol 18, p 514) showed 21 lb per ton friction due to curve for a single oar 
on 85-ft radius curve, and 7 lb per ton for a 20-car train moving at 1 000 ft per min on 
curve of 350-ft radius. For effect of flat and banked curves, with different car-wheel 
bearings, see Fig 515, also (26). 

Air resistance varies approx with end area and length of train, and the square of its 
veloo, aad is independent of train tonnage. It is usually unimportant in mine haul^, 
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but because of the piston effect of cars in small-section gangways, it should be taken as 
equivalent to a wind veloc double that of the train. With a 20-car train at 10 miles per hr, 
the total air resistance may be 50-100 lb. 

Coefficient of traction (ratio of draw-bar pull to wt of moving load kept in uniform 
motion on a straight level track = tan A/) may be obtained from Table 7 and Fig 51a 
These are the best available data, but conditions as to road-bed, track, diam, hardness 
and smoothness of wheel treads and lubrication are factors, so that for any given case the 
data must be applied only as approx, unless all conditions are as specified. 

Liebermann’a tests (Table 7), on Ilyatt-Hockensmith bearings, showed 48% saving. Coaldale 
CoUiery tests were with new equipment, 9-car tiains, on perfect surface track, starting effort 
determined on “ almost level track.” Greensburg tests were for 20-car trains, under working 

conditions The Virginia Iron, C'oal 
<k Coke Co’s tests, for 3 trips of 20 
cars with 3 1 tons coal each, haul 3 250 
ft, averaged: for trip with solid-hub 
wheel, 14.9 min, 21 0 kw-hr - 0.55 
kw-hr per coal-ton-mile; for trip with 
Whitney Wonder solid-roller bearings, 
7.5 min, 8.8 kw-hr == 0.23 kw-hr per 
coal-ton-mile = 50% saving in time 
and 58% in haulage power. Makers 
claim resistances as low as 9 lb per 
ton for roller-bearing mine cars, prob- 
ably under working conditions 15 to 
18 lb per ton on straight level track is 
often realized It is the practice of 
mine locomotiv'e builders to assume 30 
to 40 lb average resistance in mines 
unless otherwise advised. 


Tests at Pittsburgh Experiment 
Station, U S Bur Mines, on mine 
car friction are suniniarized in 
Fig 51a and 516 (27). Note that 
in Fig 516 tests were on 1 car of 
each type, under 3.5 ton gross load, 
using light oil lubrication for ball and roller beaiings, and semi-fluid grease for plain 
bearings; track, 42-in gage; curve, 16 ft rad, elev of banketl rail, 3 in. Differences 
shown are not wholly due to different bearings, but partly to variation in rolling friction. 
Results with truck A are significant in showing effect of rough wheels, as actual bearing 
friction is probably less for ball bearings than for any other. These tests were apparently 
not fair to ball-bearings. Tests reported from the Charbonnages de Mariemont, France, 



Fig 51a. Relative Friction for Different Wheel Diam, 
Compared with 18-in Diam (6) 


Table 7. Tractive Resistance of Mine Cars on Straight Level Track 


Type of car 

Wt, 

ton 

B< anngs 

Speed, 
ft per mm 

Coal mine, empty* . . 

1 12 

plain open 

starting 



” * . . . 

1 07 


1 000 



loaded* ... 

3 44 

“ “ 

*' 



empty* 

1 07 

41 41 

“ 



loaded* 

3 44 

44 44 

“ 



empty* ... 

1 21 

self oiled 

starling 



loaded* 

4.56 

“ “ 

" 



empty* 

1 21 

.4 <4 

i 000 



loaded* 

4 08 

“ 




“ t 

3 57 

“ “ 

492 



“ t 

“ 

flexible roller 

526 



“ ♦♦ 

7.00 

babbitted 

{ starting 
\ 380 



“ ** 


brass 

( starling 






1 450 

“ 


“ ♦♦ 


flexible roller 

f starting 
( 400 

“ 


“ ft 

3 57 

plain 

490 

“ 


“ tt 


flexible roller 

530 


Kcwi.stance, 
lb per ton 


89 20 
57 80 
66 40 
44 00 
39 00 
62 00 
49 00 
30 40 
38 60 


single 

car 

train 


24 30 tram 
12 79 “ 

129 0 “ 

16 75 ” 

81 10 ” 

7 4 ” 

55.0 •* 

3 9 " 

24 3 ** 

12 8 •• 


Ubig.-, 


ill 


42 


40 


♦Norris, Trans A I M E, Vol 18, p 514. f D®bermann, March, 1916, ♦♦Edwin I.udlow. 
Tests by Hyatt Roller Bearing Co at Coaldale Colliery, ft JMwm Ludlow. Tests at Gieensburg 
Colliery. 
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Table 7a. Relative Friction of Mine-car Bearings (25, 27, 29) 


Type 

Wt, 

cwt 

Bearings 

Speed, 
ft f>er mm 

Resistance 

ratio 

Wooden pit oar, empty 

4 5 

plain, poor lubrication 

150 

1 : 30 


“ good " 

150 

1 : 68 

“ “ . .... 

“ 

“ aver “ 

starting 

1 : 20 

Steel oar, empty 


self oiling 


1 : 60 


“ 

ball bearing 


1 : 135 


Wheels in these tests were 9-12-in diam, axles, 1 1/8-2 in. 


showed the economy of cars with ball-bearings over those with plain bearings, of 85% 
when loaded and 41% when empty. 

At the Big Five mine, Colo, the 
draw-bar pull of trucks, lb per ton, ^ 
were reported by SKF Mfg Co: so 
starting, straight track, plain bear- ^ 
ings, 77.80, ball-bearings, 34.33, 4 
miles per hr, straight track, plain 
bearings, 31 13, ball-bearings, 15.02; 20 

4 miles per hr on switch, plain bear- a jq 

ings, 37.75, ball-bearings, 18.43. ^ 

At the Cie de Mines de Courri^res g. 

(29) the tractive resistance of new « 
cars with roller-bearings was 13.4 to g oo 
20.2 lb per ton, compared with 27 to 
35.5 lb per ton of old cars with c, 
journal bearings. General conclu- S 
sions are plain-bearing, loose wheels, oo 
well worn, have 1.7 times aver fric- ^50 
tion of ball and roller bearings, at 

5 miles per hr, and 3 times when 
starting; for all types, 3 times greater 30 
on banked curves and 5 or 6 times 20 
on flat curves. Fig 52 gives resis- jq 
tance per ton of R R freight cars 
of different groas wt and at various ® 
speeds: also starting resistance of 
light, narrow'-gage locomotives and 

passenger cars. Starting re.sistance curves for freight cars should bo similar. 



Pig 62. Tractive Hesiatance of R R Equipment (Baldwin I^coomottve Worka) 
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of chutes must be exact multiple of length of car. 


9. HANDLING CARS, CAR DUMPS (31-34) 

Rapid handling of cars. For simultaneous loading op trains from chutes, spacing 

For switching cars in headings, 
replace track switch by horiz exten- 
sion bar close under roof, carrying 
an air-lift crawl. This hfts empties 
off the track, allowing loaded cars 
to pass; bar is quickly set and kept 
within 100 ft of face. See Sec 6. 

Car stops are usually required 
when dumping. Simplest stop for 
track ends on dumps and at ore 
pockets is a timber clamped across 
the rails. For small cars, a 1 by 
8-in plank, resting on the cross tim- 
ber and sloping back to the ties, acts 
as a brake engaging the axle and 
reducing impact. Safety stops arc 
advisable at shaft stations, besides 
the usual gates, to prevent cars from 
running into the shaft when cage is 
not at the landing. A simple stop 
is a horn, normally raised to engage 
the car axle or bumper. It is con- 
nected by crank arms and a rod to 
a tappet projecting into the cage 
compartment; spotting of the cage 
louvers the horn and allows car to pass 
onto cage. There are many more 
clalxirate mechanisms for spragging 
and feeding cars onto cages or tip- 
ples. Fig 52a shows a manual car 
spragger; Fig 526, an automatic 
eager in continuation wTth a cross- 
over dump, and with a cage, as made by the Car Dumper and Equipment Co, 

Car dumps (32, 33). Bottom-dump and gable-bottom cars re<iuiro only a projecting 
door latch for dumping at bin, chute or station; they aie automatically tripped by an 
inclined guide, which lifts the latch as car passes. Cars with doors, and liodies hinged to 
the truck, rarely need a dumping device; but if the mineral is sticky or frozen, an anchor 
rope should be hooked on at 
the dump to prevent overturn- 
ing. Rigid-body cars require 
some external device to dump. 

Simple track dumps are used 
with cars like those in Fig 2, 

4, 7, 8, for dumping into pock- 
ets and skips. Cradle, horn, 

OR kick-back dumps (Fig 52c) 
are homed track ends, so piv- 
oted that loaded car striking the 
horns tilts the track section and 
is thus emptied. Automatic 
forms have springs to assist the 
returning dump to kick back 
the empty car. Cross-over 
dumps (Fig 526, 52d) are an 
improvement, as cars continue 
across the dump after emptying, and are handled quicker. They are essentially see- 
saws, heavier than the empty car on entering side and lighter than the loaded. Track 
is down grade through the dump, or the empty is bumped on past the dump by the 
following loaded car. Many designs are made; used almost exclusively by collieries. 
Rotary dumps are suited to doorless rigid-body cars and, rotating parallel to the track, 
can dump one car, or, made in multiples, a whole train simultaneously. They are 



Fig 52a. 


KkSsZ 
Car Spragger 



AvtumaUe Cagtr. v<itb HoisUngCago 
Fig 526. Automatic Cagors 
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operated by gravity, hand or power. By shields and aprons, the mineral may be dis- 
charged with sliding contact and minimum of dusting and breakage, especially attractive 
in coal handling. One to 4-car dumps are now 
common in coal and metal mining. Fig 52e 
shows a simple type for 1 car. Other de- 
signs are available, as that of Pittsburgh 
Coal Washer Co. 

Examples. Miami minx. Trains of 25-30 
gable-bottom, 86-cu ft cars run over 1 000-ton ore 
pockets and dump without ctop, train speed, about 
2 miles per hr while dumping (R. W. Hughes). 

Inspiration copper mine. Trains of 20 box- 
body, 120-cu ft cars dump in o-car rotary tipples, 

at 2 shafts. Tipples are revolved in 15 sec by . , . , 

35-hp motor. At Live Oak shaft, a 6-car air- Fig 52c. Cradle or Kick-back Dumps 
operated tipple was replaced by using 3.4-ton 

side-dump cars, with a bridge over ore pocket (42). Snowden Coke Co, Pa, has a 26-car rotary 
dump, 120 ft long, and H. C. Frick Co, one for 35 cars, 400 ft long, weighing 150 tons; dumping 
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130-150 ton of ooal; net wt of 35 oars, 60 ton; both made by Car Dumper and Ekiuipment Co. 
Hollxxgiib Mimino Co uses 3 types of car: (a) d-ton solid-body, dumped by rotary air-operated 
tipples of 2 kinds, one dumping 4 cars at once, the other, single oars, self-feeding and operated 
by an air-lift which pushes a train through; (b) 3-ton rectangular side-dump oars, operated by air 
jack (Fig 176); (c) 26-cu ft V-type, rocker bottom side dump cars. Track is 18-in gage, with 
15 ft min curve, and 36-in gage with 30-ft minimum curve; 35-lb rails on main haulage line and 
20-lb in side headings (A. G. Irving, 1938). 

Mechanical mucking and loading, which have become important in recent years, is a 
subject related to underground transport on the one hand and to methods of mining on 
the other. For details, see Sec 10, 27. 


10. HAND TRAMMING (30-34) 

Strength of trammer. A man pushing a car can readily exert about 20 lb aver hori* 
push; with frequent intervals of rest, about 50 lb; when starting, or on short spurts, over 
150 lb. His useful output will depend on weight and capacity of car, which in turn are 
limited by character of car bearings, track, and gradients, to such amounts that the total 
resistances will not seriously exceed the above figures. Tramming duty with 18-cu ft cars, 
on 18-in gage aver mine track, varies from 0.8 to 1.4 min per ton per 100 ft; or approx one 
useful ton-mile per hr, minus loading and dumping time. The duty varies directly as the 
unit load and length of tram, and inversely as the time per cycle (Art 1). Assume a 
900-lb car with plain bearings, capacity 1 800 lb, having 1.5% loaded and 2% empty 
tractive resistance, starting factor 3, grade in favor of load 0.625%; then the starting 
resistance will be 104 lb, and running resistance 23.6 lb for the loaded car, as against 
48 lb and 23.6 lb respectively returning empty. When traveling at 2.25 miles per hr, the 
output per trammer using tWs car is at the rate of 8.1 useful ton-miles per 8 hr. Using a 
dustproof, roller-bearing car on straight, clean, perfect track with 0.3125% grade, the 
tractive resistance should be about 0.75% loaded and 1% empty. Hence a gross wt of 
5 394 lb, or 3 600 lb of mineral, would be handled with the same exertion, and the tram- 
ming output would be at rate of 16.3 useful ton-miles per 8 hr. Such figures are practicable 
with perfect equipment. Certain southwestern copper mines have installed 30-cu ft cars 
for partial hand tramming. 

Loading and dumping costs are frequently included in tramming charges, but, to 
compare transport methods, they should be kept separate. For loading from chutes 
and delivering to a shaft station, under best conditions, the aver delays at terminals 
through the shift will be not less than 4 min per round trip. On this basis with an 1 890-1 b 
load 1 man can tram 32 cars 1 000 ft, or 90 cars 100 ft in 7.5 hr actual work, and his output 
will be 5.5 and 1.7 useful ton-miles respectively. With chutes stopped by bridging or 
jammed gates, or cars blocked by spill, derailment, ore shortage, or repair work, the output 
may be reduced to the vanishing point. Loading by shoveling. When loading inter- 
mittently, good shovelers working under contract will handle up to 4 tons per hr from 
steel plates into low, open-end cars, or 2 tons from a rough floor into buckets or revolving 
dump cars. Aver performance when tramming 200 to 1 000 ft is from 10 to 20 tons per 
shift. Aver daily duty of contract shovelers in the Missouri lead districts is (H. A. Guess) 
18 tons, while Higgins estimates 22 tons. Mucking costs for all kinds of work usually 
run much higher on day’s pay basis, or with irregular supply of ore or cars. On basis of 
loading at rate of 3 tons per hr, the duty of a man with the 1 800-lb car load would be: 
loading and tramming 19 cars 100 ft « 0.32 ore-ton-miles, or 14 cars 1 000 ft “ 2.39 
ore-ton-miles per shift. If trammers or shovelers have t<j> help miners place timbers, or 
lay track or shoveling plates, their tramming output will ho proportionately reduced. 

Examples. In Michigan copper mines tramming is usually done on the task or minimum- 
wage and bonus systems, and includes loading by shoveling and handling lumps from Hoor or foot- 
wall into large, low, open-end oars, and tramming by 2 men to shaft station. According to 
J. MacNaught<m (1913), the distance trammed at 11 properties varied from 171 to 900 ft, averaging 
609 ft. Output per man-shift was 12.12 to 19.48 tons, averaging 14.76, and the ore-ton-milee per 
man-shift, including loading, was 0.47 to 2.38, or 1.676 aver. In loading from chutes into the cars 
shown in Fig 4 (Art 3), the duty of 2 men tramming 600 ft is 6 to 9 ore-ton-miles ; when shovel- 
loading in drifts, 10 oars or 3 ton-miles. The standard in many Butte mines is 15 cars per shift 
to be shovel-loaded and trammed not over 100 ft in drifting work, and approx 50 cars when loading 
from chutes. Cars aver 1 600 to 1 700 lb rook, or I 700 to 2 000 lb ore. At the Rat Consol mine, 
Aris, on tramming drifts, the aver duty for a distance of 25 to 30 ft is 76 to 100 1-ton oars per man- 
shift, with bonus of 3 to 4^ per oar over 50 oars. On a motor level in same mine, a gang of men 
loaded from chutes 160 tons per man into 6-ton oars in 8 hr (Trans A I M E, Vol 62). In Pobtlano 
MINE, Cripple Creek, Col, tramming 9 426 tons ore and waste from I^ stotie 330 to 630 ft to shaft 
or waste chute coet 15.4^ per ton, or $1,568 per ton-mile; duty was about 2.2 ton-miles per trammer 
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shift. In the Captain stops, 35 365 tons ore and waste were trammed an aver of 975 ft, at cost of 
12.48^ per ton, or 98<i per ton-mile, or 3.2 ton-miles per shift. Utah Copper (1915, Carnahan). In 
loading 1-ton cars from chutes and tramming 90 ft aver to a raise, 2 men handled 65 ton per shift. 


11. ANIMAL HAULAGE (35 to 38) 

Duty. Mules and horses at underground work travel 3 to 16 miles per shift. With 
enough cars, and grades not over 2% against the empties, they often average 7 to 12 miles 
on main haulage lines, and usually below 9 miles on gathering work. Many records show 
duties from 50 to 100 gross ton-miles (total loaded and empty haul) per animal, or 25 to 
66 mineral-ton-miles per shift. To justify animal haulage as against tramming, a mini- 
mum of about 15 mineral-ton-miles should be done on a given level or entry per shift, 
unless there are adverse grades. The economy of animal haulage increases with tonnage. 
Using tandem or spike teams, and longer trains, increases effic of both animals and drivers, 
though more cars and longer sidings are required. For duties below 20()-mineral-ton- 
miles per day on grades less than 1.25%, it has been claimed that no mechanical system 
can compete in economy with animal haulage using a string team of four. The exact 
dividing Ime depends upon local conditions, and costs of labor, power, and feed. 

Cost of animals. Good mules cost $15(>-$300 (pre-war), depending on wt, age, and general 
condition. Their underground working hfe in the U S is 3-7 yr. 

Horses and ponies used m English collieries average 7 to 10 yr. It is false economy to keep an 
animal in the mine after it has begun to deteriorate. It should still be worth $40 to $75 for surface 
use. An annual deprec of 20% of hrst cost should prove conservative. 

Cost of feed per day for mules vanes from 18< in farming regions to 50^ in cities, and correspond- 
ingly more in isolated mining districts. Shoeing and medicine average $1 to $2 per month, interest 
and deprec on mule and harness $35 to $80 per year; hence, when stable attendance and full time 
maintenance are charged against working time, mule service per working days costs 604 to $1.25, 
exclusive of driver and stable rental, vhen working 6 days per week, except for reduced use of feed 
when idle, the cost will be proportionately higher when time is lost by illness or shut-down. 

Feeding (35-38). Horses will dangerously overfeed if permitted, especially when 
idle. Feed them no more than they will hnish at a meal, as damp grain left in feed boxes 
ferments, causing illness. For same reason, and because of fire hazard, not more than 
S-days’ feed supply should be taken underground at one time. .Allowance of hay for 
work horses should generally be not over 1 to 1.5 ib per 100 lb live wt. Horses of 1 200- 
1 300 lb, have worked hard for 8 months on 8 lb hay per head per day, plus sufficient 
allowance of grain (Morrison). 

Ration should vary with the condition, weight, and work of the animal. Table 8 ipves the 
ratio of protein to other food fuels for the important U 8 feed stuffs. Table 9 gives quantities ol 
the various digeatibles required, per 100 lb live wt of animal when idle, and at different kinds of work. 
With these tables and local prices of feed, the most economic balanced ration can be calculated, 
just as metallurgical furnace charges are determined. To provide the proper bulk, about 10 to 18 lb 
of the daily feed should be concentrates, the remainder roughage, the proportion and quantity of 
roughage decreasing and of concentrates increasing with the severity of work. Most of the roughage 
should be fed at night, and 1/2 to 2/3 of the concentrates in the morning. The mineral requirements 
take care of themselves for animals not in foal, except that about 0.25 lb salt should be supplied 
weekly. On Saturday nights, or when the animad is to be laid off, replace gram by bran and rough- 
age. Regularity in drinking is more important than the time. A thirsty animal will not feed 
well, and it is better to allow it to drink moderately before feeding and again after. 

Care (30). Most animals will respond to good treatment, and will make the best average if not 
over-pushed. A “ bad mule is often made so by abuse 

Some animals are not intelligent or quick-footed enough, or are too nervous or high-strimg for 
mine work, and purchases should be made with a trial option clause. Stable boss, not the drivers, 
should do the feeding; he should inspect animals coming off shift, report cases of abuse, and see 
that harrifss fits well and is kept clean. Especial care should be taken of the feet, and outs and 
sores should be given antiseptic dressing (21). Underground stables are always drafty, and sweaty 
animals should be blanketed until dry. For bedding, 100 lb straw or 350 lb sawdust per month 
per animal are reasonable allowances. 

Underground stables (36) must be well ventilated; a separate split with direct return 
to the upcast is requireil by law in most coal mining states. Stalls should be dry, not less 
than 6 by 10 ft, with not more than 2 in grade to the rear for drainage, and little or no 
cross grade. There should be a passageway both behind and in front of stalls for handling 
supplies and refuse, and a raised platform for feed storage. Roof over stalls and feed 
storage should be watertight. There should bo a pressure water supply; tracks should 
be flush wiHi floor, and partitions raised above it. so that the whole floor may be hosed out 
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Table 8. Average Digestible Nutrients in 100 Lb of Typical Feeding Stuffs * 


Feeding stuff 

Total 

dry 

matter, 

lb 

Digestible 

crude 

protein, 

lb 

Total 

digestible 

nutrients, 

lb 

Nutritive 

ratio, 

I : — 

Wt 

per bushel, 
lb 

Concentrates 






Dent corn 

89.5 

7 5 

85.7 

to 4 

56 

Oats 

90.8 

9 7 

70 4 

6.3 

32 

Wheat 

89 8 

9.2 

80 1 

7 7 

60 

Barley 

90 7 

9 0 

79 4 

7 8 

48 

Kafir 

88.2 

9 0 

80 0 

7 9 

56 

Linseed meal . . 

90 9 

30 2 

77 9 

1 6 

35 

Cottonseed meal, choice 

92 5 

37 0 

78 2 

1 1 

48 

Wheat bran 

89 9 

12 5 

60 9 

3 9 

16 

Dried brewers’ grains 

92 5 

21 5 

65 7 

2 1 

19 

Field peas 

90 8 

19 0 

76 2 

3 0 

67 

Roughages 






Corn fodder, medium dried 

81 7 

3 0 

53 7 

16.9 


Corn stover, medium 

81 0 

2 1 

46 1 

21 0 


Timothy hay 

88 4 

3 0 

48 5 

15 2 


Prairie hay 

93 5 

4 0 

47 9 

It 0 


Alfalfa hay 

91 4 

10 6 

51 6 

3 9 


Red clover hay 

1 87 1 

7 6 

50 9 

5 7 


Oat straw 

88 5 

1 0 

45 6 

44 6 


Green dent corn fodder, glazed .... 

26 2 

1 1 

17 8 

15.2 


Green alfalfa 

25 3 

3 3 

14 6 

3 4 


Corn silage, well-matured . . 

26 3 

1 1 

17 7 

15 t 



♦Abridged from Henry and JMomson, "Feede and Feeding,” 1919. 


Table 9. Modified Wolff-Lehmann Standards for Work Horses or Mules 

(Henry and Morrison) 



Daily per 100 lb live weight 

Nutritive 

ratio 

Dry matter, 
lb 

Digestible crude 
protein, lb 

Total digestible 
nutrients, lb 

Idle 

15-18 

0 8-10 

7 (y- 9.0 

1 : 8 0 to 1 : 9 0 

Light w'ork 

15-22 

1 1-1 4 

10 0-13 1 

1 ; 8 0 to 1 : 8 5 

Medium work 

16-24 

1 4-1 7 

12.8-15 6 

1 : 7 8 to 1 : 8 3 

Heavy work 

18-26 

2 0-2 2 

15 9-19 5 

1 : 7 0 to 1 . 8 0 


Horses vs mules. Mules average smaller, require less headroom, endure heat and 
neglect better, and are less liable to foot lameness than horses. They will eat roughages 
which horses refuse, but are less apt to overeat, and hence less subject to colic or founder. 
Horses are heavier, better built draft animals than mules, average more reliable, haul 
larger loads, and require little or no more feed per 100 lb live wt than mules on similar 
work. They are more spirited than mules, and a nervous horse is apt to rear and injure 
his head against roof. Mules are more generally used underground than horses, but, 
where haulage ways are large enough and the duty sufficient for heavy horses, the advan- 
tages of mules are debatable, and where there is headroom many coal operators now use 
large horses in preference to mules. 

Examples. According to the Illinois >State Co-operative Reports for 1014, 1 100-lb mules costing 
$175 to $275, used for gathering colliery cars for locomotive haulage, are worked at high speed, and 
the underground working life has been reduced to 3 years, the mules then selling at about $40. 
Cost of feed, shoeing and harness repair is 75(1 to $1 per day. In the best managed mines, cost of 
feeding mules with corn @ 60(1 per 100 lb and hay ^ $16 per ton averages $10 per month, some 
exceeding $14 per month. At one mine, 1 300-lb mules haul 75 loaded tripe 700 ft on 2% grade in 
favor of the load. Each trip consists of 4 t 000-lb cars, with 3 500 lb coal each, or 18 000 lb gross. 
Gross daily ton-mileage per mule is 64.67, or 34.80 coal-ton-miles, equivalent to about 10(1 per coal- 
ton-mile. At another mine, 1 mule on gathering work on 0.5% favorable grades, hauls a trip of 
3 oars 1 000 ft, with a duty of 24.43 coal-ton-miles, total cost being 17.6< per coal-ton-mile. At 
another mine, with 2% favorable grade, a 3-mule spike-team handles a trip of 17 1 800-lb cars, each 
holding 2 100 lb coal, or 22 100 lb gross per mule, corresponding to a tractive effort on the return 
trip of at least 300 lb per mule. 

In Alabama-Tennessee mines, aver for 500 mules in 6 mines: feed and care, 34.0(1 per mule; 
int on cost, 3.3^; deprec, 7.0^; total, 45.2^ per day; working 276 days 59.8^ per workmg day. 
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Shoeing and harness 3 to (aver 4.3^) and drivers $1,762 per working day. Aver duty 3.9 to 33.2 
net ton-miles per mule, as follows: 


Haul, 

mile 

Ton-miles per mule 

Gait per net 
ton-mile, 
cents 

Conditions 

Gross 

Net 

0 32 

12 4 

6 9 

35 7 

Unfavorable 

0 37 

24 8 

13 8 

17 9 

Aver 

0.78 

41 8 

23 0 

10 7 

Best 

0 64 

35 5 

21 4 

11 5 

Aver 


In a Somerset Co, Pa, colliery, following haulage costs were reported: feed, harness, and shoeing 
for 10 mules, $6 per day, deprec, 20% per annum, 24 days per month, on $2()0, $1.38; 8 drivers at 
$2.25, $18, int on investment at 6%, $0.41, total, $25.79. The haul was 2 640 ft down a max 
grade of 2.5% and against empties 5%; aver duty, 400 tons per working day or 12.9^ per coal-ton- 
rnile. Total daily cost per mule on gathering work, $3.17 to $3.28, or 2.2 to 2.6^ per ton. 

In West Va, for 211 000 ton handled in 1 year, on 0.75 to 2% grades, aver haul 1 300 ft, aver 
travel 6 miles per day: drivers, $8 169; keep of 16 mules, $2 302; deprec, $392.50; killed, $400; 
int 6% on $3 020 value of 16 mules, $181.20, aver cost per ton, 5.496^, or 22.324^ per coal-ton-mile. 

At Butte, Mont (1922), a good mine horse costs $100-$150, harness $35, collar $8, and should be 
shod monthly if worked daily. Cost per day; shoeing at $3 per month, 10^; stable boss for 12 
horses, 50^; feed, 50^, total, $1.10 per horse. 

Feeding mules at metal mines (35, 38); aver for 14 mules, pulling 2 16-cu ft cars, 11 mile per 
shift, aver tram, 1 000 ft. Per mule per mo. hay, 440 lb, oats, 5 bu; corn, 2 bu. Aver for 22 
mules, aver tram, 1 450 ft, with grades and curves, 645 lb hay, 9.1 bu oats, 3 bu corn per mule 
per mo. 

At an Idaho silver-lead mine, mule haulage with 1 800-lb cars; 2 5001b ore, grade Sin per 100 ft 
m favor of load, and aver distance 1 400 ft, cost 16.5^ per ton for labor, and for supplies, feed 
and harneas, or 66^ per ore-ton-mile, exclusive of int and deprec. 


12. LOCOMOTIVE HAULAGE (39-49) 

Motive power. Steam and internal-combustion locomotives are independent; com- 
pressed air and storage-battery types require intermittent, and trolley, constant connection 
to outside sources of power. For special service, trolley and storage-battery, or adhesion 
and rack-rail drives, are combined m a single locomotive. Conditions. Locomotive 
haulage is justified at mines with easy track giades and large output. Compared with 
hand tramming or animal haulage, the high speed, large tonnage per trip and few men 
reiiuired, may balance the larger interest and deprec charge on instaUation. Compared 
with rojie haulage, especially if there are branches or many curves, it is more flexible, and 
oa.sier to extend and maintain. It re<iuires less headroom, but hea\der rails and easier 
curves (.Vrt 0), than animal haulage and can not compete with it in thick seams on daily 
output of less than alxmt 175 net ton-miles on grades below 1.25%, or with rope haulage 
on grades averaging over 4% against oi 5% m favor of loads. Short grades, that can be 
taken by momentum, may be 1 to 3% steeper. Geared locomotives can work up to 
12% grmles m gathering cars. 

Hauling capacity of a locomotive is determined by its draw-bar pull, speed, smd the 
resistance per ton of loaded cars. If it has enough power to make its driving wheels slip, 


Table 10. Approx Coeff of Adhesion (Baldwin Locomotive Works, 43) 


Condition of rails 

Chille<l C-I 'wheels 

Steel-tired wheels 

Without sand 

With sand 

Without sand 

With sand 

Covered dry snow 

0 iO 

0. 15 

0. 10 

0. 15 

Covered with Blc<'t 

0 15 

0 20 

0.15 

0.20 

Greasy, moist 

0 15 

0.25 

0.15 

0.25 

Outdoor, moist . 

0 18 

0 22 

0. 18 

0.22 

Thtiroughly wet, clean 

0 20 

0.25 

0.25 

0.31 

Clean, dry . .... 

Best condition, max values 

0 20 

0 25 to 0.30 

0 38 to 0 42 

0.25 

0 31 to 0 37 

0 47 to 0.52 


its max drawbar pull is limited by the adhesion of driving wheels to the rails. Cobpp 
OF ADHESION is the tractive force required to slip drivers wt on drivers. Table 10 gives 
approx values for mine locomotives. Makers’ tables are usually based on 20 and 26% 
adhesion, and 20 to 40 lb per ton resistance for train on the level. 
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General formulas applicable to all types of adheeioa locomotives: Let A » coeff oi 
adhesion, C «■ force required to move complete tram, including locomotive, lb, £) » 
drawbar pull, lb, E ** fric resistance of locomotive, lb, F » fric resistance of tram, lb 
per ton, G ** grade resistance, lb per ton, H = dynamometer or drawbar hp of loco- 
motive, L wt of locomotive on drivers, tons, S *■ speed, miles per hr, T =» gross wt 
of tram, tons Then 

D -- TiF±G) (1) C - D 4- ± (L X GO (3) 

L ^ D (2 000 A - G) (2) H == D X S S75 (4) 

Total dynamometer hp-hr for M miles, @ aver drawbar pull D, « DM -h 375 (5) 

From (1) and (2), T « L (2 000 A - G) -r (F -h G) (6) 

Effect of grade on locomotive capacity Assuming a max tractive effort on the level of 
25% of wt on drivers in Eq (6), then locomotives can move per ton wt on drivers the gross 
tram tons given m Table 1 1 Multiply these weights by tonnage on drivers for the loco- 
motive under consideration, and for satisfactory nmmng deduct approx 25% from the total 
to allow for acceleration and contingencies For greatest effic m power haulage, the 
grade should be that of equal traction (4, 5) (Art 8) The rapid loss m effic with increasing 
grades makes the economic grade limit for locomotives usually below 3% There is also 
habihty of runaway accidents on steeper grades 

Table 11 Tons Hauled per Ton on Drivers, Besides Wt of Locomotive, when Drawbar 
Pull on Level = 26% of Wt on Drivers 


Resistance of trip, lb per ton 

10 

15 

20 

25 

30 

40 

Factor for 
D«0 2L 

On level track 

50 0 

33 0 



16 6 

12 5 


Up 0 5% grade 

24 5 

19 6 

16 J 


12 2 

9 8 

0 79 

“ 1% 

16 0 

13 7 



9 6 

8 0 

0 79 

“ 2% 

9 2 

8 4 

7 6 

7 1 

6 6 

5 7 

0 78 

“ 3% “ j 

6 3 

5 9 

5 5 

5 2 

4 9 

4 4 

0 77 

“ 4% “ I 

4 6 

4 4 

4 2 


3 8 

3 5 

0 76 

“ 5% “ 1 

3 6 

3 4 

3 3 

3 2 

3 1 

2 8 

0 75 


2 9 

2 8 

2 7 

2 6 

2 5 

2 3 

0 74 


Rack-rail locomotives have much better efl5c on grades than others, because the draw-bar pull 
with ordinary drivers can not exceed the adheeion, and while the power output of a locomotive, 
D X S, IB not constant for varying speeds, the rack-rail type, being geared to the track, can, by 
decreasing S, increase D above the adhesion limit, or for a given value of D can decrease locomotive 
wt below the adhesion requirement Hack rail is advantageous on long moderate grades, or in 
rolling seams, it is the only practical type on grades over about 6%, and can be safely but not 
economically used up to 15 or 16% These locomotives are little used Rope haulage is their 
alternative 

13. STEAM LOCOMOTIVES (43) 

Steam locomotives are usually impossible underground because of their exhaust gases and vapor, 
but may be used in adit mines having large entries and abundant ventilation (hi burners are 
preferred to coal burners, because of better control of combustion Theoretical max tractive 
FORCE of a steam locomotive is C’ =» (cP X f X p X H) + W (7), where, d ■* diam cyls, in 

1 « stroke, in, B =« boiler press, lb, W « diam driving wheels, in p » 0 8^ for simple, 0 6 for 
cross-compound, or 1 2 for Mallet compound engines, d being for high-prcsa cyls Substitute for C 
Its value from Eq (3) m Eq (7), Art 12, to determme siiee of cyls and drivers Mackini friction 
E ** loss between cyls and draw-bar, it mcreases vnth the ihp, but its ratio decreases with increasing 
load Tests on a consolidation locomotive show E * 10% of ihp with heav> load and 22%, %\ith 
light (Bull 82, lU Exp Sta) 

Fuel and steam consumption of simple R R locomotives aver approx 4 5 to S lb coni, or 2 to 5 lb 
fuel oil and 27 to 32 lb water per hp-hr Superheaters save approx 5 or 6%, for every 110° super- 
heat Compounding saves 10 to 20% over simple engine, if in good condition, but advantage may 
be more than balanced by poor repair The overall consumption of locomotives, including sto()8 
and roundhouse delays, is approx 50 to 100% more than above figures 

Examples State Coal Reports of Pa (1012) showed 45 steam locomotives underground m 
anthracite and 5 m bituminous mines Many were oil burning and some were being converted 
from coal to oil 

On Mesabi iron range, 25 6-whecl switch locomotives, with 62 tons on drivers, were used in 
stnpping ore Following are aver results for 3 yr round trip, 4 5 miles, grade against loads, 

2 25%, trams, 4 16-cu yd 49 OOO-lb cars - 90 tons material per trip, 18 trips per double shift 
handled 12 563 gross or 3 645 net ton-miles Daily cost of operation per engine coal, 6 tons, 
water, 48 tons, oil, 5 32 pints , grease, 4 ox, waste, 1 lb, wages (engineer, fireman, and brakeman), 
$9 95 per shift, locomotive maintenance, $50 to $70 per month, and $900 per year for tires, boiler, 
machinery, and painting 
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14. GASOLENE LOCOMOTIVES 

Gasolene locomotives have the flexibility of steam locomotives in radius of travel, 
and for mining work are geared for speeds of 3 to 12 miles per hr. They have no open 
fire, consume no fuel when idle, and are less dangerous than steam engines in gaseous 
mines. The exhaust gases and cost of gasolene are the limiting factors in competing with 
other types. The max volume of CO produced when feeding gasolene to the explodible 
limit is 5.75% of the piston displacement, and, under the worst conditions of carburation, 
13.5% of the exhaust gases are CO as against 4 to 6% normally. CO should be diluted 
by 2 000 volumes air for continued breathing and should never exceed 0.01%. Hood 
tWefore concludes that gasolene locomotives require from 7 840 cu ft of air per min for 
4-cyl, 5 by 5-in motors, to 35 140 cu ft per min for 6-cyl, 8 by 7-in motors, to maintain the 
0.01% dilution. Stopping in dead air, or traveling with the air current or behind a motor, 
may be dangerous. The exhaust should be washed and cooled by passing through a spray 
deodorizer before discharging, which does not, however, eliminate any of the CO. Size of 
motor should be limited by the available air current. Precautions should be taken against 
leakage at the carburetor and when charging tanks. 

Rating of the Assoc Licensed Automobile Manfrs for gasolene motors is: brake 
hp a® (Pn 2.5, where d = diam cyl, in; n = numl>er of cyls, with piston speed assumed 
at t 000 ft per min. This formula is conservative for automobile motors, but the simple 
carburetor unfortunately used in many mine locomotives makes them less efficient than 

Table 12. Gasolene Locomotives * 


Wt, 

Cylinders 

Draw-bar 

Wheels, in 

Speed, 

Overall dimen, in 

Price, 

ton 

pull, lb 

Diam 

Base 

miles per hr 

Length 

Width 

Height 

factory 

2 5 

3 5 

41 / 4 X 5 1/2 

1 500 

24 

36 

4 and 8 

113 

44 

62 

$l 250 (1914) 

4 

1 600 

16 

36 

4 

• 8 

120 

48 

40 


5 

5X6 

2 250 

18 

42 

3 5 

• 7 

144 

50 

46 

3 500 (1916) 

6 


2 400 

18 


4 

• 8 

132 

48 

46 


7 

51/2 X *7 

2 600 

30 ! 

48 

4 

‘ 8 

146 

54 

72 

3 500 (1915) 

8 

7X6 

3 200 

20 i 

50 

4 3 

• 8 5 

180 

60 

48 

5 000 (1916) 

10 


4 000 

22 

48 

5 

‘ 10 

150 

56 

50 

12 

8X7 ' ! 

4 800 

24 

51 

5 

• 10 

156 

56 

52 

4 500’(l9r5) 

15 


6 000 i 

25 

54 

6 

• 12 

171 

60 

54 



* Baldwin, Milwaukee, Vulcan and Whitcomb, 4-cyI, 4-cycIe engines. 


good automobile motors. The uncertainty of the products of combustion of lower distil- 
lates or fuel oils prohibits their use for underground locomotives. Makers claim fuel 
consumption U> he 0 I gal giisoleno per hp-hr. Hood’s tests (Bureau of Mines, Bull 74) 
show 0.73 to 1.2 lb gasolene per brake hp-hr for full load and full speed, 1.2 to 2.2 at half 
load and half speed, and 3.5 to over 6.0 lb at one-eighth load and half speed. 

Examples. Hmhter Coal & Coke Co, Lost Creek, W Va. 6-ton Vulcan locomotive; 25-lb 
rails, undulating grades of 1 to 2.5%, sharp curves, trams, 12 cars, each 0.6 ton empty, 3 tons 
loaded, haul, I SOO ft one way; output, 23 trains = 687 tons per 9-hr day. Operating coet: 

1 motorman, $2 .>0, coupler, $2.00, 10 gal gasolene, $1.60, oil, $0.30; total, $6.40 per day ■* 0.93^ 
per ton or 2.72(t per coal-ton mile, to which add repairs, deprec, and int. 

Herl>«rt mine, I’a ^Coal Age, Vol 8, p 415). .5-ton Milwaukee locomotive, 44-in gage; 400 cars, 
wt 2 000 lb, coal 4 IKK) lb, daily output -= 2 X car capacity. Operating cost per motor per day: 

2 men, $5 35, 11 gal gasolene, $1.32, oil and waste, $0.11; total, $6.78 for 500 tons coal hauled 

2 700 to 3 (KK) ft, sliowmg saving of $S 64 per day over horse haulage. 

yinnnston, W \ a. 6-ton Whitcomb locomotives; 25-lb roils; 36-in gage; 20 tripe of 17 cars 
each, gross 52.6 tons; haul 3 100 ft. Cost per month of 10-hr days: gasolene, 629 gal; oil and 
waste, $10.99. Aver coet per ton for year 1914- labor, 1.44f*; gasolene, 0.66^; oil, O.OSff; repairs, 
0.40^1, total, 2.58^ per ton “ 4.92^ per coal-ton-milc. 

Shade Coal Co, Pa. 7'ton, 4 l-in cyls, 4-cvcle Milwaukee locomotive, 36-in gage; 30-lb rails; haul, 

3 4(K) ft one way, max grade, 6% in favor of loads, 6% against empties, aver 2% and 2.2% respec- 
tively, daily output, 375 tons. Cost: motorman and trip tender @ $2,75, $5.50; 16 gal gasolene 
^ 15.5|f, $2.48; oil, grease, and waste, $0.41. repairs @ $35.81 per month, $1.50; int and deprec 

l6Co per annum, $1.94; total cost per day, $11.83; cost per ton, 3.15^, or per ton-mile, 3.79^ 
Under similar conditions, but hauling only 145 tons per day, so that equipment was idle about 40% 
of total woiking time, cost was 11.73^ per ton-mile. 

Eagle Mining Co, Canton, III. 5-ton Milwaukee locomotive, 36-in gage, hauls 20 to 22 cars; 
loaded wt, 3 500 lb each; train is split at a 3% grade against loads near shaft; duty, 500 tons per 
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8-hr day; round trip, 6 000 ft or 284 coal-ton-miles. 'Operating cost, including runner, trip rider, 
gasolene, oil, and grease “ $7.25 per day «■ 2.6^ per ton-mile. 

Shiloh, 111. 6-ton Whitcomb locomotives; 42-in gage; 20-lb rails; 0.5% grade in favor of load. 
Duty per motor per 8-hr day, 36 trips of 16 cars “ 42.4 tons gross, 8 tons empty, haul, 2 436 ft. 
Cost per motor per mo of 110 working hr: gasolene, 194 gal, $25.05; oil, waste, and repairs, $11.46; 
2 men, $85.52; total, $122.03 =* l.Sji per coal-ton mile (approx). 

Cleveland Co, Wis, zinc mine. 4-ton Whitcomb locomotive; tonnage (1913), 123 150; total 
distance traveled, 6 970 miles; cost, labor, supplies, and maintenance, 2.0ff per ton. 

Trojan Co, S D. 7-ton Milwaukee locomotive; 18-in gage, wet track; 4% grade in favor of 
loads; bad curves limiting return to 8-car trips. Cost for 25 days: engineer, $106.50; gasolene, 
382 gal; engine oil, 16 gal; lubricating oil, 10 gal, total, $76.97. Total miles, 612, ton-miles, 
8 516; cost per ton-mile, 2.2^1 not including mt or repairs. 

Huerfano Co, Colo. 6-ton locomotive, 15-car trips, of 41.25 tons gross; 3 000-ft haul; max 
grade, 5.5%, using engine plane to pull locomotive and train. Cost, 4.94^^ per coal-ton-mile. 

Joplin, Mo. 6-ton gasolene loco was most popular for long hauls. Cost, 4 mo, 1917, for 1 750 ft, 
7i per ton; against mule haulage, 700 ft, 4.58^. 

Ill coal mines, 1921, used 18 gasolene locos on main haulage. 


16. COMPRESSED-AIR LOCOMOTIVES (44, 45) 

Characteristics. They carry their own power supply, are flexible in operation within 
the radius of travel from charging stations for which they are designed, require no fire, 
do not spark nor emit noxious exhaust, but aid ventilation, and are the safest type for 
gaseous, dry timbered, or poorly ventilated workings, inflammable buildings, or maga- 
zines, (For data on air pressure, tank capacity, reheating air, tractive force, storage, 
pipe lines, charging stations, see Sec 15 and Bib (45). 

Operating requirements: (a) a multi-stage compressor to furnish air at the aver rate 
of consumption and at approx 200 lb greater press than the locomotive requires; (6) sta- 
tionary storage tanks, or a transmission line large enough to act as storage, near charging 
station; (c) one or more charging stations so located that the locomotive can always 
return to a station before its charge is exhausted; (d) a locomotive heavy and powerful 
enough to exert the max required drawbar pull and with sufficient tank capacity and press 
to make a round trip at full load to the point most distant from the station. Because of 
the high press, the ordinary mine compressor can not be used, except that it would be 
economic for the multi-stage compressor to takes its supply from a cool receiver at the 
mine press, rather than from the atmos. 

Required wt of locomotive is determined as in Art 1, and size of cyl by Eq (7) Art 13, 
substituting the auxiliary tank press for B and 0.95 to 0.98 for p, lx»cause the air at full 
stroke does not lose heat by radiation as steam does. Required tank capacity of loco- 
motive is determined by the total work done per max load and longest round trip. Radius 
OF travel can be increased by adding an air-tank tender, together with corresponding 
increase in vol of stationaiy storage (45). 


Table 13. Compressed-air Haulage Plants 


Compressor, 

3-stage 

Air line 

Locomotives 

Total 

cost 

Round 

trip, 

ft 

Tram, 

tons 

Cost, i per 
net 

Cu ft 
free air 
per min 

Press, 
lb per 
sq in 

Length, 

ft 

Diam, 

in 

No 

cyl 

Size 

cyl, 

in 

Wt, 

tons 

! 

gross 

net 

1 

ton 

ton- 

mile 

(a) 375 

700 

9 600 

4 

2 

7X14 

8 

$13 673 

5 100 

62 4 

42 


1 875 

(6) 


4 200 

5 

2 



13 701 

( 3 200 1 

M 200 ) 



3 6 


(c) 

700 

4 100 


1 

9X 14 



9 000 

87 7 



1 25* 

(d) 296 

600 

7 500 

5& 3 

2 

7X14 

8 

15 156 

( 8 000) 

1 4 200 ) 

147 0 



1 39 

3 05 

(e) 450 

1 000 

5 000 

4 

2 



15 800 





2 17 


* Gross, (a) Mines & Min, Vol 18, P 538. (6) Baldwin Locomotive Wks. (c) Peele, C’ompresHcd 
Air Plant, (d) Morns, Trans A I M E, Vol 30, p .566. (?) Two-stage locomotive, operating coht, 

int and deprec, 2.17^ per ton-mile, as against 2.56fl for single-stage, with coal $3 per ton (esti- 
mates by H. K. Porter Co). 

Coal mines of western Pa and West Va were using 150 compressed air locos in 1921 (38). In IT 8 
metal mines, the only important compressed air haulage plants now operating are at Homestake 
mine, S D, and Inspiration mine, Aric (42). 
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16 . STORAGE-BATTERY LOCOMOTIVES (39,41,46,48,49) 

(See also Sec 16 ) 

Characteristics. They are flexible prime movers, cheaper to install than trolley or air 
locomotives, simple to operate and safer than any type except compressed air. Suitable 
for short hauls in temporary workings, as in gathering, or for infrequent long hauls where 
trolley lines are not warranted or low-roofed wet workings make them dangerous. Grades 
must be easy; max speed per hr, 5 miles. They require 1 man on gathering work, while 
cable-reel locomotives (Art 17) need 2. Wt of locomotive is greater than D A (Art 12), 
because of the necessary battery wt; hence it has lower useful load capacity on grades than 
other types, and is limited to low speed by battery output rate. 

Battery capacity depends on: (a) max rate of current discharge required; (6) the kw-hr 
required to operate on 1 charge. For details, see Sec 16. Storage-battery locomotives 
usually develop 4 hp max per ton of wt, and 3.5 mile per hr at rated drawbar pull; as 
against 10 hp per ton and 6 mile per hr for trolley type. With recent improvements in 
batteries, they are being more widely adopted, replacing the trolley system in heavy ground, 
where maintenance of track-bonds and trolley wire and its dangers are excessive. 

Examples. In Copper Queen teats {Trans A I M E, Vol 48, p 295) a storage-battery loco- 
motive required 1.6 kw-hr at power station per useful ton-mile, or 1.28 at locomotive, as against 
1 I and 0 87o for trolley locomotive. Bia five tunnel. Col, two 17-hp, 4-toii locomotives and 
tenders; full-load speed, 4.5 nules per hr; train, 20 to 30 cars, each 2.5 tons gross; 20 and 12-lb 
rails, grade, 0.25%. iStorage battery was used underground and trolley on surface. Opierating 
costa for 6 months: labor, $1 098, material, $113; repairs, $33; power at 1.2 to 5.5^ per kw-hr, 
$306; total, $1 551; duty, 18 914 ton-miles, at 6.5 to 12 2(1, aver, 8.2(‘ per ton-mile. Stbblinq 
Coal Co, O. 11 2.5-ton storage-battery locomotives aie used for gathering cars from 12 to 15 
rooms, each handling 96 cars per 8 hr. 4 trolley locomotives are detailed to serve 11 entries, requir- 
ing 19 men. 11 reel locomotives (Sec 16) could do the work, saving 4 locomotives (approx 
coat $7 209) but requiring 22 men to operate. Grant mine, Ind. A 5-ton locomotive, with 
03 Edison cells, averages 75 volts @ 60 amp normal discharge; train of 16 cars of 1 600 lb each, 
carrying 3 600 lb coal, used 90 amp on level, 160 up 1% grade and 220 on curve up 1.5%. Some 
CtKUR-o’ALENE mincs, and others with conditions favorable to trolley haulage, have adopted 
storage-battery haulage, because of casualties from trolley current. Hecla mine, Idaho. Cars 
weigh 4 040 lb, 8 wheels, 5 2 ton capac; trains of 8 cars make 7 trips per 8-hr, but can make 10; 
grade against empties, 0.75% speed 4 mile per hr, loaded trams, 6 mile per hr; using Baldwin- 
Westinghouse storage-battery locomotive, 7 OOO-lb chassis, 2 000-3 000 drawbar pull, track, 24-in 
gage, 35-lb rail. Alaska Gastineau mine (1919). 8ix-ton storage-battery locomotives haul 8-10 
4-ton cars, aver 590 ft. Operating cost per ton-mile’ maintenance locomotive, 3.19^; charging 
station, 0 22^; power, 0.89 kw-hr, or 0 132(f, total, 3.54(5. Cripple Creek, Colo. Three-ton 
storagf^-battery locomotives haNC long been iwed satisfactorily, crew of 2 men haul 125 16-cu ft cars 
per shift 2 500 ft and dump at shaft pocket for 7-8f per car for labor. Eureka Standard, Utah 
(E. D. Gardner, 1935). Storage-battery locomotive on mam haulage levels; aver tram, 10-12 cars 
of 0 9 ton (IS cu ft); dump with turntable, tiack, 18 m, 12-lb rails, steel ties 4 to 5 ft centers; 
tramming labor, 17(5 per ton. 


n. ELECTRIC TROLLEY LOCOMOTIVES (40-42,46,48,49) 

(See also Sec 16 ) 

Characteristics. These are the prevalent type in mines. They are compact, simple 
to operate, have high effic and iisnally the lowest power cost of all types. Disadvantages: 
cost and dangei of the trolley circuit; danger from sparking at commutator or trolley 
wheel; necessity for wired and bonded track. 

About 80% of all mining trolleys use 250-volt d c, which is slightly more economic in 
design of motors and contiol and less dangerous than same nominal a-c voltage. A few 
600- volt circuits are used, and there is at least 1 3-phase 2-'wdre underground installation 
in U S. Motors are of approx 10 hp per ton wt of locomotive. Main haulage loco- 
motives weigh 3 to 30 tons. Gathering locomotives are 2 to 8 ton (approx), and can 
enter rooms 200 to 400 ft off trolley line by using a reel of single or double cable to hook 
on trolley and track. I'or rapid work and to prevent overrunning the cable, reel should 
have a gear to feed out and rewind cable as the locomotive moves. Crab ia)COMOTIVE 
has a flexible wdre rope on a geared drum, and hauls cars from rooms without entering. 
Combination qkthering locomotives have both cable-reel and crab attachments, to 
serve rooms driven on either dip or rise. 

Power plant and transmission requirements for a number of locomotives are found 
by correction factors similar to those used for compressors, but each case demands special 
study. Fig 63 gives Oliver Iron Mining Co practice under conditions stated. 
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Bziimples. Duty of electric locomotives on main haulage in 18 Illinois coal mines (condensed 
from State Heps) is given in Table 14. Most oars have wood body, with plain bearings. Dif- 
ferences in length of haul, grades, curves, coal or car supply, and in ratio of empty to loaded car 
from 20% to 46%, account for varying results. Buneeb HillA Suluvan mine, Idaho. Haulage 

through Kellogg Mill adit 11 000 ft 
(1937), of 386 576 ton ore by trolley 
locomotives; total cost, $40 015, or 
10.4^ per ton, principal items being, 
trammers $17 343, repairs $7 550, 
supplies $6 061 (Stanly A. Easton). 
Zinc mines or Tenn (66). Main 
haulage at Mascot and Newmarket 
mines: 4- and 6-ton trolley locomo- 
tives, powered by 250-voU do double 
unit motors; trolley wire of figure 8 
type supported by insulated hangers 
spaced 10 ft. Track 24-in gage, 40-lb 
rails, 0.5% grade m fav«>r of load, 
min radius curve, 50 ft; electric 
H elded track bonds replacing flexible 
bonds; Mascot box cars are 40-cu ft, 
of extra heavy steel with railway 
type journals, 1 t-in wheels, stiN*! 
incasecl oak bumpers, hook couplings 
with spring cushioned draw-bars 
Newmarket cars are SO-cu ft.Oranby 
type. Morcn< I, Arts (67). 10-ton 
curs are hauled on a 20-in track, in 
3(X>-ton iraias by JefTrey 12-ton 
tandem locomotivee (*ars are 2(JN0 
cu ft capac, with 24-in wheels; empty wt, 9 700 lb; M (' H jouriiats, rail, 60 lb- ItKi-ft radius 
curves; grade, 0.4% with load. ALASKA-JcNE\r. 10-ton cars are assembled in trains of 40 cars 
and hauled to the mill 2 miles distant by 18-ton articulated trolley locomotives, on 3o-m track of 
75-lb rails (P. A. Bradley, 1938). Homestakb. A new waste haulage system has 3<>-in track, 
50-Ctt ft Qranby cars and 10-ton Goodman trolley locomotive (K G. Rosa, 1938K 



ilg 53. Power and Transmission Line for Trolley Haulage 


Table 14. Trolley-motor Main Haulage (Illinois Mines) 




1 Ton-niilcage j 

t 


i 'I'An' 

unilesige 


Mike 




Milee 



Locomotive 

1 


Locomotive 1 



wt, tons 

traveled 
per shift 

1 

('oal 1 

(iross 

(rxeludmg 

w f , tons 

irAvcUd 

shift 

) 

; f'onl 

' t tnm 
'ft' hiding 



1 


! 



' loro? 

4 (rack rail) 

35 

690 

1 556 

10 1 

22 7 

5l8 

977 

5 *• " 

40 

823 

! 1 593 

10 1 

32 5 

* 683 

1 )66 

6 

21.6 

319 

! 575 

12 

36 0 

, 2 203 

4 095 

7 5 

41 7 

835 

I 1 3)7 

12 : 

15 9 

444 

710 

7.5 

47.4 

829 

1 1 598 

12 

23 0 

66 7 

1 127 

8 

42 3 

475 

1 888 

12 5 1 

26 5 

; 716 

f 4)2 

10 

10 6 ' 

468 

! 875 

13 

20 3 

. 908 

1 560 

10 

14 2 1 

709 i 

1 167 

15 

29 8 

848 

t 509 

10 

Id 0 

450 1 

1 675 

15 i 

34 1 

1 107 

1 82) 

to 

15 1 i 

534 i 

920 

\v^ 10 

28 3 

74) ' 



Power conaomption teata; Olivkh luov Mimno ( o, for 1 17 H-hr sluftA. with 

4-toxi, 250-volt electric loroniotives. ( arn, 55 ru ft, gAble-lK^ttorn. wei«h 3 54>ri lb (Fig 
13); aver net wt ore per car, 5 (KK) lb. prevadmg gracie. 1% in favor of load, total. HW 
trips, 5 544 cars, 15 523 tons of ore; aver haul, 1 iSH ft •* 4 37.> ore-ton-nuic# •» 10 
gross ton-miles, including locomotive. Total tramming energy. 2 423 kw-hr, aver 
0.554 kw-hr per oro-ton-mile, including empty rettira haulage. At a TiiwasTaaN 
COPPgR MINE, the current per useful ton-mile was 0.b7.5 kw-hr at the motor, ('oerma 
MINE IN Akiz. IB-ton trolley locomotives, making 10 trips per 8-hr day. haule«i 18 cars, 
each of 101 cu ft, or gross load of lOH tons (empty, 30.6 tons including mobirG aver haul 
one way, 2 900 ft; power, 3 066 kw-hr tN‘r lf>comoiive per month of 240 working hr, at 
O.OTfi per kw-hr; total operating cost per motor per month, $212; aver repair cost, $2t) 
per motor per month; aver total oiieraiing and repair coat, 4.5t‘ pf»r ore-ton-mile. not 
including trolley lino maintenance and repairs. CkjppEii mine in Amx: 3.5, 6. and 7.5-ton 
dactric Focomotives haultNi aver distance of 3 000 ft (max, 3 475 ft) at for 67 700 
ota-ton-miles, of 13.9^ per ton of ore, or 21.78^^ per ore-t<.>n-Emie, including repairs on loco- 
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motive track and ditch. At Bisbeb, Ariz (1912), cost for 408 000 useful ton-miles, in 
cents per ton-mile, was: for maintenance of locomotives, 2.95^; cars, 1.54^; track, 5.24^; 
trolley, 3.60^; power, @ 1.1 kw-hr, 1,6^; total, 20.03^. Copper mine in Mich. 4-ton 
locomotives hauled 15.4 tons gross, 2 000 ft one way, 7.8 ton return round trip in about 
30 min, 420 working hr per month, 1 040 kw-hr i^er locomotive, repair costs, aver $6. 
Iron mine on Gogebic Kxnoe; track gage, 24-in; 304b rail; 1% grade; 5-ton loco- 
motive; gross trip, 42 tons; empty, 20 tons; aver haul one way, 1 450 ft; 12 trips in 8 hr; 
monthly cost per locomotive, 200 working hr, 1 854 kw-hr at 1.5^; oil and waste, $2.25; 
motorman and trip tender, $122.50; aver repiurs (approx) per locomotive, $12.50; per 
car, $0.91. A ver total cost, 8 1 .8^ per ore-ton-mile. M ine operating on half time for period 
rejiorted. Iro.n mine in Mich. 4 and 5-ton locomotives; track gage, 24-in; 30-lb rail; 
grade, 1% aver in favor; reverse, 4%. 8 Uips of 8 cars, weighing gross 37.3, empty, 11.3 

tons, haul, (KK) ft one way; 3 750 kw-hr i>er locomotive per month of 200 hr; operating 
and repair cost, $124.75 14.05^ per ton-mile. Motor haulage costs in anthracite 

collieries ((ien Klectnc (-o) are given as follows, deprec 5% for 200 working days: 


Company 

Coat per day 

Operating } Depreo 

Duty, 

tons 

Cost per 
ton, i 

(lien Ridge. Sersntan, Pa 

$7 96 

$1.90 

266 

2.76 

N \ A Scranton (Sturgox) i 

5 05 

1 52 

250 

2.62 

’* ■ (Tunnel). 

4 67 

1.75 

600 

1.07 

HilUide, No 2 sbsit. . 

16 47 

5 20 

969 

2 19^ 

F C Klops 

9 37 

2 60 

541 

2 21* 


* Actual uperaunt costs (140 d&yi, approx) were 4 50 and 4.55^ per ton. 


HriTE. Mont. -U)OUt 200 trolley locomotnes are in use, 4-ton mxe being standard. 
Since alxuat 1920, uae of storage-battery hn'ornotives has increased. U 8 Coal and 
('ore Go's Mi.NE No 6, Pa. rsiially, a 13-ton tndley locomotive gathers from mouth 
of working places and delivers 5<X) 700 ton coal i>er day; round trip not ov'er 4 mile; 
5~7 men and 7 10 mules gather mtd haultd by 1 locomotive. Kjlhn Oilliery, Pa. 
Aver. 5 mo: 2.474 kw-hr i:>er ton are used for transport of coal. United Verde mine, 
Ariz (1919‘. Six-Uui trolley locomotne. hauling 35-ton trailing load of 20 18-cu ft cars, 
IH-in gage, a distance of 850 ft U> skip pockets, ctists 10.79^ per ton, against hand-tram- 
ming 2<H1 ft (d. 12.7< j>er ton. and storage-luittery locomotive, Illinois. In 1921, 

280 shipping coal nimes umhI 1 424 trolley loaimoUves on main haulage lines, hmndling 
over 71 million ton. 


18, ROPE HAULAGE (50-52) 

Systems: self-acting or gravity plane. engine piano; (r) tail-rope; (d) endless- 

roi>e. Of these, aiui »r' are rHunmoneAt, of* lieing olvsolescent. C'oNDlTiONa. large 
tonnage** and grades which make ItH'omotive haulage* inediciont (Art 12, Table 9). Straight 
haulways and uniform grades are demrablt'. lait not necosaary. 

Ropes, sheaves, and rollers. Hori:a on flat grades, or wherever especially subiected 
to abrasion, as in dragging <»n the gTx>und or over track tiea, should ha\’e 7 or 12-wire 
*«trands The small-gage wires of staiidanl ll»-wire hoisting rope wesu* too fast (Sec 12). 
A short length of cha.in at the coupling pn»UM'ts rope frtun damage by sharp lieiiding, if 
the cars overrun. Hons a«KAV ks or vert R(»llkri> on curvea should be properly almod, 
and of large diain. to rwluce liending strx»««eA, 1 Urge sheave is better than several small 
ones. Where ri*t>e orosjN's the rail on rurvei», guide stri|)« should provided, to rainimise 
friction (Fig 55. 6). rmek rollers aver .5 in diam by 12 to 18 in long, spaced 15 to 25 ft 
on straight track, closer on curves Ai jiomts i*f special wear, VA rollers are used (often 
made (»f a pair of car wheels, U>lted togeUier with flanges outside). 

Self-acting or gravity plana. I>iwcending loaded cars raise the empties. It is often 
used on the surface, is efTective m slo;x*s or long rooms on pitches too flat for mineral to 
run in chutes by gravity, and in general nerves to transfer cars to a low'er leval, on main 
haulage lines, or from a blind level to main level. 

Angla of flattast aalf-acting slops. S%n a ■* (total fricUon F, lb) (wt of minsral 
— wt of unlmlaneiKl portion of ro|K» H, Ibi, in which F •• ((wt loaded and empty cars -b wt 
ro^ieon lioth tfack». lb) X o f /' twt rollers f- drums, lb)| X /, where/ ««* O.l approx, 
/ m ©oefT roiling friction — 0.012 to 0.025. Friction is often flgursd on basis of cars and 
mpe only, in which case / should be larger. This equation shows that profiie of plana 
should be conoava, and that heaviost irifi, highest ratio of useful load, shortest distance, sjod 
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lowest ooeff of friction, give flattest workable slope. Use of a tail-rope cancels unbalanced 
B, but increases F, Flat slopes are steepened at top, or knuckle,*’ so that the grade 
exceeds angle of inertia (Art 8) for starting trip promptly. Acceleration a » (T*/ — T^)g 
sin a + Tj -|- 7*, -f i? » approx (Pj — Pa) g + Pi -f P# -f P, where a - accel, ft per sec 
per sec; Pd ** descending pull, lb *- P/ (sin cc f coa a) \ Pa ^ ascending puli, lb — 
(Pe + B) {am « 4*/ cos a) ; Ti and P, ■■ wt loaded and empty trips, lb; a slope angle. If 
iriope changes, take value for a at top for P/, at bottom for P#, and aver for R. Length of 
slope I (ft) required to attain veloc v ft per sec is Z »■ r* ■+• 2 a. Max tension Rt in rope 
will occur when starting or stopping with a jerk, otherwise R$ ■■ (Ti -i" R) {ain a — / coa a). 
Number of cars per trip to operate a self-acting plane is 

N ■« -f- coa pj + — coa IFi — -f coa IFjJ , 

where a slope angle R ^ wt rope, lb; TTi and PTi ■» wt of 1 loaded and 1 empty car 
respectively ; / « coeff of rolling friction. 

Arrangement of tracks (Fig 64, a to f). It is best to avoid switches on planes by 
double tracks as in (6) and (c). In (d) a simple automatic switch is used at L, as shown m 
detail at (i); steel-faced timbers pivoted at A'A' are thrown by the descending car for 
either track. At (e) is shown a track plan for narrow siojies, avoiding sw'itches and saving 



Fig 54. Track .System for Self-acting Planes Hilclenbrand, cicept e) 


room below turnout. Fig 64 (/, g. h) illustrate a single main track, with inner cotiniet-wt 
track, the counter wt lieing heavy enough to haul up the empty car and unlialancwl rop<' 
The balance car ih) has a liell-crank '‘growler” or safety pm /*. to stop ear if roiie breaks 

Engine plane. I.^>ad8 are raised or lowered on a «lor>e by a stationao’ engine and wire 
rope, as in an mciine<i shaft. .Simple engine planes re^piire single track, with 1 ro{ie •• 
length of plane, and use power only for ratsirig load. 'Fho plane may have curves, 
and varying grade (if all are against the load), provnded minimum grade ts greater than 
the angle of rolling friction; it may serve different levels or entries by switches from 
main slope, with rollers or sheaves to guide rope around turns (Fig 66), Chi a straight 
surface plane, 6 (KK) ft long, under aver conditions, trams of 25 to 30 loaded cars ran at 
satisfactory speed on 1.76% grarie, while empty cars rcviniriKl 2.25% (22). Small HriUsh 
colliery cars (tubs) require 3.5%. A douWe engine plane has doulde track, or 3 rails and 
turnout; the descending trip assasts engine to raise ascending trip, thus eliminating demi 
load, except rope. With engine at head of plane, the max rope pull at drum is. (a) for 
single track, D « {Ti 4“ R) (atn a -\r / ooa a 4- P), where P •» coeff of accel •* O.l to 0.26; 
(6) for double-track plane, D * (Ti — 4- /?) sm a 4- (Ti T, 4- A) (/ ro# ct 4* /*L 

With engine at foot of plane, D is the same as in (o). but rope ts balanced and engine pull 
is 0 •» Ti tin a + (^l 4* 2R) (/cos a 4" P)» For signiheation of factors, see under Gravity 
Plane, above. 

Tail rope, the comixionest rope haulage system, is appltcaMe on straight, curved, 
inclined, level or undulating tracks, to a stnide main line, or including branches (60, 52). 
Main ROFi hauls loaded trip of 1 to 75 cars, with attached tais* nora. to shaft boitosu or 
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surface, and tail rope, passing around a large RSTuaN sheave, returns empties. The 
engine should bo reversible, with separate drums, clutches and brakes, and may be placed 
anywhere on the lino, or on the surface with ropes run through a shaft, slope, adit, or bore- 
hole. If main and tail-rope drums and engines 
are at opposite ends of run, each rope *■ 
length of run; or, with a double-drum engine 
at one end, the tail rope 2 X length, and 
l)oth ropes — 3 X length of run. Trips are 
nin 8 to 16 miles per hr. When main rope is 
hauling a loaded trip, the tail-rope drum clutch 
IS loose, and with light braking the train can 
1)0 kept in tension, to prevent cars from 
humping or over-running on grades. The 
return run of tail rope, from tail sheave to 
drum, is carried on small sheaves, 10 to 16-in 
diam, spaced 25 to 60 ft apart, and attached 
to rcx)f or timbering. Max tension on haul- 
age rope is: D Tl (sin a -h / cos a) -{• r ih -\- 
/X 2 1) 4- (T/ -f- 2 rl) P, where a -■ max slope 
angle: h *■ total drf>p of line, ft: / •* length 
of line, ft, r « wt of roi^e i>er ft, lb. Ti » wt 
of loaded trip, lb. P ^ coeflf of accel. Fig 56 
(a) shows the Sherrard mine tail-rope system; 
sheaves and nillers for curves in detail (fo. 

Bra.ncii roads have separate tail ropes 2 X 
length of branch, with tiul sheavi*s at ends, 
and coupling.^ to connect to trip and to main 
tail ix'pe (Fig 

Endlets-rope system. Rope is driven by 
a fifrip wht'cl or pair of mtiltiple-grcx)ve sheaves 
at engine, paasi's around a return sheave at end 
of line, and may Ih' over «)r under the cars 
C'ars are att,\rh<Hl singly, or in sluirt trams, 
by grips ivr lashings. On drmhle track, this is 
done without stopping which n* m con^itanf motion. Aver sj)eod, 4-5 miles per 

hr; max, U) miles length of rTijH* h i I^>^ than for tail r<>jH». ('ham, instead of rope, 
occasionally usunl fitr short hauls (catalogs .leiTr<\v Mfg ('o. Robins (\»nve>ung Belt Co, 
and I>ink Belt < ‘o*. This system has almi^st «lisapi,>cartHi in llie V S. 



Fig 55 r.ugine Plane (I.etcheD) 



Rop«*hsulgg« costs. All type# of ro|>e haulaite are olvaoleacent, as indicated by the 
fact Umt, m III m IWKH. 32 mines uso<l rrnie for mam haulaip*, as agamst only 1 mine in 1921. 

At Hherrarcl colliery, 111 (Fig 56), when hauling by tail rope* T{K>-fi()0 ton per day, 
aver haul 4 (MK) ft, max 2.25 miles, the cost, including maintenance of track, wear of ropes 
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and sheaves for rope and auxiliary mule haulage, was 14^ per ton; rope speed, 10-16 miles 
per hr. 



Fig 57, Modes of Attaching Branch Uopca x, x' to Main Hope y, y' 


19. MISCELLANEOUS HAULAGE METHODS 

Gravity roads must have sufficient grade in favor of loaded cars to ket*p cars in 
motion, the empties being returned by hand, animal haulage, or (x>wer 

Grade at the top or knuckle " must be greater than angle of inertia (Art S), or tfie car 
must have a starting push; aver slope must exceed the angle of rolling friction. Cirades 
required vary with quality and condition of rolling stock and track; for safety, unless the 
slope is short, max grade should be less than the probable nummum angle of slulmg fric- 
tion. In rooms or slopes on flat rising pitch, cars can he delivered to loading p^jint by 
trammer, animal, or locomotive, and returned to the drift or entry by gravity. On 
steeper pitches, ropes should be used. 

Telphers or monorails with Inicketa are used occasionally where tracks or cars ore 
impracticable. Conveter hauiage m recent years has develoi)ed rapidly, and is suitalio 
for largo tonnages. See Sec 27 for details. 

Composite methods. It is seldom practicable entirely to eliminate han<l tramming 
underground, but development and exploitation should W planmxl Ui miiuinue u«j of 
manual labor. Ix metal mines, tramming is usually the only possible meth<Hj of handling 
ore, waste, and timber in flat-back or slice stopes, sulr-level**, and short, tcintxirttrv work- 
ings (Sec 10). 

Chutes, raises, and trackage should f)e so place<l that all material will reach its destina- 
tion with minimum handling l>ctweeii working places and niain -haulage s>^tem Thus, at 
Homestake mine, hand tramming averages about 300 ft for ore and ft for rock from 
development; at the Copper Queen mine. less than 2Ut) ft. at the Miami. Kav. and other 
systematic copper developments. 2.7 to H)0 ft for normal stojK^x. on the Mesahi ir<4i range 
top-slice mines, 50 ft for regular work and seldom over 150 ft in irregular vsee 

also Sec 10). Modderfontem II Clold mine. Ham! hand tramming on stojK* tracks 

aver 200 ft. max 400 ft, by contract to central or branch track , lowered by single rojx^ to 
level below. Cars, 20 cu ft, w'lth low fixe<l tnick, Uxiae Kowanlxitham self oiling I 7-m 
wheels, 30-in gage, 30-Ib rails. < *ar« fwr shift %‘ary up to 20 {xu " l»oy“. a\er, 7 45. 
price for lashing, loading and tramming. 2.5>d-3d I -ton ^ar m UH.7 Horwv<« take 
cars from the single rope to the mam (and taU> rope, by which trams of tkk bsi rarx 
are hauled. In coal minixo, the miners’ wntract commonly indndex (ramming l»uwc#'n 
the face and room neck or breast romi. Mules or gathenng locrmiotnex then h.^ul earx 
to the nearest make-up siding on the main haulage and return the empties. ( >ah, xtorage- 
battery, or oompr©«»^-air locomotive often haub to the working face, but, where there 
is headroom for animals, the necessary delays and small tonnages handbxl m gathenng 
work reriuire careful analysis of cost of gathering and returning cars, to tuove whether 
such extension of locomotive WTVice is profitaMe. 'Phe proper limits tar to|x' haulage 
systems are more definitely determined by the gradients, tonnage, and layout of workings, 
than when the more flexible prime movers are uihmI. In utidulalmg coal s<*ari>s. fref|uent 
examples are found of alternating animal and rope haulage, and iliere are unusual eais's 
where locomotives with their trams are taken up grades by nope haulage. 
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20. TRAMMING COSTS 


Table 15. Tramming Coeta 


Coinpany 


^ ear 

Tonnage 

Cents per ton 

Alaaka-GaaUtiaau 

Alaska. .. 

1915-18 

6 523 873 

6 661 

(o) 

Alaaki^ Juneau 


( 1923 

2 476 240 

8 I7i 

(6) 



1 1937 

4 442 760 

6.30) 

Alaaka>Treadw«41 

" , ... 

1914 

910 000 

11 6 

(c) 

Bawdwtn . . . 

Burma 

1924 

175 000 

72.9 

(c) 

Britannia: East Bluff mine 

BC . 

Before 1933 

398 664 

6. 1 


Victoria mine 


[ 

133 195 

13 4} 

(d) 

Fairview mine 



1 268 234 

7 71 


Bunker UlU 4 SulUvan 

Colo 

1957 

386 576 

10 4 

(e) 

Cold Springs. . 


1931 

I 125 

71 

if) 

Crasson 

" 

1931 

54 747 

63. ) 

i£) 

"... 


1932 

61 914 

52 ) 

El Potoai 

Chihuahua 

1932 

441 094 

2 3 

ih) 

Eureka Standard 

N«v 

1933 

1 

17. 

(t) 

Frssnilio. . . 

I Zacatecas 

1930 



O') 

iltll Top 



3 856 688 

4 32 


Others . 

. 


5 ni 414 

13.95 


Grand KepubUc 

Colo . . 

1935 

28 515 

87 9 

(fc) 

Hartley . 

• Khii 

1930 

180212 

15 17 

(0 

Holltngi^ 

lont 

, 1937 

2 998 240 

8 97 

(m) 

llomestake 

Is 1 ) 

1937 

4 000 daily 

18 

(a) 

McIntyre ... 

jOnt 

^ 1931 

557 104 

13 5 

(«) 

Miami 

1 Am . 

1931 

4 438 808 

3 51 

5 ip) 

Mt Hope 

iSJ 

! 1930 

176 474 

45 9 

(v) 

New CV>.riK.lj* 

jAn* 

; 1930 

3 417 374 

6 6 

(r) 

1 esuitlan 

i Zacatecas. 

1930 1 

66 764 

26 9 

ft) 


.Ahbr«>vwtion« )n fctUowiniE note* ft.rr Mmt m in ih# Hibhocrftphy. 

iu { 4 ) \ c>l e.l, p i'h indudinc lofixiinn «ud trkaiminie, r. Hradlvy. (<*) indudm pro 

portion of fc«n«r«l ciuirKO* hotituvc. id) / C 6H15 u) ILiulfta* II 000 ft, tkrounh Keliocf 
mill adit vith troii«y lo<?oniouv«i .StAnly A- Kotton </> high grade f«rb«nui. / (*8673, <g) / C 
8H08. / (* 8MV4 u' I C y, I. H (JST. l«3l, p 270. (fc) I C 6976. (1) / (' 6656. 

UvnuMe mc4v)d(w ore. wMle and aand. cor! per ion milim. 12.0^; track labor a4io matenal. 
3 it iwr ton hiiuloil. or ti'i# t^r ton milled mi uicludes motorman, trackmen, motor, oar ana 
tj-a^k rc(wiir«, lubrtcaniR ami power K. G. H<ia». l'K17, / C 8741 (p) figurew for lb31 are not 

Miamt'ft loweet, bnl are mure re^^ipeentRii' e. af» they co\er the lawt year of nearly normal production. 
H. Hugliee, 1W3T / ( iMh»| .r; / i nf>rtn .»./r873.'». 


2L HAULAGE ACCIDENTS (72 80; also Sec^ 2;^ 

I'luicrground hAiUagc aendont^t m all kiinlH of iiunoc aiui underground quarriea in 
and in 11136 were ae foUovkfi m aecHanpanyitig taliiv. 


Nfvr al#<> 2 i 


tnthraeite minee 
Btt\itir.rwntii miLftce 

MelftI arwl mm mefa) iiur»rw eurcpt ro»l 
rndergrouml <jijiimce 


Falaliticp 1 

1 Nondatal tniunes 

Pi35 j 

1936 1 

1935 

1936 

30 { 

26 

1 909 

1 914 

iv8 1 

202 

10 950 

12 097 

9 ! 

13 

897 

1 445 

1 

i . 

2 

29 

35 

2>; ! 

243 

13 785 I 

IS 491 


llaulnge arrounti^l for 7'" of all fatal ami '23 36^ of all non-fatal underground 
acHdente m llhia. lUid 17 12^; of fatal and of lum-fatal aocidenta m l»36. 

To reduce eccidenta, (o; illuminato haulagt* waya, i*o that men will not tityHl mdit'idual 
lighta on motor tracks. ha>e hemi light on motor and on n^ar car of tram, (c) 9tand> 
anlue wjuipment, that humpeM. eouphtiga, ete, are alike on all rara. with handled 
»o that the hand ran not l>e raught i<ii have aafe tdearanee between ears on one or prefer- 
ably both rtlui of entry (a (done rib i« Nailer than one with iinaafe rlearanee) : /fu/< 7t>, V S 
Hiireaii of Minea, reeommenda refuge Itaya with 2.5 ft elearanoe at not lea» than 300-ft 
intervale, (i>) keep track tampetl and rlean, to prevent derallraeni; (/) titnlier and eup- 
piiea. atoretl alongalde, ahould lie at leant 2 ft from rail, ig) Iranapiiri long tooU and 



11-46 


UNDERGROUND TRANSPORT 


material only on special trucks, not on locomotive or ore cars; (h) use block fillers to top 
of rail-web in flangeway s and wedge spaces in frogs and switches; (t) use low- voltage 
trolley current; support wire at short distances, so that sag will not exceed 3 in, and, 
when less than 8.5 ft above rails, guard with boxing 3 in lower than wire; do not run wire 
over footway side of track; avoid trolley system for low-roofed, wet workings; (j) have 
gong on all motors, and start locomotive only on signal from trip rider and after giving 
warning bell, and sound bell before all junctions; (k) keep car doors and latches in repair 
and inspect reclosing; an oi>en side door is especially dangerous; {D keep record of haulage 
delays, and offer bonus to driver having minimum derailments and locomotive repairs. 
In mines of large output, where many trains operate on main levels, a dispatching and 
block-signal system are essential (76, 77-80). 
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HOISTING PLANT, SHAFT POCKETS AND ORE BINS 

1. HOISTING SYSTEMS 

Unbalanced hoisting is done in one-compartment shafts, where there is no descending 
wt of empty car and cage to help lift the ascending cage, car and contents. It is the 
simplest form of hoist, and is used for prospecting, handling men and supplies, and for 
mines with small outputs. 

Balanced hoisting is done in two-compartment shafts, where the wt of ascending skip, 
or cage and car, and material is offset by empty skip, or cage and car, descending in the 
other compartment. It may be used with all shapes of drum or reels, and is the commonest 
method. With cylindrical drums it is very flexible. For hoisting from one level, 1 or 2 
drums are keyed to the shaft. For hoisting from several levels, 2 drums are necessary, 
one of them clutched and the other keyed or clutched. Advantages, simplicity, low first 
cost, and adaptability to variation in hoisting conditions. Disadvantage is the large 
variation in rope load in deep shafts. 

Slack-rope hoisting (3) , practiced in a few coal mines for self-dumping cages, consists in operating 
with a certain amount of slack rope, so that one cage strikes bottom and its empty car is uncaged, 
and a loaded car is caged while the cage in the other compartment is dumping its load, the hoist 
being at rest only momentarily. The motor must therefore start the loaded cage without the 
counterbalancing effect of the empty cage and car after landing at the bottom, thus requiring a 
larger motor and greater power. Its purpose, to increase the tonnage output per unit time, is 
questionable, since time for retardation is longer. It is not recommended. 

Static hoisting moment is the product of load on rope in lb and the drum radius in ft, 
at the point where the rope leaves the drum. Resultant static moments for balanced 
hoisting are equal to the difference of the moments for each rope. Static moment dia- 
grams show resultant static hoisting moments for definite positions of cage or skip in a 
shaft (see Fig 14). Serving to compare hoisting systems from standpoint of balance, 
they are not always indicative of relative power requirements, because equalization of 
hoisting load may be obtained by using additional weights in drums and tail-rope, reiiuiring 
largo h p for acceleration. If IF = wt of skip or cage and car; ic = wt of load; wr = wt 
of rope; and R ~ radius of cylindrical drum; then for balanced hoisting with cylindrical 
drums: 

Static moment, load at bottom = (IF W)R — (ic -f* wr) R 

Static moment, load at top ~ (IF w — wr — W) R {w — wr)R 

Tail rope, used with cylindrical drum, gives perfect equalization throughout the hoist. 
It hangs in a loop in the shaft, its ends being attached to bottoms of cages. The cages 
can not move independently, as for hoisting from different levels, whence its chief use is in 
shafts where hoisting is from one level only (2). A large sheave, resting m the bight of 
the tail rope, and supported in sliding bearings below bottom landing, steadies the rope. 

While theoretically good, the tail rope has been rarely used in the U S. There are a few in 
South Africa (1), but they are not favored, due to difficulties of inspection, cost (due to short life), 
lashing and vibration, and extra weight and space required for bottom sheaves (Fig 1, 2, 4). 

Counterweight hoisting. The skip, or cage and car, in a one-compartment shaft is 
counterbalanced by a weight sliding in guides at one side of the shaft. Advantages: it 
eliminates one compartir nt, increases efficiency, decreases size of engine required, but 
requires a reversible engit , since power is necessary to lift the counterweight. 

Design. As ordinanlj. designed, the static hoisting moment diagrams for lowering 
empty and raising loads are the same. Hence, the resultant static moment with load at 
bottom must equal that with counterweight at bottom. If C equals wt of counterweight 
and other symbols are as for static moments, then 

Static-moment, load at bottom » (IF + + '^t') R — CR (1) 

Static-moment, counterweight at bottom « (C + wr) R -- WR (2) 

w 

Equating Eq 1 and 2 gives C » ^ "2 ’ means that if the wt of counterweight 
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equals wt of skip (TF) plus 1/2 wt of load hoisting and lowering diagrams 

tvill be equal. Counterweight plus tail rope give perfect equalization of rope load. 

w 

[f the counterweight is equal to TF + — then the unbalanced load, whether hoisting load 

2i 

w 

or counterweight and, in all positions of hoist, is — or one half the weight of the ore. This 

therefore is an economical hoisting method from the power standpoint and has application 
for small capacities. Counterweight plus chain hoisting is intended to do away with 
tail-rope. A chain, attached to the counterweight, piles up on the shaft bottom as counter- 
weight is lowered. It has merit in reducing hoisting power required, but adds to stress in 
hoisting rope, and is not used at present. 

Koepe system of hoisting (Fig 1). In this old European system, which has not been 
used in America, the dnim is replaced by a large, single-groove driving sheave. A single 
rope passes around 190° to 200° of sheave circumference, with cages attached to the ends. 







B 



The system is suited only to mine.s of one level, and a tail-rope is essential. Head sheaves are 
placed tandem, so that both parts of hoisting rope are in same vertical plane. To prevent slippage 
of rope on driving sheave, the wt on loaded side plus its accelerating force must not exceed wt on 
empty side minus its accelerating force by more than a certain percentage, depending on arc of 
contact on driving sheave and coef of friction. Ratio of the greater to the smaller pull must not 
exceed c/®, in which e is the base of Nap log (2 71828), a the angle of contact on driving sheave, and / 
the coef of friction (0.18 to 0 25) Advantages: since in the sheave there is less mass to be accelerated 
and retarded than in a drum, more rapid accel and retardation are possible, smaller foundations and 
buildings are required, and wear on rope due to bending is minimized Disadvantages* cages can not 
move independently ; if rope breaks both cages fall, and drag of rope over the head sheaves is likely to 
prevent operation of safety catches. The system is best suited to electric hoists, which have con- 
stant torque (4). 

Whiting system (Fig 2) , designed to overcome the disadvantages of the Koepe system, 
has two 3 to 6-grooved driving sheaves, placed tandem and coupled to engine by connect- 
ing and parallel rods. The rope has ample frictional grip by passing several times around 
both sheaves. To adjust or change distance between cages, or let out rope as shaft is 
deepened, a slow-motion geared fleeting engine is used. Abnormal stresses, due to creep 
of rope on sheaves and to unequal wear of grooves, are compensated by steel rings in the 
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grooves of one sheave. The rings slip under unusual stress, but are tight enough to resist 
the ordinary rope pull. Advantages: tail-rope is unnecessary to prevent slipping; can be 
used for sinking and for shafts that are periodically deepened. 
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faee, which keep the chain from slipping A number of worm^screws on sheave periph- 
ery engage inside the face with certain links of the chain Pitch of worm equals width 
of chain link, cmd one side of each worm-shaft ends m a crank of radius r A sin^e 
eccentric steering wheel, hanging freely from the ends of this crank, revolves with mam 
sheave about its own axis, and is kept in position by small rollers, revolving in bearings c, 
which are integral parts of mam sheave bearings As the worm-screws thus make one 
complete revolution in a direction opposite to that in which the rope would tend to travel, 
due to direction of rotation of mam sheave, there is no fleet angle. 



Fig 4 Diagram of Ohnesorge System for Hoisting from Different Ive\els (B dk M Jour) 

Advantages Since the factional grip of rope on the Ohnesorge sheave may be varied at will by 
controlling the number of rope turns, it permits (1) high-speed hoisting, (2) greater acceleration, 
(3) elimination of tail-rope, if desirable, (4) hoisting of light or hea\ y loads, (5) perfect rope lubrica- 
tion (6) a smaller sheave than the regular Koepe, (7) hoisting from different levels, as in Fig 4, 
where 2 Ohnesorge sheaves are clutched on the same shaft [Skip 1 is at the bottom, skip 2, at top 
Counterclockwise sheave rotation causes skip 1 to rise and 2 to descend lo hoist in balance from 
an intermediate level, place skip 2 on rope of sheave 2 and unclutch sheave then pull skip 1 to 
level desired Clutch sheave 2 and proceed to hoist m balance], (8) permits occasional cutting off a 
piece of rope near cage or skip, foi testing, (0) may be operated with 2 or more ropes, making 
it also suitable for elevators C osta in Germany, 19^2 for 40-in diam driving sheave and 1-in 
rope, with 3 turns of shoe chain, $700, for 8 2 ft sheave and 1 6-m rope, with 3 turns of shoe chain, 
$2 900 An extra shoe-cham turn on 40-in sheave adds $50 to cost, an extra shoe-chain turn on 
8 2-ft sheave adds $130 

Tandem system of hoisting m deep shafts (Fig 5) consists in having 2 skips in the same 
compartment, the upper skip with a rope equal to half the depth of shaft, the lower with 
its rope attached to Ixittom of uppci skip Upper skip receives its load from pockets at 
middle point of shaft, into which the lower skip dumps Both are loaded and dumped 
simultaneously The upper rope carries its own weight and that of both skips Both 
ropes may be tapered The dmms need bo only large enough to hold rope equal to half 
the total depth With conical drums, the ratio of small to large diam is less than with a 
single lift, and the moment of inertia of drums is thus reduced There is a theoretical 
economy in steam consumption of about 9% over hoisting in a single lift, and the hoist is 
smaller, with consequent lower first coat Offsetting this is the cost of extra loading 
pockets, shaft arrangements and labor attendance 

Two-stage hoisting (Fig 6) requires 2 engines, one hoisting from the bottom and 
dumping into a bin at an intermediate station, from which the other engine hoists to the 
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surface. The engines may be duplicates, by which first cost is materially reduced With 
conical drums (Art 2) this condition may make it necessary to sacrifice equality of static 
moments. The two lifts must overlap by about 65 ft This system gives better steam 
economy than the single lift, by about 10 6%, but against this is increased cost of shaft 
construction and extra attendance at surface and intermediate station 

This IS the commonest system for deep hoisting, especially where the shaft changes 
from vert to inclined Engine for the lower lift is usually placed in an underground station, 
and driven by elec, sometimes by compressed air, steam being out of the question Even 
with elec hoists special ventilation is necessary, duo to the heat generated 




Single-lift, tandem, and two-stage systems compared Single lift Advantages sim- 
plicity, flexibility, absence of attendance at intei mediate station and elimination of cost of 
this station Disadvantages high first cost, on account of large engines and drums , exces- 
sive ratio of end diameters, danger of whipping of the ropes, increase m cost of headframe, 
engines are proportionately less economical when handling men, tools, and supplies 
Tanpem system Advantages smaller size of engines and very much better ratio of end 
diameters of drum, thus reducing first cost, engines more economical, no whipping of 
ropes, may be used for greater depths than single-hft system, steam demands on boilers 
are more equally distributed than in smgle-hft system Disadvantages extra first cost of, 
and attendance at, intermediate station, high cost and size of headframe, lack of flexi- 
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bility, po that the system is not suited to sinking, or hoisting from different levels. Two- 
BTAQB SYSTEM. Advantages: greater flexibility than the single lift; favorable drum 
proportions (equal to the tandem system); tail ropes could be used in both upper and 
lower stages; use of brakes is attended with less loss of energy; is suitable for sinking; 
hoisting may be done by either stage from intermediate levels, without interfering with 
operation of other stage ; first cost of 2 small engines is probably not much greater than 1 
large engine, for a single hft; engine for upper stage could be installed first, and second 
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Fig 7. Miscellaneous'Hoisting Systems (37) 


engine not purchased until needed; steam demand on boilers is more uniform, requiring 
smaller boiler plant. 

Other hoisting systems (37), the Schitko, Despritz, Monopol, Gerhard and Tillson, are modi- 
fications of the preceding; diagrammatically shown in Fig 7. 


2. HOISTING DRUMS 

Drums (3) may be cylindrical, conical, cylindro-conical, or reel (Fig 8). 

Cylindrical-drum hoists may have: (a) one drum, keyed to driving shaft; (6) two 
drums, both keyed to shaft; (c) two drums, 1 clutched and 1 keyed; (d) two drums, both 
clutched. Keyed drums are used for single-level mines; clutched drums, for hoisting 
from more than one level and for adjusting rope stretch. (A novel design is shown in 
Fig 9 (6). The drums are bi-cylindro-conical, mounted on parallel shafts geared together 
and driven by motors coupled to the gear pinions.) Drums have flanges to prevent rope 
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running off end. Winding surface may be smooth, grooved, or lagged with wood. A 
smooth surface causes rope to chafe and wear. With wood lagging, there is less wear, as 
rope makes its own groove. Grooved metal drums are best. The winding of rope on itself 
(in more than one layer) is poor practice, and rarely admissible. Brake surface forms part 
of the drum, and is of a diam and width sufficient for the hoisting load. Minimum drum 





Fig 8. Common Forms of Hoist Drums 

A — Single cylindrical A' — Double cylindrical. B — Conical. C — Cylindro-comcal, ropes starting 
on different diams C' — Cylindro-comcal ; ropes starting on same diams. D — Reels 


DIAMETER, D, is at least 60 times rope diam r (in) ; general ratios are: 70 in coal mines and 
85 in metal mines, li L — length of rope, and N the number of turns of rope on drum, 


N 


L 

ir(D + r) 


(3) 


Allow 2 extra turns to protect rope fastenings, and 2 turns against overwinding; then, 


length (TF) of a smooth-face drum between flanges =* (iV + 4) X r (4) 

For a grooved drum, allow 1/4 in between adjacent coils of rope; then, 

(AT 4-4) X (r4-V4in) (5) 

Conical drum. In theory, the varying radius of a conical drum should be such that 
the static hoisting moment is constant. But this is true only when the element of the 
oonoidal surface is a curved line. Curve-faced drums are costly and difficult to make, 
and are not used. A single, straight-faced cone gives perfect equalization only at begin- 
ning and end of hoist (Fig 10); moments at all intermediate points exceed the end 
moments. A pair of cone drums (in double compartment shaft) equalize also at passing 
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point of cages (Fig 11); at all other points, equalization is only approximate. To de- 
sign a conical drum, depth of shaft, weight of cage, car, ore, and size and weight of rope 
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end of drum, ft; TFr » wt of one rope between top and bottom landings, lb; W * wt of 
cage and car, or skip, lb; w wt of ore, lb. From Fig 10, to fulfill the conditions, the 
algebraic sum of the static moments in the two positions of loaded and empty cages at top 
and bottom of shaft must be equal : 

(Wr + TT 4" "" = (TT + ly) — (W + Wr)r (6) 


whence, 


R 


r(2Wr + 2Tr 4" w) 

21F 4- w 


(7) 


in which R is the only unknown quantity. Since rope weight appears in only two terms 
of Eq (6), the drum as designed equalizes only for the assumed depth of shaft. Width 
of drum depends upon depth of shaft, size of rope, and angle of drum face. For angles 
under say 30®, the horiz pitch of grooves need not be more than l/s to 1/4 in greater than 
rope diam; for large angles, pitch may be 2 to 2.5 times rope diam, to make grooves deep 
enough to prevent displacement of rope. Number of grooves = rope length divided by 
mean circumference of drum. 


Passing point of cages. Let S *= distance of passing point below surface, ft; 2 = distance 
between top and bottom landings, ft; d and D = respectively small and large diam of drum at 
bottom of groove, ft; a =» rope diam, ft; n number coils of rope on one drum with cage at top 
(2 or 3 extra coils at each end being usually allowed). 


Then (Fig 11) 




21 

x(Z) + t2 + 2a) 


(7a) 


At passing point (which is below middle of shaft) the number of rope coils on ahce « number 
of coils on 6/gc, since passing point is reached when drum has made half the revolutions required 
for a complete hoist, and both ropes are winding on mean diam. Length of rope unwound from 
hfgc <S, whence: 


d + D 


^(ftc 4- fg) 


X - and 
2 


he -4- fg 


+ D 


3D 4- d 


Substituting, 


5 - ^ (3D 4- d) 


If D and d be taken as diam of lope coils, 


n 


21 

7r(D + d) ' 


whence, S 


I (3D 4- d) 
4 (D 4- d) 


(8) 

(9) 


Cylindro-conical drum (Fig 8, 9, 12) is a modification of the conical type and used for 
the same general purpose. Advantage: it is cheaper and lighter than the simple conical 
drum, because both ropes may use any and all portions of drum surface. This is accom- 
plished, however, at the expense of true equalization of hoisting load. 


To increase rate of acceleration, and attain max speed sooner, drums are sometimes coned 
steeply for a few rev, lemamder of drum being cylindrical This is more useful for electric than 

steam hoists, as it reduces the heavy starting current 
required, especially with induction motors. Common prac- 
tice with electric hoists is to make the hrst few turns, at 
the small diam, cylindrical in foirn, then a steeply-inclined 
portion, and ending with a few turns on a cylindrical sur- 
face at the large diam. Each drum must be designed to 
suit conditions of load, speed and electric current factors. 
Fig 12 shows a steam-driven cyhndro-comcal drum at 
No 5 shaft. Tamarack Mining Co, Mich. Drum weighs 
300 000 lb. Each cone holds 2 12r> ft of 1.5-in rope, the 
center, 3 87,5 ft. Total length of each rope, 6 000 ft At No 2 
shaft, Quincy mine, Hancock, Mich (23), the drum is 
cylindro-conical, small diam, 16 ft; large diam, 30 ft; 
length, about 30 ft. Each cone has 42 5 turns, the com- 
mon cylindrical part, 76 turns. One cone, plus cylindrical 
surface, holds 10 000 ft of 1 B/s-in rope. 

Fleet angle is the angle through which the rope 
travels across the drum face, measured in a plane 
through the drum and sheave centers, between sheave 
center and extreme position of rope at ends of drum 
face. The angle generally varies between 1.5® and 4®; 
when excessive, it increases wear on rope and makes even winding on drum difficult. Meth- 
ods of decreasing fleet angle: (a) increase dnim diam, with consequent decrease in length; 
(6) increase horiz distance between drum and head-sheave ; (c) wind rope on drum in morb 
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than one layer, or use reels; (d) increase height of headframe; (e) use Koepe hoisting 
system, with or without Ohnesorge wheel (Art 1) ; (/) end-lift sheave and drum arrange- 
ment (Fig 13). Most common methods are a and b; c, d, and / are used only under severe 
topographic conditions; e, with Ohnesorge sheave, is used in Europe, but not in U S. 
Fleet-angle determination. If d — horiz distance between sheave and drum-shaft cen- 
ters (ft), h — vert distance between sheave and drum-shaft centers (ft), w = width of drum 
covered by rope (ft), and F = fleet angle, then 

tan I = j -5- '/dTfTp (10) 

Drum and head-sheave arrangements, Fig 13, are referred to as front and end lift. 
End lift (drum in line with shaft compartments) is used to reduce the fleet angle when 
required by topographic conditions around collar of shaft. 

Reels for flat rope have same effect as conical drums in tending to equalize static 
hoisting moment. Advantages: small space occupied; smaller cost; due to absence of 



Fig 13. Diagram of Two Arrangements of Hoist with Reference to Headframe 


fleet angle, hoist may be placed close to shaft; weighing less than drums, less power 
is lequired for acceleration. Disadvantages: flat rope costs more, is heavier and has 
shorter life than round rope of same strength. A few reel hoists are still used, but no new 
installations are being made. 

Flat rope (Art 6, 7) increases winding radius at each rev by an increment equal to rope 
thickness; hence, the result is theoretically the same, and same calculations apply, as for 
round rope and conical drum. But in making flat rope, practical considerations fix its 
thickness for a given width, thus modifying the winding increment, so that equalization 
is even more imperfect than with conical drum. Disadvantage: lack of steadying effect 
on engine produced by heavier drum (4) . Also, rope troubles are serious (Art 7) . 


Design. Diam of reel hub d should be at least 60 times the rope thickness. Having selected 
rope of proper strength, following are the relations between small and large winding diam d and Z>, 
length of rope I, and its thickness t, all in in. Annular area between inner and outer surface of 
coiled rope “ It', whence, 

It - 0.25 T (D* ~ <F) (11) 

and, if D zd, It ■■ 0.25 r d^ (x^ — 1) ' 


whence. 




,25 r (x* - 1) 


( 12 ) 


in which x •• 2> + d, found from Eq 8. Knowing d, 2> -• xd. 



12-12 HOISTING PLANT, SHAFT POCKETS AND ORE BINS 

Bxftjilpl#, RopOi 2 000 ft "B 24 000 in of 4 by S/9 in, 2.65 lb per ft ■* 5 320 lb. Ore, 6 000 lb; 
skip. 3 000 lb. Then » - (2 X 3 000 + 2 X 5 320 + 6 000) -r 2 X 3 000 + 6 000) « 1.88. Sub- 
stituting in Eq 13: 

d - 

Hence, D « 1.88 d =» 1.88 X 67.2 in » 10.52 ft 

Comparison of systems of equalization. Fig 14 shows static moments for different 
depths, based on calculations for a 3 000-ft shaft, skip 3 000 lb, ore 8 000 lb; hoisting in 
balance. Working stress in rope, including bending stresses, is taken at 50 000 lb pea* sq 
in of steel section, as near as standard size can be selected. Conditions; Cylindrical 



Depth of load below Surface, Feet 
Fig 14. Static Hoisting Moments 


drums, 9 ft diam, rope 1.25 in @ 2.45 lb per ft. Conical drums, 9 by 18.45 ft, rope 1.25 
in, 69.6 coils. Reels, small diam 60 in, large diam 144 in, rope 3/g by 5 in @ 3.25 lb per ft, 
112,4 coils. Whiting sheaves, 12 ft diam, rope 1 i/s in @ 2 lb per ft. Koepe sheave, 
24 ft diam, rope 1 in @ 1.58 lb per ft, with 1-in tail rope. Thus the Koepe sheave, because 
of its large diam, requires largest engine; its static moment is greatest, but is uniform. 
Curves for conical drums and reels show good equalization when hoisting from shaft 
bottom; but the dotted lines, giving moments when hoisting in balance from half the 
depth, show that larger engines are necessary for hoisting from intermediate levels in 
balance than for hoisting from bottom only. 

Drum construction. Small drums are cast in one piece, with brake ring and clutch 
surfaces. Large drums are cast in parts, to prevent shrinkage stresses and for convenience 
of transport. The shell and flanges may be cast in one piece and each spider separately, 
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or shell itself cast in segments. To reduce wt, the shell may be of steel plate (Fig 14a), 
and large drums (especially when conical) may be of cast steel instead of iron. If drums 
are loose on shaft and controlled by clutches the hubs are bushed with brass or bronze. 



Fig 14a. Drum, 8 ft Diam X 4 ft Face 


Main drum may have a small internal drum, on which is wound extra rope to be let out as 
shaft is deepened. Rope life is increased by grooving the drum. 


Drums at Belmont Mine, Butte, Mont (9) are steel plated cylindrical, 12 ft diam by 93 in face. 
The shells are grooved, fitted on the inside with 3 expandable wedge rings and bolted to Cl spiders 
provided with removable bushings. Drum shell, end rings and spider are made in halves and spht 



parallel to drum-shaft axis. The iron brake and clutch rings are cast integral and bolted to drum 
end flanges, which are of cast steel. The drum holds 5 500 ft of 17/8-in rope in 3 layers. 

Inertia effect (3) of the drum, important in calculating duty cycles, is influenced by 
design and varies with different makers. Hence, for final calculations, the inertia effect 
1—35 
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is determined by the maker. For estimating purposes, Fig 15, 16 are included here, but 
it should be remembered that the accuracy may not be better than 1 to 2. G. Bright (8) 
suggests obtaining the inertia of a cylindrical drum by allowing 200 lb per sq ft of drum 
surface with a radius of gyration assumed 3 inches pside the drum surface. 



Fig 16. WR2 of Conical Druma (double faced). For estimating purposes only. For gears add 10^ 

(Gen Elec Co) * 


3. BRAKES AND CLUTCHES 

Brakes are of band or post type (Fig 17, 18), applied for small hoists by hand or foot, 
through systems of simple levers. Brakes of large hoists are power-operated ; applied by 
a weighted lever and released by lifting the weight with an air, oil or hydraulic cylinder. 
Band brakes are used for both large and small hoists, post brakes only for the larger sizes! 
The levers of band brakes are sometimes designed to increase the brake pressure by a 
constant application of braking force; more desirable for hand than for power brakes. 
Hand emergency brakes, on hoists equipped with power brakes, may have a differentiai 
motion tending to tighten the brake automatically after being applied. Their instan- 
taneous action is objectionable. 

Band brake. Assuming diam of brake surface is same as that of dnim, the band and 
nnchorage must stand greater tension than that of the rope (Eq 14, 15). 

Let W * friction between band and brake surface »* pull on rope, 

, Ti and T 2 « tension respectively at anchorage and at end of brake band, 
e ss base of Naperian system of logs « 2.71828, 

/ *■ coefficient of friction, wood on iron « 0.30, 
c *■ ratio of length of arc of contact of brake to radius of brake surface, 
a ■■ angle of arc of contact, deg. 

TT » Ti - Ta 


Then 


(14) 
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But 

T, - T, + or - eC^iso”) 

T 2 

fmd 

log.o (0 - / ^ a I 0810 (2.71828) = ^ (0.4343) fa 

or 

rp -L.(0.4343)/a 

T 2 

When 

a - 2700 and / =. 0.30, ^ = 10»-«'“» = 4.11 

i 2 


(15) 



Fig 17. Band Brake 


Substituting in Eq (14), W ■■ 0.757 T\\ whence, Ti is about 1.3 times the rope pull under best 
conditions and with drums nearly at rest. If braking surfaces are in poor condition, / is reduced 
and Ti increased. If brakes are applied 
suddenly, with hoist in motion, Ti may be 
doubled or tripled, if tension Ti be sufficient. 

Hence, with heavy loads, the limit of hand 
braking with practical leverage ratios is 
soon reached. If hoisting in balance, with 
over and under ropes on one drum, brake 
band should be in halves (Fig 17), so that 
the anchorage will always take the load due 
to either rope, otherwise one rope will pull 
against the brake lever. 

Post brake requires a smaller move- 
ment for necessary clearance from 
brake ring. Also, the load is always 
carried by the anchorage, regardless of 
direction m w'hich the rope winds upon 
drum. Frames of post brakes should 
have PARALLEL MOTION, to sccurc uniform pressure over entire surface of brake shoe. 
This is done by supporting the frames on swinging links (Fig 18, in which the weighted 
lever for applying the brake is not shown). Post brakes increase first cost of hoist 4-8%, 
but are now used on nearly all large hoists. 

Clutches are of jaw or friction type. Jaw clutch is simple and safe, but, because 
of its positive action, both drum and engine must be at rest, or nearly so, when clutch is 

thrown in gear, and the two 
parts of clutch must be in 
certain relative positions be- 
fore they will mesh. It is 
suitable where hoisting is gen- 
erally in balance and from 
one level. Simple jaw clutch 
is used only on the pinion 
shaft of geared hoists. Mul- 
ti pie-tooth clutch, with large 
number of teeth in a circle 
near periphery of drum, and 
a sliding member on shaft, is 
sometimes used. Nearly as 
close adjustment can be had 
as with friction clutch. Fric- 
tion CLUTCH is preferable 
where relative positions of 



Fig 18. Parallel-motion Post Brake, Operated by Comp-air cages are changed frequently. 
Cylinder (Nordberg) or a nice adjustment of dis- 

tance between them is neces- 
sary. It is best suited to general mining purposes. Cone friction clutch is satisfactory 
for drums up to 48 in diam, and may be used on larger drums. But, with large drums, 
heavy loads, or high speeds, the end thrust on drum-shaft bearings and friction on thrust 
pin cause trouble. Cone friction is always operated by hand power. Band friction 
clutch costs moie, but is otherwise preferable. It is readily inspected and adjusted 
for wear. Fig 19 shows the Lane type. It comprises a cast-iron spider a, keyed to 
drum shaft, and fitted with fixed arm 5, and movable arm c, pivoted at d. The 
arms carry steel band e, lined with wooden blocks. Inner end of c is connected to 
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sliding sleeve / by toggle g. When the sleeve is moved toward drum the band tightens 
on the friction ring j. When released the band is prevented from sagging by the lifters k. 
On drums 8 ft diam and over, the band is usually made 


in halves. As toggle levers g approach the normal the 
tensile strain in the band becomes very great, with risk 
of excessive stresses if clutch is set too early. Since clutch 
path may be greasy, coeff of friction is assumed at 0.2. 
With the rope pull reduced to its equivalent at periphery 
of clutch path, the tension at ends of band may be cal- 
culated as for band brakes. The rope should be so 
wound on drum that the greatest pull is on fixed end of 
band; less tension is then required in the clutch. It is 


b 



Fig 19. Iiane Band Friction Clutch 



Fig 20. Auxiliary for Hoisting 
Engine Conti ol 


recommended that the leverage between end of band and the sliding sleeve be 20 to 1. 
Assuming effic of 50% for the clutch gear, when the band tension and force required on 

the sliding sleeve are known, the size of clutch-engine cyl- 
END VIEW ^0 inder is determined by working back through the lever- 

/ age system. 

^ Multiple-arm disk clutch is often used on large hoists. A 

\ j r |r n driver, keyed to drum shaft, carries two ribbed rings supporting 

W wooden blocks, between which works the steel clutch-ring of 

f—iJrLjWt r*~(l drum. The ribbed rings are actuated through toggles, moved by 

ffl' a sleeve sliding on the driver 

* A hub. Clutch is self -locking 

o 111 ■■ If Si -3 when thrown in, and stresses 

J'VkH - a J do not tend to disengage it; it 

i9 T~ T/? ^ ^ superior to the Lane type, 

^ I A I in that it works equally well 

5 a, I j g whether the hoisting rope is 

I I JuL r~ g wound under or over. 

■ Weight 8 

III [|4 m 11 1 1 . . ' ' ■■■pv Auxiliary engines (Fig 

I " “ r I "m y ~ 20) fop brakcs, clutches and 

TV reverse are operated by 

I / \ steam, air or oil under pres- 

i M sure. Brakes should always 

hf ^ J l^ IX a '' applied by a weight and 

< ^ ~ ■ - ^ j I / released by power, so that 

— — M ,, ^ they are set automatically 

if power fails. In steam 

Fig 21. on-operated Brake Engine, with Automatic Stop, for same form of 

Electric Hoist engine often operates brake, 

clutch and reverse. 

Steam and air operate expansively. Because of cylinder condensation of steam, operator can 
not definitely control motion of piston of auxihary engine; hence, a cataract cylinder (Sec 40) is 
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placed tandem with steam cylinder. Valves of both cylinders are controlled by one hand lever 
with a “floating lever” motion. Opened by hand, the ordinary valves are automatically closed by 
motion of the pistons. Fig 20 shows valve motion of auxiliary engine; a is steam cylinder and 6, oil 
cataract cylinder. Hand lever opens steam and cataract valves, and motion of piston rod, acting 
through / and i, closes them after a movement proportional to that of hand lever has taken place. 

Auxiliary engines operated by oil (Fig 21), under pressure from an accumulator or oil-pressure 
reservoir, do not require a cataract cylinder, as the liquid is non-expansive and only one cylinder 
needed. Control is by a floating lever, to make motion of piston coincident with that of operator’s 
lever, so that any pressure can be applied and held. Recent types have auxiliary valves for apply- 
ing brakes automatically, in connection with safety devices against overwinding (Art 34), or failure 
of steam pressure, or current in case of electric hoists. 


4. MOTOR AND HOIST CONNECTIONS (3) 

First-motion or direct-acting hoists have the engine or armature shaft directly con- 
nected to drum shaft, through rigid flanged couplings keyed to or forged on the shafts, 
or the armature is pressed on an extension of drum shaft. First-motion steam hoists are 
used for large outputs, or depths requiring high hoisting speeds. First-motion electric 
hoists always use D C motors, because of the poor electrical characteristics and high costs 
of induction motors for these purposes. In the dual-motor drive, sometimes used for 
large hoists, half the motor capacity is coupled at each end of drum shaft. This better 
distributes the shaft stresses, lessens rotor inertia effects, and insures against complete 
interruption of service. 

Second-motion hoists have one gear reduction. With herringbone gears, which permit 
high tooth speeds and large gear reduction (15 to 1), double reduction is rarely needed ex- 
cept for small capacities. This type is well adapted to an A C high-speed motor or 
a steam engine. The motor has two bearings, and the armature shaft is connected to pinion 
by a flexible coupling. 

Conversion of steam hoists to elec drive may be made by bolting a gear to the crank disk, 
and coupling the motor to the shaft of a pinion meshing with the gear. The drag-link connection 
has been used in So Africa. The link connects the engine crank to a similar crank on the motor 
or to an intermediate gear shaft. 


6. HOISTING SHEAVES 

Sheaves are generally of the bicycle spoke type; of C I in one piece, a C I-rim with 
W I spokes, or of a welded structural-steel skeleton type (10). Tread or bottom of groove 
must be true, with a radius slightly larger than the rope. Voigtlander (11) recommends: 


Diam of rope 

Tolerance of groove diameters 

1/2 in and smaller 

9/i 6 in to 1 in 

1 l/i6 in to 2 in 

Over 2 in 

+ V 32 in minimum to +3/32 in max 
+ V 16 in minimum to +V8 in max 
+ 3/82 m minimum to +3/i6 in max 
+ 1/8 in minimum to + V4 m max 



Fig 22. Wrought-iron Spoke Sheave 


Sheave grooves may bo lined with wood blocks, grain on end, or steel liners. Depth of 
groove and width at rim are 3.5 to 4 times rope diam. Sheaves of minimum wt should 
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be used to reduce the inertia effect on rope when engine stops, which causes a scrubbing 
action and wear on the rope. Spokes of W-I sheaves are cast into rim and hub (Fig 22 
and 23) , making an angle of about 7® with plane of sheave. Sheave shaft or arbor is solidly 
keyed in the hub, and supported in heavy bearings. Hub is sometimes held between 
2 collars on the arbor, one being turned solid on arbor, the other split, fitting in an annular 
groove in arbor, and bolted to hub (11). 

Bearings are of the post type (Fig 24) , with the cap at 45® to plane of base, or of the ordinary 
horia type, depending on design of headframe (Art 23). Post bearings may be used in either vert 
or horiz position, having the advantage that the resultant of the rope pull always falls approx in 
bottom of bearing. Journals should be so proportioned that the umt press does not exceed 200 lb 
per sq in, to pernut proper lubrication 

Costs of sheaves may be computed at 10 to 12^ per lb for weights in Table 1. 

Diameter of sheave, mea- 
sured at bottom of tread, de- 
pends* upon diam and type of 
rope. It should bo as large as 
conditions will permit, consider- 
ing economy of first cost with 
respect to life of rope. Makers’ 
lists advise a minimum ratio of 
diam of rope to diam of sheave 
of 1 : 48 for 6 X 19, and 1 : 84 
for 6X7 cast- and plow-steel 
rope. With these ratios, bend- 
ing stresses are approx 10% 
of ultimate strengths of rope 
for crucible cast steel, and 8% 
for plow steel. For economical 


Fig 23 Wrought-iron 
Spoke Shea\e Hub 
and Him Ends of Spoke 


Fig 24 Sheave Bear- 
ing, 45° Type 

wear, the ratios should not be less than 1 : 75 for 6 X 19 rope and 1 : 125 for 6 X 7 rope; 
equivalent to a ratio of 1 : 1125 between individual wires and sheave diam. For flat ropes, 
diam of reel hub should be at least 80, and of sheave 150, times rope thickness, 

U S Bur of Standards (13) recommends sheave diam for steel rope as follows: for 
6X7 rope, 85 times diam of rope; 6 X 19 rope, 50 times diam of rope, and never less than 
20; 6 X 37 or 8 X 19 rope, 30 times diam of rope. 




Table 1. Sheaves for Round Rope 


Diam, 

in 

Type 

Max 
diam of 
rope, m 

Journals 

Wt, 

sheave 

only, 

lb 

Wt 

complete, 

with 

shaft and 
boxes, lb 

Diam, 

in 

Length, 

in 

16 

Cast iron 

6/8 

ii/j 


58 

92 

18 

44 

1/2 



86 

120 

20 

<< 

5/8 

11/2 


85 

139 

24 

ii 

5/8 



115 

190 

24 

4i 

3/4 

13/4 


115 

165 

24 

41 

5/8 



150 

220 

30 

44 

5/8 



165 

315 

30 

44 

7/8 

2 


150 

200 

30 

44 

8/4 

1 



175 

300 

36 

14 

31/2 

8 

J50 

607 

36 

44 

7/8 



275 

400 

36 

“ 

7/8 



155 

225 

36 


7/8 

2 


271 

321 

42 


3/4 



440 

665 

42 

44 

7/8 



272 

375 

42 

44 

7/8 



470 

690 

48 

44 

1 

4 

8 

600 

961 

48 

44 

7/8 



460 

750 

48 

14 

7/8 



368 

460 

48 

44 

7/8 



565, 

690 

60 

14 

1 



900 

1 200 

60 


1 

4*1/2 

8 

1 050 

1 467 

60 

«« i 

1 



540 

725 

60 

W-I arniB 

1 1/4 

3 3/8 



1 200 

72 

Cast iron 

Jl/8 



1 200 

1 800 

72 

W-I arms 

1 

41/2 

10 

1 500 

1 973 

72 

W-I arms 

11/4 

3 3/8 


1 440 

2 040 

84 

Cast iron 

1 1/8 



1 530 

2 400 

84 

W-I arms 

1 1/8 

51/2 

“lo” 

2 000 

2 764 

84 

Cast iron 

11/8 



1 535 

2 300 

84 

W-I arms 

1 1/2 

4 ■' 


2 000 

2 800 

96 

Cast iron 

11/4 



1 950 

3 030 

96 

W-I arms 

11/4 

6’" 

12 

2 700 

3914 

96 

“ 

11/2 

4 


2 450 

3 450 

120 


13/8 

7 

* 13 

3 500 

5 160 

120 

“ 


4 


3 600 

5 000 

144 


’l 1/2 

8 

15 

6 100 

8 070 

144 



5 


4 500 

6 000 
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6. VEGETABLE-FIBER ROPE 


Materials, in order of strength: manila hemp, or fiber from abaca plant (sometimes 
erroneously called aloe), Baden split hemp, Russian and Italian hemp, American hemp, 
sisal, and cotton. Many grades of each material are used, price depending upon strength, 
length of fiber, and care in cleaning. 

Construction. Hemp rope is of 3, sometimes 4 or more, strands, each composed of many fibers; 
which may be individual fibers, for very small rope, or yarn spun from a number of fibers. Original 
fibers rarely average over 3 ft long, so that strength of rope depends upon the binding action of the 
twisted fibers under tension, and friction between them. For same diam, 4-6trand rope has greater 
wearing surface and strength than 3*«trand. Manila rope is 25% stronger than sisal. 

Strength. Following formulae (C. W. Hunt) give the relations between strength, size, and 
weight of rope: 

r « 720 - 7 106 » 22 500 IF - 9 048 A 

W « 0.032 - 0.316 = 0.000044 T - 0.402 A 

T " ultimate strength, lb; C ■■ circumference, in; A — nominal area, sq in; d ■» diam, in; 
W — wt, lb per ft. 

C. Bach gives modulus of elasticity of rope as follows: 

New manila, 1.97 to 2.17 in diam, loosely twisted, 113 806 lb per sq in 

“ “ “ “ “ hard “ 135 145 “ 

New Baden split hemp 1.97 to 2.17 m diam, loosely twisted 149 371 ** ** 

“ “ “ hard “ 177 822 “ 

Table 2. Ultimate Strength and Weight of Best Manila Rope (av of different makers) 


Diam, 

in 

Wt per 

1 000 ft. 
lb 

No of ft 
and in 
in 1 lb 

Ultimate 
strength, lb 

Diam, 

in 

Wt per 

I 000 ft, 
lb 

No of ft 
and in 
in I lb 

Ultimate 
strength, lb 

IV4 

23 

48-0 

450 to 

620 

1 V2 

746 

1-6 

1 7 000 to 1 7 600 

3/8 

42 

25-0 

1 000 “ 

1 600 

13/8 

826 

1-2 

19 500 ‘ 

‘ 20 000 

V2 

74 

12-0 

1 760 “ 

2 400 

13/4 

1 000 

1-0 

23 700 ‘ 

‘ 25 000 

Ws 

132 

7-3 

3 140 “ 

4 000 

2 

1 291 

O-IO 

30 000 ‘ 

‘ 33 000 

3/4 

167 

6-0 

3 970 “ 

4 700 

21/4 

1 620 

0-7 5 

37 000 • 

‘ 44 000 

7/8 

1 

250 

4-3 

5 900 " 

6 500 

21/2 

2 000 

0-6 

43 000 • 

‘ 55 000 

297 1 

3-7 

7 000 “ 

7 500 

23/4 

2 380 

0-5 

53 000 • 

‘ 63 000 

11/8 

405 

2-6 

9 600 “ 

10 500 

3 

2 983 

0-4 

62 000 • 

‘ 70 000 

11/4 

465 

2-2 

1 1 000 “ 

12 500 

31/4 

3 300 

0-3 5/8 

75 000 • 

‘ 78 000 

13/8 

597 

1-9 

14 000 " 

15 400 







Uses. For mining in America fiber rope is used chiefly for windlasses, whims, and light crane 
and derrick work Chief advantage for prospecting is that the rope is uninjured by kinks, which 
would destroy wire rope, and there are no projecting broken wire^ to injure workmen’s hands. 
For same strength a O-strand, 19-wire cast-steel rope is as flexible and weighs less than manila. 
The only advantage of tarring a rope is prevention of contraction and expansion in wet and dry 
weather. Tarring increases wt 20 to 25%, and decreases strength. Some makers apply a dressing 
of graphite and tallo\^ oi fish oil to the fibers, as the rope is made, to act as lubricant and prevent 
excessive internal wear, w hen rope runs over sheaves. In Belgium, flat vegetable fiber ropes are used 
for hoisting from deep colliery shafts These taper in both width and thickness; ratio of width to 
thickness is constant, and is from 6 4-1 to 8 : 1. Manila rope is now rarely used, except for 
prospecting, winze hoisting, etc. Steel rope is always employed in shafts. 


7. WIRE ROPES (14, 22, 24-29) 

Materials are charcoal iron, Swedish iron, and various grades of cast steel. Iron ropes 
are still used for special purposes, but steel is practically universal for mining. General 
trade names are: “iron” (commonly meaning low-carbon steel), “cast steel,” “extra 
strong cast steel,” “plow steel,” and “extra plow steel.” Makers have various trade 
names for their extra plow-steel quality. Different tensile strengths are due to methods 
of manufacture and treatment of wire. Plow steel is lower in P and S, and higher in C 
and Mn, than crucible steel. Toughness of wire is obtained by tempering, and tensile 
strength is increased by repeated drawings, so that from same grade of steel the finer wires 
are stronger than the larger. 

Modulus of elasticity in tension is 28 500 000 to 30 000 000 lb per sq in. Experiments 
with nickel and vanadium steel and other alloys for rope wire have not been successful. 
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Table 3. Ultimate Tensile Strength of Rope Wire, lb per sq in 


Size of wire 

Charcoal iron 

Crucible steel 

Plow steel 

No 6 to No 8 

80 000 to 

85 000 

120 000 to 160 000 

200 000 to 240 000 

No 9 to No 16 

85 000 “ 

95 000 

130 000 * 

‘ 180 000 

220 000 ‘ 

* 280 000 

No 16 to No 18 

95 000 " 

98 000 

150 000 ‘ 

‘ 190 000 

240 000 ' 

• 300 000 

No 1 8 and finer 

98 000 " 

115 000 

180 000 ‘ 

‘ 200 000 

260 000 ‘ 

‘ 320 000 


Structure, or number and arrangement of wires in a rope, depends upon use for which 
it is intended. It is usually designated numerically by stating number of strands and 
number of wires per strand. Thus, 6-strand rope with 19 wires per strand is called a 
6 X 19 rope, and one with 6 strands of 7 wires per strand, a 6 X 7 rope. Except for 
special purposes, the strands of all hoisting and running ropes are laid around a hemp core, 
which absorbs and holds lubricant, and acta as a yielding cushion in which the strands may 
embed, thus preventing frictional wear when bending on sheaves and drums. The hemp 
center adds no appreciable strength. Ropes with a wire center are suitable only for 
standing ropes, lacking the flexibility necessary for hoisting or running ropes. Wire 

core adds about 10% to wt and cost, but 
less than 10% to strength. Ordinary 
TYPE comprises 6 strands of either 7 or 19 
wires, with hemp center. In 6 X 7 rope 
each strand has 6 wires twisted around 1 
wire (Fig 26) . In 6 X 19 rope each strand 
Fig 27 has 12 wires around 6 wires around 1 wire 
(Fig 25). A modification known as “three- 
size wire,” or Warrington strand, has the 7 inside wires of one size, the outer 12 being 
alternately larger and smaller (Fig 27). This increases area of metal and strength about 
10%. For same diam of rope, the 6X7 has wires of about 64% greater diam than the 
6 X 19, and hence better withstands surface wear; but is less flexible, requiring larger 
sheaves and drums. Thus, 6X7 rope is used for slopes and inclined planes, where 
surface wear is great; 6 X 19 is best for vert shafts, and wherever flexibility is 
important. A 6 X 16 two-size wire rope is often used on slopes , as it wears better 
than a 6 X 19 and is more flexible than a 6 X 7. Twist or lay of the strands in 
a rope may be either right- or left-hand, right-hand lay being standard (Fig 28) ; Fig 29 
shows left-hand lay. Ordinary lay rope has the strand wires twisted in opposite 



Fig 25 Fig 26 



Fig 28 Fig 29 Fig 30 


direction to twist of strands in the rope. In a Lang lay (sometimes called “Albert” lay) 
the strand wires are twisted in same direction as the strands (Fig 30), giving larger area 
to resist wear than ordinary lay rope. The latter is more elastic and resists shocks better, 
does not tend to untwist so much as I>ang lay, and is preferable for hoisting with buckets, 
where spinning is objectionable. (A rope which no longer spins is termed “dead.”) With 
Lang lay a broken wire may project farther and do more damage than in ordinary lay, but 



(a) (b) (c) id) (e) 

Fig 31. Special Forms of Wire Rope 


the rope is more easily inspected for internal wear and corrosion. Length of lay (pitch 
of helix) of wires in a strand is 8 to 12 times the diam of strand; lay of strands is 7 to 9 
times the rope diam. Long-lay rope wears better than short-lay, but short-lay is more 
flexible and elastic, and broken wires can not project so far. In 6 X 7 rope the diam of 
individual wires is 1/9 diam of rope; in 6 X 12 and 6 X 19 rope the diam of individual 
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wires average 1/12 and i/is, respectively, of rope diain. This is for new rope; after use, 
the rope wears smaller, and strands pack into the core, so that the ratio is increased. 

Special ropes. Extra flexible, 8 strands of 19 wires, with hemp core (Fig 31, a). Special 
FLEXIBLE, 6 strands of 37 wires, with hemp core, for use on small drums and sheaves (Fig 31, b); 
also 6 strands of 12 wires (Fig 31, c). Tiller rope, 6 strands, each being a complete 6X7 hemp- 
center rope, for use where extreme flexibility is necessary and where there is but little abrasion. 
Steel hawser, 6 strands, of 12 wires in a single layer about a hemp center (Fig 31, d); usually 
galvanised, and suitable only for standing rope or tow lines. 

Seale lay rope (Fig 31, «), 6 or 8 strands of 19 wires, each hav- 
ing an outer layer of 9 wires, about an inner layer of 9 smaller 
wires, about 1 central wire; wears well, and is intermediate m 
flexibility between 6X7 and 6 X 19 standard rope. Flattened- 
STRAND ropes are of two forms: one has 5 strands about a hemp 
core, each strand having 1 oval center wire, surrounded by 8 
wires (Fig 32, c), or 2 layers aggregating 27 wires (Fig 32, a), the 
outer wires being the larger; the oval wire is sometimes replaced 
by 3 small wires. The other forms in Fig 32 have 6 strands, 
each composed of a central triangular wire, surrounded by 7 
wires (d), or an outer layer of 12 wires, on an inner layer of 12 
smaller wires (b). These ropes are as flexible as 6 X 7 and 6 X 19 
standard rope of same diam. The center or “form” wires in the 
strands are of soft metal, and no account is taken of their 
strength. The shape of these strands exposes a larger wearing 
surface than the ordinary lay, with probable increase in dura- 
bility. Flattened-strand ropes are always Lang lay, and about 
equal in strength to standard rope of same quality of wire. 

Flat ropes have been used to some extent for equalizing load in deep shafts (Art 2), but few are 
now in service. They consist of a number of 4-.strand, 7-wire round ropes, without cores, side by 
side, and sewed together with soft iron wire. Ratio of width to thickness depends chiefly on number 
of component round ropes. The latter are alternately right and left lay, to counteract tendency to 
twist. The lay of their strand wires, and of the strands themselves, is longer than in standard 
round rope. Flat ropes are usually ripped apart, cleaned, and re-sewed 1 to 4 times before being 
discarded; records at a mine m Montana show 3 to 4 re-se wings in a total life of 2 years. 




Fig 33. Locked Coil Track Cable Fig 34. Locked Coil Hoisting Rope 


Locked-coil rope (Fig 33, 34) has no strands, the specially shaped wires being in layers, having 
alternately opposite lays, about a wire core. The rope m Fig 34 has the larger number of wires, 
of smaller gage, hence more flexible than that in Fig 33. The surface wires interlock, so that if 
one breaks its ends can not project. But, when outer wires are worn slightly smaller by abrasion, 
broken ends begin to project, and the rope is rapidly destroyed. Entire surface of the rope is avail- 
able for resisting wear. Inspection of condition of interior wires is practically impossible. These 
ropes are not suitable where exposed to action of acid mine water, and have rarely been employed 
for shaft hoisting in the U S, chief use is for track cables of aerial tramways (Sec 26). In So African 
shafts thev sometimes serve as guide ropes. 

Taper ropes, formerly used to some extent in Europe and So Africa, are now rare. In the U S 
a few have been employed in drilling deep bore holes; none for shaft hoisting. There are two forms: 
\n one the rope has same number of wires throughout, the taper being effected by brazing on wires 
of smaller diam, no two brazes coming at same point; in the other, one or more wires at a time are 
cut off, at regular distances. 


Preformed wire rope (15, 16) consists of preformed strands. Advantages claimed are: resistance 
to kinking, no spinning, broken wires he flat, ease of splicing (as it will not untwist), and use of 
processed fittings, small initial stresses in the rope. John A. Roebling’s Sons claim no material 
increase in strength for their preformed rope. 

Tests of rope wire are for tensile strength, per cent of elongation at rupture, torsion 

and flexure. Bending of a wire 
through 90°, and back to original 
position, around a radius equal to 
diam of the wire is considered one 
flexure. U S Govt specifications 
give following test for torsion (13) : 
Steel wire when uncoated shall 


Material 

Min number 360° turns 

Cast steel 

2 

Extra strong steel 

2 4 1 ^ ( diam of 

Plow steel 

2 2 1 \ wire, in 

Extra plow steel. . 

2 
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not break when one end is held and the other rotated the number of complete 360° 
turns stated in table. Distance between jaws of testing machine, 8 in. For impor- 
tance of fatigue and wearing tests see (12), and Boomsliter (14) states that the ability 
of steel to withstand repeated stress decreases greatly when stress exceeds elastic limit. 
Adams (22) states that a high fatigue limit is not the most important property of hoist- 
ing rope wires, because they are destroyed by overstressing and wear. 

Strength of wire rope can not be taken as the sum of strengths of individual wires, 
because of their angular position with respect to rope’s axis, and difficulty of making 
the rope and attaching fastenings so that each wire will take its proportionate load. In 
standard round rope each wire at some point makes an angle of about 28° with the rope’s 
axis, so that the useful strength of the wire is its actual strength multiplied by cos 28°, or 
0.883. Strength of the rope is therefore about 88% of aggregate strength of the wires. 
Tests by U S Govt indicate that ultimate strength of 6 X 7 rope is 90 to 92%, and of 6 X 19 
rope 80 to 85%, of ultimate strength of the wires. Tables 4 and 5 (American Cable Co) 
give wt, approx breaking strength, list price and minimum sheave diam for 6 X 7 and 
6 X 19 standard ropes (1932). Data from John A. Roebling's Sons are approx the same, 
with slight differences in prices. 


Table 4. List Prices per Foot of Hoisting Rope with 6 Strands of 19 Wires, 
American Cable Co, 1932 


Diam 

Cast 

steel 

Mild 

plow 

steel 

Plow 

steel 

Improved 

plow 

steel 

Approx 
wt per 
ft, lb 

Approx strength, ton of 2 000 lb 

Cast 

steel 

Mild 

plow 

steel 

Plow 

steel 

Improved 

plow 

steel 

23/4 

$2 10 

$2 55 

$3 00 

$3 45 

12 

10 

212. 

234. 

256 


294. 

21/2 

1 75 

2 10 

2 50 

2 80 

10 


176 

195 

214 


246. 

21/4 

1.44 

1.70 

2 00 

2 50 

8 

10 

144 

160. 

176 


202. 

21/8 

1.30 

1 52 

1 79 

2 15 

7 

22 

128. 

143. 

157 


181. 

2 

1 16 

1 34 

1 58 

1 85 

6 

40 

114. 

127. 

140 


161. 

17/8 

1.02 

1 25 

1 46 

1.75 

5 

63 

100 

112 

123 


142 

13/4 

.90 

1 10 

1 30 

1 60 

4 

90 

88. 

98 

108 


124 

16/8 

.77 

.94 

1 08 

1 30 

4 

23 

76 

85 

94 

i 

108 

11/2 

.66 

.80 

.93 

1 10 

3 

60 

65 

72 5 

80 

5 

92 5 

13/8 

.56 

.68 

.79 

.90 

3 

03 

55 

61 5 

68 


78 5 

11/4 

.46 

.56 

.65 

.75 

2 

50 

46 

51 

56 

5 

65 

1 1/8 

.38 

.46 

.54 

.62 

2 

03 

37 

41 5 

46 


53 


.31 

.37 

.43 

.50 

1 

60 

29 5 

33 

36 

5 

42 

7/8 

.25 

.29 

.34 1/2 

.39 

1 

23 

22 8 

25 4 

28 


32 2 

8/4 

.201/2 

.24 

.28 

.31 


.90 

16 8 1 

18 7 

20 

6 

23 7 

6/8 

.15 3/4 

. 18 

.21 

.221/2 


63 

11 8 

13 1 

14 

4 

16 6 

9/16 

.13 3/4 

.15 3/4 

.181/4 

. 19 


.51 

9 6 

10 6 

11 

7 

13 5 

1/2 

.12 

.133/4 

.16 

.17 


.40 

7 7 

8 5 

9 

4 

10 8 

7/16 

.101/2 

.12 

.14 

.151/2 


.31 

6 

6 6 

7 

3 

8.4 

3/8 

.091/2 

.11 

.13 

.141/2 


.23 

4 5 

5 

5 

5 

6 3 

6/16 

.091/4 

.10 3/4 

.121/4 

.131/2 


. 16 

3 2 

3 5 

3 

9 

4 5 

1/4 

09 

101/2 

. 12 

13 


10 

2 1 

2 3 

2 

5 

2 9 


Note — For galvanized rope, add 25% to list price; for rope with wire-strand center, add 
for independent wire center (any construction), add 15%. 


Stresses in hoisting rope are due to dead load, accelerating force, starting factor for 
slack rope, friction and bending stresses, depending on sheave diam, kind of construction, 
kind and size of wire. 

Dead-load stresses. Let W = wt of 1 cage and empty car or 1 skip; tc =* wt of ore, 
Wt *» wtof Irope; a *= acceleration, ft per sec per sec; Fi » accelerating force in ascend- 
ing rope; « accelerating force in descending rope; g =* acceleration due to gravity; 
then 


Dead-load stress ^ W w-]- Wt (16) 

(ppr _j_ -j- jYt) 

Accelerating stress in ascending rope, Fi ■■ a (17) 


Accelerating stress in descending rope, F% 


W a 
g 


(18) 


Boomsliter (14), Perry & Smith (23), Hogan (24), and others show that acceleration 
stresses in hoisting are much larger than usually assumed, because the elastic properties 
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Table 5. List Prices per Foot of Haulage Ropes with 6 Strands of 7 Wires, 
American Cable Co, 1932 


Diam, in 

Iron 

Cast steel 

Mild 

plow steel 

Plow steel 

Improved 
plow steel 

11/2 

$0.51 

$0.60 

$0 75 

$0.90 

$1.05 

13/8 

.43 

.51 

.64 

.76 

.88 

11/4 

.36 

.43 

.53 

.62 

.72 

11/8 

.30 

.36 

.44 

.51 

.58 

1 

.24 

.29 

.35 

.41 

.48 

7/8 

.181/2 

.23 

.27 

.321/2 

.37 

3/4 

.14 

.181/2 

.22 

.26 

.281/2 

6/8 

. 10 

.131/2 

.16 

.19 

.201/2 

9/16 i 

. 08 1/4 

.111/2 

.133/4 

.161/4 

.17 

1/2 i 

.061/2 

.09 

.101/2 

.121/2 

.131/2 

7/16 

.051/2 

.07 

.081/2 

.101/2 

.111/2 

3/8 

.041/2 

.05 3/4 

.06 3/4 

.08 

.08 3/4 

5/16 

.03 3/4 

.041/2 

.051/2 

.061/2 

.081/4 

9/32 

.031/4 

.041/4 

.05 1/4 

. 06 1/4 

.071/2 

1/4 


04 

.05 

06 

07 


Diam, in 

Approx wt 
per ft, lb 

Approx Strength, in tons of 2 000 lb 

Iron 

Cast steel 

Mild 

plow steel 

Plow steel 

Improved 
plow steel 

1 1/2 

3 38 

29 7 

62 5 

68 7 

75. 

86.5 

13/8 

2 84 

25 2 

53 

58 2 

63 5 

73.5 

11/4 

2 34 

21. 

44 5 

48 7 

53. 

61. 

1 1/8 

1 90 

17.2 

36 4 

40. 

43 6 

50. 

1 

1 50 

13 7 

29 

31 9 

34 8 

40. 

7/8 

1.15 

10 5 

22 4 

24 6 

26 8 

30 8 

3/4 

,84 

7 86 

16 5 

18 1 

19 8 

22.8 

5/8 

.59 

5 52 

11 5 

12 6 

13 8 

16. 

9/16 

.48 

4 49 

9 4 

10 3 

11.3 

13. 

1/2 

.38 

3 57 

7 5 

8 2 

9. 

10 3 

7/16 

.29 

2 76 

5 8 

6 3 

6.9 

7.9 

3/8 

.21 

2 05 

4 3 

4 7 

5 15 

5.9 

6/16 

. 15 

1 43 

3 1 

3 35 

3 65 

4.2 

9/32 

.12 

1.17 

2 52 

2 72 

2.95 

3 4 

1/4 

094 


2 

2 15 

2 35 

2 7 


Note — See under Table 4 


of rope introduce considerable periodic acceleration stresses. Boomsiiter gives following 
formulas: 

■S (max) = TV- [l + - + ] ( 19 ) 

S (max) = greatest stress in rope when upper part is uniformly accelerated; m — ratio 

of alack or stretch in rope to its stretch under wt of cage; \V, a and g, as above. If no 

stretch or slack is assumed, then 

S max - H' [ 1 + ^ + ^ (20) 

Compensation for slack rope by the use of springs is of little value. Following dynamometer 

tests show effect of slack; total length of rope below sheave not stated. 


(1) 

Empty cage, 4 000 lb 

Aver 

stress, 

lb 

(2) Cage and 

4 empty cars, 6 375 lb 

Aver 

stress, 

lb 

(3) Cage and 
loaded cars, 1 1 300 lb 

Aver 

stress, 

lb 

Lifted gently. 

4 030 

Lifted gently . . 

6 725 

Lifted gently 

II 400 

“ with2 5m8lack 

5 600 

“ with 3 m slack 

II 200 

“ with 3 in slack 

19 025 

“ “ 6in “ 

8 950 

“ “ 6m “ 

12 250 

" “ 6in “ 

24 600 

“ “ 12in “ 

12 300 

“ “ 12in " 

15 675 

“ " 9 in " 

26 850 


Bending stress. Its effect and amount is a controversial question, on which authorities 
differ (12, 17). Practice tends to as large sheaves and drums as possible. With ample 
safety factor, the computed bending stresses and other more or less indeterminate factors 
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are often disregarded. Reasons for uncertainty respecting bending stresses are: differ- 
ences of opinion as to whether modulus of elasticity of the rope or of the wire should be 
used (although that of the rope is generally conceded to be correct); and doubt as to 
correctness of published data on moduli. Assuming that the modulus of elasticity of the 
rope should be used, and that published values are correct, then bending stress is expressed 
by: S » Ejiid + D), in which S «= stress in wires due to bending, lb per sq in; Er 
modulus of elasticity of rope ; d =* diam of largest wire, in ; Z) = diam of bend over sheave 
or drum on center line of rope, in. If A be aggregate area of wires (sq in), and Sr bending 
stress in rope (lb) , then for any rope the total bending stress is : 

Sr ^ ErX m D). (21) 

Table 6 gives values of A for standard 6X7 and 6 X 19 rope. American Steel and Wire 
Co give Er = 12 000 000 maximum for new 6-strand rope. Various authorities give 
Er a= 35% of the modulus of elasticity of steel wire = 10 150 000. According to A. W. 
Brown (18), 11 180 000 is a good aver of Er for the entire rope, after it has been in use 
long enough for the strands to bed into the core; 19 000 000 being modulus for old rope. 
Boomshter (14) states that stressing wire lope to 2/3 of the ultimate strength results in 
modulus reaching values between 14 000 000 and 18 000 000. 

Table 6. Approximate Diameters and Areas of Wire in Wire Rope 



6X19 hoisting rope 

6X7 haulage rope 

Diam of 
rope, in 

Diam of 
wire => 

of rope, in 

Area of 

1 wire, 
sq in 

Aggregate 
area of 
wires, sq in 

Diam of 

1 

wire = - 
9 

diam of 
rope, in 

Area of 

1 wire, 
sq in 

Aggregate 
area of 
wires, sq in 

3/8 

0 0241 

0 00045 

1 0 0513 

0 041 

0 00132 

0 0554 

1/2 

0 0320 

0 00080 

; 0 0912 

0 055 

0 00237 

0 0995 

VI 6 

0 0360 

0 00102 

! 0 1162 

0 062 

0 00302 

0 1268 

6/8 

0 0404 

0 00128 

0 1456 

0 069 

0 00374 

0 1571 

8/4 

0 0480 

0 00181 

0 2063 

0 083 

0 00541 

0 2272 

7/8 

1 

0 0564 

0 00250 

0 2850 

0 097 

0 00739 

0 3104 

0.0644 

0.00325 

0.3705 

0 111 

0 00968 

0 4065 

11/8 

0.0720 

0 00407 

0 4640 

* 0 125 

0 01227 

0 5153 

1 V4 

0 0805 

0 00509 

0 5802 

0 139 

0 01517 

0 6371 

13/8 

0 0890 

0 00622 

0 7090 

0 153 

0 01838 

0 7720 

11/2 

0.0970 

0.00739 

0 8400 

0.167 

0.02190 

0 9198 

16/8 

13A 

2 

0.1045 

0.1130 

0 1290 

0 00857 

0 01003 

0 01307 

0 9769 

1 1434 

1 4900 





In Eq 21,' A «= 42 X 0.25 Trd^, and if dR = diam of rope, then d = dR -i- 9 for 6X7 

rope. Substituting, and taking Er = 12 000 000 for 6 X 7 rope, Sr = 542 880 {d^R -5- D). 

For 6 X 19 rope, A = 114 X 0.25 wd^, d ^ dR 15.50 and Sr = 288 000 {d^R -i- D). 

For 6 X 37 rope, A » 222 X 0.25 Trd^, d - d/e 21.7 and *8/2 = 204 000 {d^R 4- D). 

For 8 X 19 rope, Sr - 172 500 {d^R ^ D), 

Fig 35 (American Steel and Wire Co) shows bending stresses in 6 X 19 rope, as calcu- 
lated by above formulas. 

Frictional stresses F may bo assumed as 1% of sum of dead load and acceleration 
stresses and are often neglected. 

Total rope stresses may now be expressed as follows, wl being wt of rope: 

P = 5, + + to? + o X ^ ( 22 ) 

Factor of safety. Past practice has been to use safety factor of 3.5 to 4 for hoisting 
ore and 6 for men, when stresses are determined as in Eq 22. U S Bur of Mines (19) 
recommends a factor depiending on length of rope (Table 7). Mining Regulations of 
Transvaal require factor of 6, bending and accel stresses being disregarded, but Vaughan 
(1) recommends making exception to this for deep shafts, especially if “capacity factor” 
(breaking load of rope 4- load at lower end of rope) is above 12. R. B. Greer (20) recom- 
mends a sliding-scale factor of safety for depths exceeding 2 500 ft, since the elasticity of a 
long rope in part compensates the stresses due to starting with slack rope, the wt of cage 
and contents and bending stresses being practically constant for all depths. Conference 
on Wire Rope (21) brought out the fact that rope with a safety factor of 2.1 had a 6-month 
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life as against 7 years with a 10.7 factor. It is evident that the relation of safety factor 
to life of rope should be seriously considered. 

Rope design. Present practice is to determine values of W, a, and L for working 
conditions. Assume a rope size and drum diam. Then from makers’ tables (or Tables 
4, 6) and Eq 21 determine wl and Sr. Apply 
these in Eq 22, and determine P, total stress 
in rope. Multiply by safety factor required, 
and compare with ultimate strengths in tables, 
selecting rope of a strength nearest that cal- 
culated. With this size rope, recalculate bend- 
ing stress and wt of rope, and check result. 

There is no fixed economical ratio between 
bending stress and load. In shallow shafts, 
the bending stress may economically be 0.33 
to 0.40 of total rope stress; but in deep shafts 
such a ratio leaves too little of the rope’s 
strength for net load, after wt of rope is de- 
ducted. Boomsliter (14) recommends rope design based on the empirical formula; 

S (max) = W (1.5 -f 0.1 a) (23) 


Table 7. Hoisting Rope Safety Factors 
for Various Depths of Shaft 


Length of rope, 
ft 

Minimum 
factor, 
new rope 

Mm factor 
when rope 
is discarded 

500 or less 

8 

6.4 

500 to 1 000 

7 

5.8 

I 000 to 2 000. . . . 

6 

5.0 

2 000 to 3 000. . . 

5 

4.3 

3 000 and more . 

4 

3.6 


Example. Assume wt of load W «■ 21 6001b, wt of 1 3/4-m rope wl 2 160 lb; acceleration 
o 8 ft per sec per sec. Then, from Eq 23, S (max) ■» 21 600 (1.5 -f* 0.1 X 8) ■■ 49 700 lb 


Friction (approx) 500 

Bending stress, 1 3 / 4 -in rope on 8-ft sheave 14 960 

Total stress 65 160 lb 


With safety factor of 4, 260 640 lb is the ultimate strength of rope required; satisfied with a 1 3/4-m 
extra strong plow-steel rope. Using Eq 22 and the same values: 

P 14 960 -f [21 600 -f 2 160 + 8 ] - 44 660 lb. 

With safety factor of 4, the ultimate strength of rope required is 188 600 lb, a smaller figure than 
obtained from Eq 23. In view of evidence as to increased life of rope with large safety factor 
formula 23 should be seriously considered. 



p I 2 3 i 5 G 7 8 9 10 11 12 13 U 15 18 17 18 10 80 

Diam of Sheave, ft 

Fig 35. Bending Stresses in Hoisting Ropes 


Choice of rope requires knowledge of the working conditions. Steel is always better 
than wrought iron, and plow or extra crucible steel preferable to ordinary steel. For same 
strength, a plow-steel rope may be used on smaller sheaves than wrought-iron rope, and 
on sheaves of same diam as for ordinary steel rope. For the same ultimate strength, plow- 
steel rope costs 10 to 12% more than cast steel, while, for same wt, plow steel is stronger 
by from 10% for small sizes to 35% for the larger. Hence, for heavy loads and deep 
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shafts, where rope wt is a large part of total load, plow- or extra plow-steel rope should 
be used, bending stresses being the same for cast- and plow-steel rope of the same diam. 

For slopes, inclines, and rope haulage, 6X7 rope wears better than 6 X 19, and Lang 
lay is preferable for endless-rope haulage where car gups are used. For vertical shafts, 
6 X 19 ordinary lay is standard U S practice. In shafts where men are hoisted it is 
psychologically desirable to use rope not smaller than 3/4 in, regardless of the actual 
strength required. 

Ropes of special construction (Fig 31, 32) are rarely used for mine hoisting in the U S, though 
present practice seems to tend toward round, preformed rope. Flat rope is obsolescent here, 
although retained where original reel hoists are in operation. In Butte District, Mont, 9 out of 24 
hoists listed (34) use flat rope. Present tendency in the Transvaal is towards ordinary round rope 
(30). In England the tendency in 1922 was to replace Lang-lay rope by flattened-strand or 
locked-coil (32). 

Wear and durability of rope depend upon diam of sheaves and drums, speed, conditions 
causing wear or abrasion of the outside wires, and conditions causing corrosion. These 
qualities are practically independent of the load, so long as it is within elastic limit of the 
wires. Large diam of drum and sheave increases life of rope; when too small, the rope’s 
outer wires break sooner. High speed causes rapid wear; excessive vibration causes 
fatigue and crystallization of the steel. If sheaves have rough grooves, and if fleet angle 
is large, wear on surface wires is severe, due to chafing of the rope on sheave flanges and 
between the rope coils on ungrooved drums. Internal wear and corrosion depend upon 
efficiency of lubrication, and whether the mine water is acid. In dry shafts, if rope is well 
lubricated, and sheaves and drum are of proper size, corrosion and wear of interior wires is 
negligible. In wet shafts, where water is acid, corrosion of wires determines the rope’s life. 

Rope life may also be increased (24, 30) by: (a) using electric hoisting engines, with 
Ward-Leonard control (Art 13), to insure smooth acceleration and retardation with conse- 
quent small increase in kinetic stress; (6) having braking electrically controlled and 
mechanically governed, to minimize stresses. 

Precautions should be taken to prevent abrasion and reverse bends. Plow steel resists abrasion, 
fatigue and severe shocks better than the lower grades of cast steel, and is always best for hea\ y 
service or where great strength is necessary, as in deep shafts. Deflecting sheaves and rollers on 
slopes and haulage ways should be properly alined, free running and as light in wt as is consistent 
with strength. Soft rubber makes good wearing surface for rolleis. Diam of turn-sheaves and 
rollers should be at least; 0.8 X deflection angle X diam of rope (19). 

Summary of work of 22 hoisting ropes, each 1 3/g-in diam, at Robinson Deep Gold mine, 
Transvaal; 19 of the 22 ropes were 6 X 19 Lang lay. Diam of wires, from 0.072 to 0.125 in, aggre- 
gate area, 0.6897 to 0 735 sq in; tensile strength of wires, 235 200 to 280 000 lb per sq in, average 
259 500 lb. Average aggregate strength of wires was in all cases greater than makers’ guarantee, 
average excess being 7.2%. Initial safety factors ranged from 6 35 to 11 2, aver 8.15. Ropes were 
discarded when factor fell below 6. Weights, from 2 84 to 3.16 lb per ft. After 6 months’ use 
reduction in breaking strength, from initial aggregate strength of wires, varied from 9.3 to 33 5%. 
Working life ranged from 139 to 706 days, work in ft-tons, from 341 058 789 to 1 551 805 722, 
distance run, 13 702 to 80 860 miles. Lowest cost per ft-ton, 0.0000824^, was with a medium priced 
rope. The 2 ropes showing shortest life were identical, each Lang lay, 6 X 19, 2 diams of wire 
were used in the strands, 0.114 and 0 076 in; tensile strength of wires, 257 600 lb per sq in, safety 
factor, 11.2. Work done by each rope was 479 297 214 ft-tons; distance run, 21 790 miles, cost 
per ft-ton, 0.0001708fi. Bb.st performance was by a rope not included in the above. This was a 
6 X 19 Lang lay, all wires being 0 094 in diam, with total area of 0.7912 sq in. Tensile strength of 
wires, 274 000 lb per sq m, reduction of initial strength after 6 months was 35%. Initial safety 
factor, 7.08. At end of 357 days the work done was 1 669 935 634 ft-tons, distance traveled, 57 488 
miles; cost per ft-ton, 0.000073 jf. Lowest cost per ft-ton is apparently obtained from a high-class 
heavy rope, carrying a heavy load and working steadily (25). 

Hoisting rope practice and care. Much information regarding care and use of ropes is 
given by Kudlich, Hood, and others (17, 19, 25). Avoid kinking or nicking the wiies dur- 
ing installation and use. Frequent inspection is essential. Where men are hoisted, a brief 
inspection should be made daily, and a thorough inspection weekly. If the rope socket or 
capping 18 attached directly to cage, and landing chairs are used, the rope close to the socket 
will often first show wear or broken wires, because slack rope may cause sharp Ixjnds at that 
point. When this occurs, a few feet of rope should lie cut off at regular periods, and a new 
socket joint made. If there is enough headroom, a few feet of chain between rope socket 
and cage draw-bar is advantageous, and in some cases required by law. Changing the rope 
end for end, at the expiration of half its useful life, is also recommended, so that if wear 
occurs at any particular point, it will be distributed over a greater length of rope. 

Lubrication must be efficient, to prevent wear and corrosion of wires and to minimize 
surface abrasion. In severe service proper lubrication will lengthen a rope life’s 75 to 
100% (26, 27, 28, 29). The core should never be allowed to become dry enough to absorb 
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moisture. A good lubricant should be chemically neutral, and of such character and 
consistency that it will penetrate the strands to the core; it should not run nor drip off, 
nor be so thick and sticky as to form lumps on the rope or in sheave grooves. Some lubri- 
cants, apparently good at first, soon harden and flake off, especially in cold climates. Raw 
linseed oil is good, but runs off easily. More body is given by adding lampblack or fine 
flake graphite. Mixtures of pine tar and tallow, or coal tar with slaked lime to neutralize 
acid, are sometimes used. But all tar mixtures are objectionable, because in cold climates 
they do not penetrate the rope for lubricating interior wires, and tend to form a hard, 
gummy coating, likely to strip off. Petroleum jelly or vaseline mixed with fine flake 
graphite and applied hot is good. Rope makers have rope dressings for different condi- 
tions. Lubricant should be applied at intervals of say 1 to 3 weeks, depending on con- 
ditions; the rope being first cleaned of dirt and gummed lubricant, by passing it through a 
bath of hot kerosene and scrubbing with stiff-wire brushes (Fig 35a). 




Automatic oiler for hoisting rope Oiler for endless rope haulage 

Armour No. 2 Mine, Crosby, Minn Transvaal, So Africa 

Fig 35a. Lubricating Devices for Wire Rope (37) 

Splices are not permitted in hoisting ropes used for raising or lowering men; but for 
haulage, aerial tramway, and power transmission rope, splices may be made practically 
as strong as the rest of the rope (Fig 36). 

For running rope, the splice should be at least 20 ft long for O.S-in rope, increasing to 30 or 40 ft 
for 1 25 and l.r>-in rope. Tools required arc: hammer and sharp cold-chisel, pair of strong nippers, 
steel marlin spike, 2 rope clamps (or small hemp rope slings with sticks. Fig 36, e), a knife and a pair of 
2-lb copper or lead mallets. A bench vise is convenient. To splice (Fig 36): 1. Overlap the rope 
20 ft or more, and mark center of lap on each end with string or chalk (a). 2. Unlay each end to 

center mark, and cut off hemp core (5). 3. Interlock the 6 unlaid strands of each end alternately, 

and draw together until center marl« meet (c). 4. Unlay a strand A from one end, and follow it 

closely with opposite strand 1 of other end, laying it into the groove left open by A, and proceeding 
thus until all but 12 in of strand 1 are laid in (c) ; then cut off A an equal length and tie the strands 
temporarily in place. 6. Treat similarly strands 4 and D, and so on for each pair of opposite strands, 
stopping each pair about 1/5 of the length of splice short of the preceding pair (d). 6. Bend the rope 

back and forth until all strands are set in place and have equal tension. 7. Wrap ends of strands 
with friction tape, or strips of sheet lead, and straighten them. 8. With the vise and clamps, un- 
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twist and open the rope at one strand of the end pair; cut the hemp core at the center, draw 
it out slowly and follow it up with the strand until the latter occupies the center (/), Cut off core 
at end of this strand. Tuck in the other strand of the pair, being careful that their ends do not 



Fig 36. Splicing Wire Rope 


cross each other. 9. Twist the clamps back to close up the rope, and hammer the strands with 
the mallet to fix them firmly in place. 10. Shift the clamps and repeat operation at the other 5 
pairs of ends, and the splice is complete. 

Rope fastenings to cage or skip should develop as nearly as possible the rope’s full 
strength. The attachment is by means of a coned socket (Fig 38, 39), or the rope may 

be bent back on itself to form an eye containing a 
thimble, the loose end being fastened by clips or 
clamps (Fig 37) . The coned socket, when properly 
made, develops full strength of rope, but has 4 
disadvantages: considerable skill is required, poor 
Oactplnglropo workmanship is concealed, condition of wires in 

socket can not be inspected, and bending due to 
slack rope is concentrated just above the socket. 


Fig 37. Correct Method of Capping Wire Fig 38. Closed Fig 39. 

Ropes {Trans A I M E; Coned Socket Open Coned Socket 





Fastening by clips can always be inspected and requires little skill in making, but gives at most 
only 85% of strength of rope, and often damages rope at points where clips are applied. Rope makers 
recommend socket fastening, if properly made it never fails. Special forged or cast-steel thimbles 
or eyes, instead of usual pressed steel, should always be used for clip attachment of hoisting ropes. 

Coned socket is of 2 types, closed (Fig 38) and open (Fig 39). They should be of best W-1 or 
steel forgings, without welds, and accurately bored. 

Details of attaching ropes. Bureau of Mines recommends following methods (23). Coned 
socket: The rope is securely seized at end with soft iron wire, before end of rope is cut square; with 
another seizing a distance back equal to length of socket from the end. After rope is trimmed off, 
the end seizing is removed, the rope opened down to second seizing, hemp center cut out and wires 

broomed out; that is, they should be untwisted but 
not straightened. Then the wires are thoroughly 
cleaned in benzene or gasolene, as far as they are to be 
inserted in socket, and dipped in commercial H 2 S 04 for 
30-60 sec, to clean the wires. Next, the rope end 
IS dipped in boiling water, containing a little soda to 
neutralize the acid. Rope end is then inserted in socket 
and warmed, if temp is below 65° F, to prevent cooling 
the zinc-filling too rapidly. Finally, the socket is placed 
with Its axis vert and coinciding with axis of rope, the 
bottom is sealed with clay or putty, and molten zinc or 
spelter, heated to a temp that will just char wood, is 


Diam 

of 

rope, 

in 

No of 
clips 

Length 

of 

wrench, 

in 

Effic, 

% 

3/4 

5 1 

18 

77 39 

7/8 

5 

18 

79 13 

1 

5 

24 

77.89 

11/8 

5 ' 

24 

80.00 

11/4 

6 

24 

82.15 
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poured into the socket until full. Clamp attachment: The rope is bent back over the thimble, 
and loose end clamped with proper number of clips. Crosby type of U-bolt-and-drop-forging 
clip IS most satisfactory. Clips are spaced a distance equal to 6 times the rope diam, the forging 
being against long end and the U-bolt against loose end of rope. Num- 
ber of clips to develop approx 80% effic of the rope, and proper length 
of wrench to tighten bolts, are given in above table. Chps must be 
carefully inspected each day, land tightened if they show signs of loosen- 
ing by stretching of the rope. 

Wire rope clamps, for attaching bridle or safety chains to rope, above 
socket, are more commonly used at coal than at metal mines; laws of 
most coal districts require them. Vulcan Iron Works makes the clamps / 
shown in Fig 40. They are usually of cast steel, but forgings are better. (O 
They arc grooved to fit the rope closely, and the bolts should be finally 
tightened after the rope is under tension. Tests on such clamps show 
the ultimate strength against slipping to be about 10 000 lb per sq in 
of area of the bolts. 

8. data for calculating hoisting-duty 

CYCLE (3, 33, 35) 

(1) Weight and kind of material per trip. Fig40 Rope Clamps for 

(2) Wt of cage or skip (plus man-cage if used), cars hoisted Bridle Chains 

per trip and weight of car. 

(3) Diam and wt of rope (Art 7). 

(4) Max tonnage per hr and per shift; number of hr per hoisting shift and number of 
shifts per day. Approx distribution of tonnage between levels. 

(5) To select rope speed, determine the max number of trips per hr required from stated 
level, also time for loading and dumping. If a cage hoist, state whether the cage is landed 
at collar and car run off, or car is dumped by a self-dumping platform cage. 

(6) Is the “slack-rope system” of hoisting used (Art 1)? If so, give length of slack and 
working details. 

(7) Present and ultimate length of travel from loading levels to the dump or to uncaging 
position. Estimated time before shaft will be sunk deeper. 

(8) Shallowest and deepest levels, that is, length of travel as in (7), from which hoist 
may be required to operate at full load for an hour or more consecutively. 

(9) If shaft is inclined, give angle of inclination with horiz, or per cent grade. If it 
varies, give inclination and length of each stretch. Per cent grade is generally taken as: 
vert rise -h length along incline. 

(10) Is hoist balanced or unbalanced? If normally balanced, when will operation be 
necessary with cages out of balance? Can rope speed or load, or both, be reduced for 
unbalanced operation if desirable^ Number of unbalanced trips required m succession? 

(11) To what extent and for what reasons will partial speed operation be necessary? 
At what loads and speeds? Duration and frequency of such operation. 

(12) Will men be handled? If so, at what speed? Always in balance or sometimes out 
of balance? 

(13) Double or single drum, fixed or clutched? 

(14) Diam of drums. Width of face or number of layers of rope? If not cylindrical, 
furnish sketch of drums, with w'orking diameters and number of active rope turns on each 
part of drum. If reel, give minimum w’orking diam and thickness of rope. 

(15) If an existing hoist, give (Fig IG) of drums, or equivalent wt at a stated 

radius. If a now hoist, state makers’ name, or give 

(16) Is motor or engine geared or direct connected to drum? If geared, how many 
reductions? 

(17) For elec drive, state voltage, frequency and number of phases of supply. 

(18) Capacity and character of generating station or system. 

(19) Is flywheel equalization lequired, and for what reason? If power is purchased, 
obtain a copy of all clauses of proposed contract covering reservation and kw-hr 
charges. 

(20) If hoist is to be installed underground, give dimensions and wt of largest piece 
that can be lowered in mine shaft and drifts. 

(21) Is location dry, damp, or wet^ 

(22) If above 3 000 ft elev, give altitude of hoist house above sea level. 

(23) If an old hoist is to be electrified, give full details; also drawings or sketches of 
hoist, and photographs if possible. 

(24) If overwind protection is contemplated, state max rope travel above top landing 
or dump before damage can occur. 
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(26) Give full information as to local conditions, and unusual requirements or details 
not covered by the foregoing. 


9. CYLINDRICAL DRUM HOIST 


A typical load diagram for hoisting in balance with cylindrical drums is shown in 
Fig 40a. For the power components, see Table 8, the symbols corresponding with those 



Fig 40a Load Diagram for Cylindrical Drums and Balanced Hoisting Horia broken line at A 
shows aver motor torque reqmred during acceleration and retardation (Gen Elec Co) 


in Fig 40a, The resultant power values for each point of the diagram are obtained by 
combining the components listed in Table 8 as follows: 

(4) _i_ 9 y (q) 

Hp at A « (1) + (7) H ^ ; Hp at B = (4) + (7) ; Hp at C = (5) (7) ; 

(5) 2 X (0) 

Hp at D « (2) + (7) H ; (2) is always negative, and (7) always positive. 


If D is negative, motor or brakes must absorb power during retardation. If D is posi- 
tive, motor must deliver power during retaidation. Power requirements during retarda- 
tion may be ijositive, negative, or zero, depending on relative values of dead load, inertia 
of moving parts, and time assigned for retardation. 

The above calculations may be checked as follows: 

a. Ratio of net work done during the lift (in hp seconds) to net work represented by the 

output duty cycle (in hp seconds) should eijiial the mechanical efficiency. 

b. The hp seconds for acceleration and retardation should be equal. 


List of Symbols in Table 8: 


u’ « wt of material handled, lb 

== wt of one skip (or cage and car), lb 
vv = wt of rope per side, lb 
w’a wt of rope per side wound on during 
accel =*06— (vta X wt per ft) 
icft »= wt of rope per side wound on during 
retard * 0.6 {vth X wt per ft) 
tcro “ ay + wt dead rope turns -f- wt rope 
between drum and skip 
Wo “ equiv wt of revolving parts (for balanced 
or unbalanced operation, as case may 
be), reduced to drum radius, including 
gears, drums with clutches, head- 
sheaves, but not including motor arma- 
ture (Fig 40a) 

W - tc 4- 2wy -f 2uvo -i- Wo (balanced hoist- 
ing) 

W* -* tc 4* tc* 4- Wro *f TFo (unbalanced hoist- 
ing) 


V - max rope speed, ft per sec 
” t - 0 6(ta 4- tb) 

t = time, of one-way trip, excluding stops 

(found from hourly tonnage) = — -f- 0 6 
ita + tb) » 

#a = accelerating time, seconds 

ts “ full speed time, seconds 

tb ^ time of retardation, seconds 

to “* time at rest 

L = total travel of cage or skip, ft 
tf> = angle of slope with honz 
E = mechanism effic, expressed as a decimal, 
includes drums, gears, sheaves and 
guides for vert shaft, but not including 
rolling or rope friction on slope or 
inclined shaft 
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Effic of hoisting mechanism, in per cent, is as follows: 

First motion Second motion Third motion 
w 0.95 w 0.90 w 

^ ” w+kW" “ w+kW" ” w+kW" 
where W" * (id -f- 2wg -f Wr) sin 4> (for balanced vert and inclined shaft hoists) 

«= (tD 4* "1“ 0.5 Wy) sin <t) (for unbalanced vertical and inclined shaft hoists) 

= (id 4- 2wa + Wr) sin 0 -f (id + 2tu,) 0.02 cos 0 + 0.10 Wy cos <t> (for balanced 
slope hoist) 

~ {w Ws 0.5 Wy) sin <f> (w Wg) 0.02 cos </> -j* 0.05 Wy cos 4> (for un- 
balanced hoist). See notes under Table 8 
k ~ 0.05 for vert and inclined shaft hoists 
k — 0,04 for slope hoists 

Car or rolling friction. Recommended conservative figure for aver conditions is 2% 
or 40 lb per ton pressure normal to the track = actual wt X 0.02 cos 4>. 

Rope friction is taken as 200 lb (10%) per ton of normal pressure. 


10. MOTOR CAPACITY 


Rating of the motor, usually determined by the “root mean square’' (RMS) of the duty 
cycle, which represents the max continuous load requirements, is as follows, the letters^ 
corresponding to those in Fig 40a, except that A and D include the hp required to accel- 
erate and retard the motor rotor. 


X ta - 


R* + + BC 


X X tb 


For induction motor: RMS hp = 


2 + + 2 + 4 


For direct-current motor: RMShp 


jA^ X fa + ■ y - ^ X ts-i-I>^X tb 

I . I 3^6 fo 

"“Z T *1 Z T *7: 

4 4 2 


Since the RMS of the duty cycle, which together with the overload requirementi 
establishes the rating of the motor, can not be accurately worked out until the inertia of th< 
armature (rotor) is known, it is customary to estimate this after a preliminary determina 
tion of the motor rating, either by inspection of the cycle or from the RMS calculatec 
with the armature effect omitted. It is impossible to devise any general rule by whicl 
the motor-rotor inertia can bo accurately predetermined for every case, but in absence o 
actual values, the following is offered for estimating. 

Max hp required to accelerate motor rotor in 1 second’ For induction motors and 
geared d-c motors, hp = 150% to 180% of normal rating. For direct coupled d-c motors 
hp =« 80% to 125% of normal rating. In general, the lower values apply to lower spee( 
motors and vice versa, but in individual cases these values may vary considerably from th 
actual. When the WR^ of the armature is known the max hp to accelerate is: 


hp 


WR^ X rprn^ X 0.62 
1 000 000 X t 


(26 


t being time of acceleration in seconds. 


11. CONICAL DRUMS AND REELS 

Factors for computations : 

w — wt of mateiial hoisted, lb 
Wg « wt of one skip (or cage and car) , lb 
Wy = wt of rope per side, lb (Art 9) 

Wh =* wt of one head-sheave, lb (effective) 
n smallest working radius of drum, ft 
rj = largest working radius of drum, ft 
Tua ~ radius of up side at end of accel « ri -{• pTa 
rda ~ radius of down side at end of accel =« r2 — pTa 
rub =* radius of up side at beginning of retard *= rj — pTb 
Tdb = radius of down side at beginning of retard = ri -|- 
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p « radial pitch per rev, ft (for reels = thickness of flat rope) 

T =*» total active turns on drum (one side) 

Ta — revolutions during accel = 0.5^a X rps 

Tb ~ revolutions during retard = 0.5/6 X rps 

Tg == revolutions during full speed run = T — (To + Tb) 

'f^ua — wt of rope wound on during accel = tt Ta (ri + rua) X lb per ft 

'^da — wt of rope wound off during accel — ir Ta (r^ rda) X lb per ft 

Wuh = wt of rope wound on during retard == ir Tb (r 2 + r^b) X lb per ft 

Wdb = wt of rope wound off during retard = ir Tb (ri X lb per ft 

L = total travel of cage and skip, ft 
rps — max drum speed in rev per sec = T (JL — 0.5 (/o 4 * <&) 

WR 2 of drums include gears (if any), but not motor armature 
Other symbols have same signihcance as for cylindrical drums 



Fig 41 


Component Moments, Load Diagram for Conical Drums and Reels, plotted to Revolutions 


Load diagrams for conical drums and reels are readily calculated by the moment 
method. Formulas for component and resultant moments at different points in the 
cycle are given in Table 9, and moments are shown graphically in Fig 41, 42, 43 (Gen Elec 
Co). The hp required at motor coupling is deiived as follows from Fig 43, the numbers in 
small parentheses referring to Table 9, column 4: 


Hp at A 
Hp at B 
Hp at C 
Hp at D 


(d) + (7) + 
((4) + (7)) X 
((5) + (7)) X 
((2) + (7) + 


(4) + 2 X (S) 




2x X rpa 
550 

2x X rps 
550 

(5) + 2 X (6) > 
3 > 


v 2w X rpa 
550 


X 


2ir X rps 


560 
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Conical-drum hoists are rarely required to operate unbalanced, but from the formulas giver 
unbalanced diagrams may readily be calculated. The large and small working diameters of conioa 
drums are usually known (Art 2), and the number of rope turns is directly obtained from the avei 



Fig 42 Resultant Moments, Load Diagiam for Conical Drums and Reels, Balanced Operatioi 

plotted to Revolutions 

diam. For reels the minimum diam only is usually given The max diam and number of rope turn 
is obtained from the ecjuation L = 2 v r\T -k the letters L, ri and p having the significanci 
previously indicated. 



Fig 43, Power Diagram for Conical Drums and Reels; Balanced Operation plotted to Tim 

General equation for the rope moment at any revolution ^ of conical drums and reel 
is: 

Moment = (uv — 27r ri^ X wt per ft — irp X wt per ft) X (ci -f- 

Strict accuracy requires a correction in the results from the formulas in Table 9, to tak 
care of acceleration and retardation due to changing drum radius after the dnim itsel 
reaches constant speed. For conical drums this effect is seldom important, becans 
acceleration and retardation effects occur simultaneously and their resultant is of sma, 
value. The correction would consist of a slight increase in value of the powei icfiuirei 


at A and B (Fig 43) . 

Example of load-cycle calculation for conical-drum hoist (3). Conditions assuinof] 
Coal-mine hoist, vert shaft; output, 2 500 short ton per 8-hr day; 

Total lift 410 ft 

Wt of self-dumping cage 11 000 lb 

Wt of car (one car per cage) 3 000 lb 

WT of coal per car 6 000 lb (3 short ton 

Size of rope 1.5 in diam 

Wt of rope per side « (3.55 X 410) 1 420 lb 

Working radii of drums, ri ** 4 ft; r* ** 5 ft 

of drums 700 000 (ft-lb units) 

Wtof each head-sheave 3 300 lb 

Number active turns of rope =* 410 *7- Ott 14.5 

Accelerating time chosen 6 sec 

Retarding time chosen 5 sec 

Assumed not operating time per shift 7 hr 

Dumping and loading time per trip (rest period) 6 sec 



Table 9. Formulas for Calculating Load Diagrams, Conical Drums and Reels, 
Balanced Vert Lifts (Gen Elec Coj 
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The procedure is as follows (refer to Tables 8 and 9) : 
^ . . 2 500 

Tr.pspermm = 7 X 3 X 60 ” 

Time per trip = 6O/2 = 


Equivalent full-speed hoisting time *= { 30 — * 6 — 


Max drum speed — 14.5 -i- 18.5 = 0.784 rps == 

,0- 6 + 5 ^ 6X0.784 

U ** 18.0 ^ — = 13 sec Ta — ^ 

p radial pitch ■** =* 0.069 ft. Tb = ^ ^ 

14.0 2 


5 — 4 

p radial pitch ■** — — 0.069 ft. 
14.0 


. 2 

30.0 sec 
18.5 sec 

47.0 rpm 

~ 2.35 rope turns 

= 1.96 rope turns 


= 14.5 - (2.35 + 1.96) = 10.19 rope turns 
rwa * 4 + 2.35 X 0.069 = 4.162 ft 

rrfa =* 5 - 2.35 X 0 069 = 4.838 ft 

= 5 — 1.96 X 0.069 = 4.865 ft 

= 4 + 1 96 X 0.069 = 4.135 ft 

wua^ TT X 2.35 (4 + 4.162) X 3.55 = 214 lb 

X 2.35 (5 + 4.838) X 3.55 = 258 lb 

ivuh = TT X 1.96 (5 + 4 865) X 3 55 = 216 lb 

wdb == TT X 1.96 (4 + 4.135) X 3.55 = 178 lb 

^ 0.95 X 6 000 

" 6 000 + 0.04 ('6 000 + 6 000 + 22 000 + 1 420) 


- 76.0% 

(2nd motion) 


Calculation of moments : 


u = 

(6 000 + 3 000 + 11 000) X 4 


80 000 ft-lb 

J?til = 

1420 X 4 

= 

5 680 

(i 

D - 

(3 000 + 11 000) X 5 

= 

70 000 

i i 

Ua = 

(6 000 + 3 000 + 11 000) X 4.162 


83 240 


Rua ~ 

(1420 - 214) X 4.162 


5 019 

» ( 

Da = 

(3 000 + 11 000) X 4.838 


67 732 

4i 

Rda = 

258 X 4,838 


1 248 

ii 

Ub = 

(6 000 + 3 000 + 11 000) X 4 865 

- 

97 300 

<( 

Tub =® 

216 X 4.865 

= 

1 051 

ii 

db = 

(3 000 + 11 000) X 4.135 

= 

57 890 

ii 

Tdb =* 

(1 420 - 178) X 4.135 

= 

5 136 

ii 

W2 = 

(6 000 + 3 000 + 11 000) X 5 

= 

100 000 

ii 

d2 = 

(3 000 + 11 000) X 4 

=: 

56 000 

ii 

Tdi = 

1 420 X 4 

= 

5 680 

ii 


+ 5) (1 “ 0.76) 




F « 

6000 X 'X 

sat 

8 500 



Acceleration moment **Ay[^*: 

Up load, up rope, and head sheave = 

(6 000 + 3 000 + 11 000 + 1 420 + 3 30Q)27r X +162 X 0.784 
32.2 X 6 

^ 1 420 X 7r(42 + 52) X 0,784 

Down rope 32.2X 6 

Down load and head sheave — 

(11 000 + 3 000 + 3 3QO)27r X 5^ X 0.784 
32.2 X 6 

^ , 700 000 X 27r X 0.784 

Drums and gears « "" 32 2 X 6 


Drums and gears < 


* 11 050 


Total “Am” = 40 643 ft-lb 
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Retwdatioii moment “Bn”: 


Up load and head sheave = 

(6 000 + 3 000 + 11 000 + 3 300)2ir5^ X 0-784 
32.2 X 5 

1 420 X + 5>) X 0.784 

SSIFITH 

Down load, rope and head sheave *= 


(11 000 + 3 000 -f 1 420 + 3 300)2ir X 4.135 X 0.784 
32.2 X 5 


17 860 
892 

9 800 


Drums and gears 


700 000 X 27r X 0.784 
32.2 X 5 


Resultant moments (see Table 9) : 


Total "'Rm" 


21 500 
50 042 ft-lb 


( 1 ) * 

(2) * 

(3) »= 80 000 + 5 680 - 

(4) = 83 240 -f- 5 019 - 

(5) = 97 300 -f 1 051 - 

(6) = 100 000 - 56 000 - 

(7) = 






40 

643 

ft-lb 





50 

042 

44 

70 

000 



15 

680 

44 

67 

732 - 

1 248 

am 

19 

279 

<4 

57 

890 - 

- 6 136 

= 

35 

325 

44 

5 680 


ms 

38 

320 






8 

500 



72G Up 



Power diagram (Fig 44) : 


Hp at “vT 


1^40 64 ^ 


643 4- 8 500 + 


19 279 + (2 X 15 680) ‘ 




Hp at “B” = [19 279 + 8 600] X — = 249 hp 

6oU 

Hp at “C” - [35 325 + 8 500] X — = 393 hp 


Hp at 




60 042 + 8 500 + 


550 

35 325 + (2 X 38 320) ~| ^ 2Tr X 0.784 


■J 


550 


-38hp 
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Estimating the rma of this cycle by inspection to be 500 hp for induction-motor drive, 
and assuming the max power to accelerate the armature in one sec to be 1.6 times the 
assumed rating, the acceleration peak « 592 134 726 hp, and retardation peak «* 

-38 - 160 « -198 hp. 


/tM X 6 + (249 + 393 ' + 249 X 393) 


X 13 -f 198 X 5 


The rms 


®/2 + 13 + &/2 + ®/4 


= 486 hp 


Selecting a standard 500-hp, 450-rpm motor and checking back, using the actual WR'^ 
of its rotor, to accelerate requires 127 hp, to retard 152 hp, and the rms is 482 hp. The 
motor selected should be capable of operating continuously at the rms output, with a temp 
rise not exceeding 40® C. As full speed of drum is 47 rpm, single-reduction gearing will 
be suitable, for the motor speed selected. 

Applying the checks mentioned : 

Net work done in shaft = ** 4 473 hp-seo (o) 


Area under load diagram is computed as follows: 


Ratio (a) to (6) 
calculations. 


4 473 

5 584 


592 ^ 

-j-xe. 


-38 


X 5 


1 776 

4 173 

5 949 (positive) 

— 95 (negative) 

5 854 hp-sec (net) 


( 6 ) 


— 0.76, which checks with the per cent mech effic E, used in the 


12. CYLINDRO^CONICAL DRUMS 

The general formulas for conical dnims and reels apply here, account being taken of 
the changing drum radii at different rope turns. The most effective mode of arranging the 
rope turns is to complete the drum acceleration while the rope is winding on the small- 
radius cylindrical portion; then climbing the cone in the fewest number of turns (minimum 
being one turn per ft difference between large and small radii), and winding remainder of 
rope on the large cylinder (see Fig 8). Both ropes may start on the small cylindrical 
portion, with only 1 or 2 turns between, and wind over the entire surface, finishing with 
both ropes on small cylinder at opposite end of drum. This requires a large motor, 
results in lower hoisting effic and its advantages are questionable. 

The force moments are as follows: 

Accelerating moments: bottom of cone — F X ri; top of cone =* F X r 2 . 

Retardation moments: top of cone « F' X r 2 ; bottom of cone * F^ X ri 
where F =* (ir -f- -f- Wh) X 27r r^ (r 2 — ri) -J- 32.2< 

and F^ * (tc« + tcy -}- wh) X (27r rps) X (r 2 — n) -5- 32.2f, 
where ri » radius small cylinder (ft) r 2 »= radius large cylinder; 
t = time during winding (or unwinding) on cone, sec ; 

uv * wt of rope hanging at bottom of cone -f V 2 wt of rope wound on cone. Other 
symbols have meanings given at beginning of Art 11. 

Example of load-cycle calculations for cylindro-conical drum (3). Following are calcvilations 
for a hoist where conditions are the same as for the preceding conical-drum problem: 

Small diam 8 ft Time for acceleration 6 sec. 

Large diam 10 ft Time for retardation 6 sec. 

Active turns on conical portion . 4 Time at full speed 13 sec. 

WR^ of drum 800 000 ft-lb* 
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First determine distribution of rope turns on drum: 

Let Z rps of drum at full speed. 

8ir X — = rope wound on during acceleration 

hTj 

IOtt X “ rope wound on during retardation 

— - — X X X 4 “ rope wound on cone 

10ir(13Z — 4) » rope wound on large cylinder during full speed 

The sum of (1), (2), (3), and (4) is 410 ft of rope, which gives Z =■ 0.75 rps *■ 45 rpm 
Turns on small cylinder •• Ta 2 turns 

5 X 0.75 

Turns during retardation T5 « ^ — =* 1.88 turns 

Turns on large cylinder *= Tft + 13Z — 4 — 7.63 turns 

Total turns on drum “ 13.88 

(Also note 13.88 -r- 18.5 sec =■ 0.75 rps) 

x’ 1 . • r • * 4 475 X 1 - 076 . 

Energy lost in friction = 1 415 hpnaeo 

0.76 

1 415 

Aver hp friction =• ■» 76.5 hp 

18.5 

Aver hp friction torque * » g 900 ft-lb 

^ 2x X 0.750 -4- 550 

Hp load « moment X « 0.00856 X M 

550 


( 1 ) 

( 2 ) 

(3) 

(4) 


Summation of moments’ 


Time-sec ... 

0 

6 

6 

11 34 

11 34 

13.19 

No turns 

0 

2 25 

2 25 

6 25 

6 25 

7 63 

Up load 

80 000 

80 000 

80 000 

100 000 

100 000 

100 000 

Up rope 

5 680 

4 880 

4 880 

4 150 

4 150 

3 400 

Friction 

8 900 

8 900 

8 900 

8 900 

8 900 

8 900 

Acceleration ... 

39 950 

39 950 

2 670 

3 180 



Total (+) M 

134 530 

133 730 

96 350 

116 230 

113 050 

112 300 

Down load 

70 000 

70 000 

70 000 

70 000 

70 000 

70 000 

Down rope 

0 

1 225 

1 225 

3 400 

3 400 

4 150 

Retardation .... 







Total (~) M 

70 000 

71 225 

71 225 

73 400 

73 400 

74 150 

Net A/ 

64 530 

62 505 

25 125 

42 830 

39 650 

38 150 

Horsepower 

553 

535 

215 

366 

340 

327 

Time-sec 

13 19 

18 53 

18 53 

19 

19 

24 

No turns 

7 63 

11 63 

11 63 

1201 

1201 

13 88 

Up load 

100 000 

100 000 

100 000 

100 000 

100 000 

100 000 

Up rope 

3 400 

1 225 

1 225 

1 000 

1 000 

0 

Friction 

8 900 

8 900 

8 900 

8 900 

8 900 

8 900 

Acceleration 







Total (-H) A/ 

112 300 

110 125 

no 125 

109 900 

109 900 

108 900 

Down load 

70 000 

56 000 

56 000 

56 000 

56 000 

56 000 

Down rope 

4 150 

4 880 

4 880 

5 040 

5 040 

5 680 

Retardation 

2 450 

2 000 



49 730 

49 730 

Total (-) Af 

76 600 

62 880 

60 880 

61 040 

110 770 

111 410 

Net M 

35 700 

47 245 

49 245 

48 860 

-870 

-2510 

Horsepower 

306 

405 

422 

418 

-75 

-21.5 


Fig 45 shows component and resultant moments, plotted against rev of drum, and Fig 46 is the 
power diagram, plotted from the values of hp and time calculated above. The rms value of this 
cycle IS somewhat less than that for the simple conical drum (Fig 44), and the overall effic of hoisting^ 
is greater, due to lower values of power required during acceleration and retardation. 
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Fig 45. Component and Resultant Moments* Cylindro-conical Drum, Plotted to Revolutions 

(Gen Elec Co) 



Fig 46, Power Diagram, Cylindro-conical Drum, Plotted to Time 
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13. ELECTRIC HOISTS 

Electric drives (3) now in use are: 

(1) Induction motor with: (a) master controller, contactors, and grid secondary 
resistance; (6) primary contactors and liquid secondary resistance; (c) drum controllers 
and grid secondary resistance. 

(2) Ilgner-Ward Leonard system: Direct-current, separately excited motor operated 
from motor-generator set with flywheel by Ward I^eonard control. 

(3) Ward Leonard system. Direct-current, separately excited motor operated from 
motor-generator set without flywheel by Ward Leonard control. 

(4) Direct-current motors with rheostatic control, using either drum controllers or 
magnetic control. 

Induction motors (3, 33) up to 1 800 hp capacity are widely used and comprise 80% 
or more of motors in use. Advantages: low first cost, simplicity of installation and 
operation, availability of a-c power at low rates, ruggedness and reliability. Disadvan- 
tages: difficulty of accurate control, high gear ratios because of high motor speeds, high 
inertia effects, excessive peak loads, and uncertain dynamic braking. Bright (8) claims 
that when rope speeds exceed 1 800 ft per min and the cycle approaches 3 min duration, 
the desirability of a-c motors becomes doubtful. 

Lowering unbalanced loads (3) may be obtained by: (a) mechanical brakes; (6) induc- 
tion motor running as a generator at a speed slightly above synchronism; (c) counter- 
torque from the motor. Lowering by mechanical brakes is objectionable because of the 
wear on brake shoes, necessity of providing brakes with sufficient area to prevent over- 
heating, and danger of failure in operation. In lowering by the second method, the motor 
is connected to the power supply in the direction tending to diive the hoist down, or the 
hoist is allowed to accelerate to speed by gravity only, before connecting the motor to the 
line, the mechanical brakes being used to prevent speeding beyond control until the 
motor connection is made. The hoist will then run at a speed such that the motor is 
driven slightly above synchronism, the energy received at the motor coupling being 
returned to the power system. To stop the hoist the mechanical brakes must be used, 
or the motor thrown into first or second point of reverse. It is always desirable partially 
to apply the mechanical brakes, for, while bringing the controller from its running position 
to the “off” position, the electrical braking effort is being giadually reduced to zero and 
the hoist will speed up unless checked. This method of braking is economical, but is 
practicable only for fairly long cycles, in which enough time is allowed for manipulating 
the control. It is practiced with the greatest safety in case of long slope hoists, d'he 
third method involves reversing the motor so that it exerts a torque in opposition to that 
of the hoist, that is, the motor tends to lift the load. This method is wasteful of energy 
and a heavy-duty rheostat is necessary. 

Dynamic braking (3) with the induction motor, by supplying constant value d-o excitation 
to the stator windings and obtaining speed control by a secondary iheostat, is sometimes used 
where heavy unbalanced loads are often loweied, the hoist being operated normally in the usual 
manner from a sepaiate controller. It is justified under these conditions, where the usual braking 
methods are unsatisfactory, for instance, due to limited power supply, both the regeneiative and 
counter-torque methods may not be feasible, and entire dependence upon mechanical brakes is 
objectionable. The system is fairly safe, saves wear on brakes, and is economical in power con- 
sumption, the only power necessary being that required for stator excitation and for control. 

Ward Leonard system. The voltage applied to the motor, and therefore its speed, is 
varied by varying the field strength of a generator used exclusively to supply power to 
the hoist, and which is usually driven by an a-c motor. By reversing the field connec- 
tions, the polarity of the generator voltage is reversed and consequently the rotation of 
the hoist motor, which operates always at constant main-field strength. Excitation for 
motor and generator fields is supplied by an exciter, usually direct-connected to the 
motor-generator set. Since only the generator field circuit is manipulated in controlling 
the speed, the currents involved are relatively small, with no difficulty in providing a large 
number of steps. 

Principal factors justifying Ward Leonard control are: (a) accuracy of contiol 
(desirable for high-speed hoists, rapid rate of hoisting or frequent shifting) ; (6) increased 
safety in operation; (c) higher effic on certain duty cycles; {d) equalization of power 
demands; (e) possibility of elimination of gearing. 

Ilgner-Ward Leonard system. A flywheel, mounted on the motor-generator shaft, 
acts as an equalizer, cutting down the peak power demand. It is desirable where high 
peaks are liable to disturb an electrical system, or a heavy charge is made for peak demands. 
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Comparison of results of different electric drives. See (3) and Tables 10, 10a. 
The data for the coal hoist are as given in Art 11; Data for metal-mine hoist (Table 10a) are: 


Lift, max 2 000 ft 

Skip 6 0001b 

Ore per trip 8 000 lb 

Rope speed 1 765 ft per min 

Time for acceleration 15 sec 

Time for retardation 8 sec 

Time at full speed (2 000-ft lift) 56.5 sec 

Rest period 15 sec 

Roi>e, round for cylindrical drums 1 S/g in 

Rope, flat for reels, 4 to 11 ft diam 1/2 by 6 in 

Cylindrical drums .... 9 ft diam 

Mechanical eflic, 2nd motion a-c motor 80% 

Mechamcal eflfic, 1st motion d-c motor 85% 


For the coal hoist, the conical drum shows some advantage over the cylindrical in 
effic, peak-power demand, and size of motor. For the ore hoist, reels would show a decided 
advantage over cylindrical drums if it were unnecessary to hoist from shallower levels. 
When so operating, reels are disadvantageous both as to effic and peak load, and the 
driving motor required is therefore as large as for cylindrical drums. The effic for the 
aver lift is about the same as for cylindrical drums. For the coal hoist, the d-c equip- 
ments show higher effic than the induction. In a measure this is also true of the ore hoist 
without flywheel, there being some advantage in effic of the induction motor over the 
llgner equipment, although the latter very greatly reduces the peak load. The adoption 
of these d-c systems is most often justified by considering the advantages of control and 
reduced power demand, rather than the question of increased effic. 


Table 10. Coal-mine Hoist (Gen Elec Co) 



Cylindrical drums, 540 ft lift 

Conical drums, 540 ft lift 


Induction 

motor 

Ward Leonard 
(no flywheel) 

Ilgner- 

Ward I.^nard 
(with flywheel) 

Induction 

motor 

Ward Leonard 
(no flywheel) 

Ilgner- 

Ward Leonard 
(with flywheel) 

Net work 

Hoist friction 

lx)S3 in driving apparatus* 

Rheostatic loss 

6 880 hp-sec 

1 720 hp-sec 

1 576 hp-sec 

10 404 hp-sec 

6 880 hp-sec 

1 210 hp-seo 

5 910 hp-sec 

6 880 hp-sec 

1 210 hp-sec 

7 910 hp-sec 

6 880 hp-sec 

1 720 hp-sec 

1 2% hp-sec 

6 249 hp-sec 

6 880 hp-sec 

1 210 hp-sec 

4 910 hp-sec 

6 880 hp-sec 

1 210 hp-sec 

6 910 hp-sec 

Total energy consumed 
Over-all effic 

Peak-power demand . 
Motor rating 

20 580 hp-sec 
33 5 per cent 
2 200hp 

1 100 hp 

14 000 hp-seo 
49 2 per cent 
2 100hp 

900 hp 

16000 hp-sec 
43 0 per cent 
560 hp 

900 hp 

16 145 hp-sec 
42 6 per cent 
1 750 hp 

850 hp 

1 3 000 hp-seo 
53 0 per cent 
1 550 hp 

700 hp 

15000 hp-seo 
46 0 per cent 
520 hp 

700 hp 


• Includes losses in slip regulator for llgner system 


Table 10a. Metal-mine Hoist 



Cyhndrical drums, 2 000 ft hft 

Reels, 2 000 ft lift 


Induction 

motor 

Ward Leonard 
(no flywheel) 

Ilgner- 

Ward Leonard 
(withflywheel) 

Induction 

motor 

Ward Leonard 
(no flywheel) 

Ilgner- 

Ward Leonard 
(with flywheel) 

Net work 

Hoist friction . 

Loss in driving apparatus* 
Rheostatic loss 

29 100 hp-sec 

5 1 70 hp-sec 

8 290 hp-sec 

1 7 440 hp-sec 

29 100 hpsec 

4 825 hpsec 
19 075 hpsec 

29 1(X) hp-sec 

4 825 hp-sec 
27 075 hpsec 

29 100 hp-sec 

5 170 hpsec 

8 730 hp-sec 

7 000 hp-sec 

29 100 hpsec 

4 825 hpsec 
26 075 hpsec 

29 100 hpsec 

4 825 hp-sec 

27 075 hp-sec 

Total energy consumed 
Over-all effic 

Peak-power demand . . 
Motor rating 

60 000 hp-sec 
48 5 per cent 
1 800hp ! 

900 hp 

53 000 hpsec 
55 0 per cent 
1 670 hp 

750 hp 

61 000 hpsec 
47 8 per cent 
615 hp 

750 hp 

50 000 hpsec 
58 3 per cent 
1 550 hp 

900 hp 

50 000 hpsec 
58 3 per cent 
1 250 hp 

750 hp 

61 000 hp-seo 

47 8 per cent 
615 hp 

750 hp 


* Includes losses in slip regulator for llgner system 


Costs of electric drive (36), 1938: 

Wound-rotor induction motors for geared drive, (a) 200-hp, 600 rpm, 2 200-volt, 
3-pha8e, 60-cycle motor with magnetic control and switch board, $22.60 per hp. Same as 





Table 10b. Recent Electric-hoist Installations 
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vO 

Northern 

Iron Ore Mine* 

Allis Chalmers 
Ward Leonard 

2 250d-c** 
direct 

4 200 

1.42 kw-hr per trip 
2-cylinder 

12' X T 6" 

1 keyed, 1 loose 
poet 
oil press 

49 too 

2 200 

450 

90° 

5 

13/4 

9 200 

17 900 

1 200, 8 hr 

1 40 sec 

15 

10 

450 000 
several 
$96 800 


Anthracite Mine 
in Penna 

Allis Chalmers 
a-c motor 

440, 60-cycle 

600 

1 

985 

1.45 kw-hr per trip 
2-cyhnder — conical 
9' to 15' diam 

X 9' 4" 

1 keyed, 1 loose 
post 
oil press 

27 220 

1 350 

1 785 

1 728 

90° 

8 

11/2 

13 000 

8 000 

1 800, 7 1/2 hr 

100 sec 

10 

10 

358 000 

4 

$85 000 



Ottumwa Iron Wks 
a-c motor 

2 200, 60-cycIe 

250 

1 

450 

1.56 kw-hr per trip 
2-cybnder 

7' X 4' 

keyed 
post 
oil press 

6 000 

770 

900 

410 

90° 

6 

11/2 

cage and car 22 700 

6 000 

1 4 1 per hr 

32 sec in motion 

5 

5 

97 OOOf 
one 

$19 500t 


Homestake 
Mining Co 

Nordberg 

Ward Leonard 

two 1 500 d-c 

3 050 

2-cylinder — conical 
12' and 25' diam 

loose 
post 
oil press 

56 900 

2 100 

2 750 

5 400 

90° 

6 

11/8 

12 500 

14 000 

1100, 7 hr 

161 sec 

15 

15 

1 100 000 

<N 


Ottumwa Iron Wks 
a-c motor 

440, 60-cycle 
one 1 000 

1 

1 300 

5 2 kw-hr per trip 

I -cylinder — conical 

6 1 / 2 ' and 1 1' diam 

keyed 
post 
oil press 

16 000 

1 140 

1 600 

550 

90° 

4 

15/8 

skip 1 3 000 

16 000 

870 per hr 

29 sec in motion 

6 

6 

175 OOOf 
one 

$41 OOOf 

- 

International 
Nickel Co 

Nordberg 

Ward Leonard 

two 1 200 d-c 

1 

3 250 

2-cylinder 

14' X 8' 

I keyed, 1 loose 
post 
oil press 

45 000 

1 638 

2 250 

2 000 

90° 

7 

1 3/4 

13 000 

21 000 

3 300, 7 hr 

80 33 sec 

20 

20 

92 000 


Maker 

Type of drive 

Motor voltage 

Hp of motors 

No of gear reductions 

Peak horse power 

Power per shaft h-p hr 

Drums 

Sue of drums, diam X face 

Keyed to shaft or loose 

Type of brake 

Power for auxiliaries 

Unbalanced rope pull, lb 

Aver hoisting speed, ft per mm. . 

Max hoisting speed, ft per min. . . . 

Depth of shaft, ft 

Inchnation of shaft ... 

Time for caging, sec 

Sue of rope, in 

Skip or cage and wt, lb 

Weight of ore, lb 

Tons hoisted and time 

Hoisting time per trip 

Time of accel, sec 

Time of retard, sec 

W’t of hoist, lb 

No of levels served 

First cost, fob factory 


* Change from 1 000 hp, 2 200-volt a-c hoist. t These weights and prices include motor and control equipment. 
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above, but with liquid-rheostat secondary control, $31.50 per hp. (6) 600-hp, 459 rpm, 
2 200- volt, S-phase, 60-cycle motor, with magnetic control, $15 per hp; with liquid rheo- 
stat, $17.50 per hp. (c) 1 300-hp, 360 rpm, 2 200-volt, 3-phase, 60-cycle motor, with 
magnetic control or liquid rheostat, $14.50 per hp. 

D-c motor, geared to drum, with motor-generator set and Ward Leonard control; 
(a) 800-hp, 350 rpm, 550-volt d-c motor, 700-kw motor-generator, with 500-kva synchro- 
nous motor, $35 per hp; (b) same as (a), but with 600-hp induction motor and 18 000-lb 
flywheel, Ilgner control, $48 per hp. 

D-c motor, direct-connected to drum, with motor-generator set and Ward Leonard 
control: (a) 950-hp, 93 rpm, 550- volt d-c motor, 700-kw motor generator, with 600-kva 
synchronous motor, $43.50 per hp; (b) same as (a), but with 600-hp induction motor and 
18 000-lb flywheel, $53.50 per hp. Table 10b gives makers’ data and costs of recent instal- 
lations. 

Automatic hoisting (42) at Emma Nevada shaft is obtained by a push button at skip loader's 
station of either of two mine levels. Pushing the button starts the hoist, automatically controlling 
acceleration, full-speed running, retardation, final stop at dumping point and the setup for reversing 
rotation on the next cycle. A third button is used for test purpose. Provision is made for manual 
operation of the master controller, when changing the drum adjustment for the two levels, or for 
hoisting men. The hoist is of the balanced cylindrical-drum type, with Ilgner-Ward Leonard drive, 
and opierates at depths of 646 and 826 ft, with a 12-ton load and 10 V 2 "ton skip. Similar hoists are 
used at Miami (43), Inspiration Copper Co, and Butte. 

14, HOISTING ENGINE CALCULATIONS 

Factors for general case: 1. Daily output required governs number of hoists per day or 
shift. This, in turn, depends on load per trip, as determined by size of car (or other local 
conditions), depth of shaft, type of plant, and allowances for delays and handling men and 
supplies, 2. Gross load = wt of ore -h car + cage + rope. 3. Size of rope is determined 
by wt of ore, car and cage, multiplied by starting factor of 2 to convert dead into live load, 
plus weight of rope. Rope weight must first be assumed, and one or more approximations 
made. (For Bending Stresses m hoisting ropes, see Art 7.) 4. Max unbalanced load, 

when hoisting in 2-compartment shaft, equals wt ore 4- rope. 5. Total time for a com- 
plete hoist. These five factors must be harmonized for selecting type and power of hoist, 
suitable for conditions, geared hoist for low, direct-acting for high, hoisting speeds. 

Total time per load. For single-compartment siiait, this covers down trip -|- up trip 
+ delays at bottom and top, for caging cars, or, with skips, for loading and dumping. 
This also holds good, m general, for double-compartment shaft, with independent drums 
operated by clutches. For dooble-compartment shai-u', hoisting in balance with fixed 
(keyed) drums, or single drum with over and under rope, the total time per load is the 
elapsed time from the moment cage stops at bottom on down trip until it stops at top on 
up trip. 

Delays. Caging car, with bcvst track arrangements, takes 5 to 10 sec, which may be 
greatly exceeded when loading facilities are poor. With skips and power-operated loading 
chutes, loading time may be reduced to 3 to 9 sec (10). When hoisting in balance, delays 
at top and bottom are coincident and only the longer one needs to be allowed for. If 
hoisting capacity permits, larger allowances should bo made; preceding figures are not 
obtainable with hand caging or hand loading of skips. If men and supplies are handled 
with ore hoist (usually requiring 20-40% of each shift), it is best to allow total time for 
them and compute delays on net time. 

Hoisting time and speed. Time per trip includes periods of acceleration, uniform 
speed, and retardation. Acceleration and its period vary widely. For shafts exceeding 
say 600 ft depth, acceleration is from 2 to 8 ft per sec per sec (11) ; for shallow shafts and 
largo tonnages, it may bo 6 to 12 ft. At latter rate acceleration period may run into 
retardation period, with practically no time of uniform speed (as with conical drum or 
reel). Uniform speed period varies with depth of shaft and hoisting speed. With geared 
hoists max speed rarely exceeds 1 000 ft per min. With direct-acting hoists, 4 500 to 
5 000 ft per min is sometimes attained. Speeds of 2 000 to 3 000 ft are common. Tendency 
is to obtain increased capacity by increasing load rather than speed, which conduces to 
safety and less wear and tear. 

Let o *» accel, ft per sec per sec; v =* mean veloc, ft iier sec; vi *■ max veloc, ft per sec; C «■ hoist- 
ing time, sec; <i *» time of accel, sec; <2 “ time of max speed, sec, h = depth of shaft, ft; « **» dis- 
tance passed over during accel, ft. Then, ■« »i 4- a, and s »» -i- 2a; and if time and distance 

of accel and retardation be assumed equal, 

^ h — 2s h 

ti » 

tri v\ o 


I- 36 
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also, 

But 


« - 2ii -f <2 - ~ 

a 01 a 

h ahvi . 

® ■ 7 “ — r • whence a 

i Ol* 4" 


oi® -}- dh 
avi 




ft(oi - o) 


( 27 ) 


Examples. Tamarack No 3 shaft, Mich, 4 800 ft in 75 sec, or 3 880 ft per min aver, with max 
about 6 000 ft per min. Whiting shaft. Calumet <k Hecla mine, from 4 90io-ft level at aver speed 
of 3 500 ft. Kimberley diamond mines. South Africa, from 1 560 ft depth, aver speed 2 230 ft, 
max 3 770 ft; acceleration period 16 sec, retardation 13 sec, constant speed 13 sec, total 42 sec. 
Hence, acceleration is about 3.5 ft per sec per sec. Loading skip requires 5 sec. Quincy No 2, 
Mich, 10 000 ft in 250 sec; max speed, 3 200 ft per min; accel, 36 sec; retardation, 26 sec (7). 
Orient shaft, Ziegler Coal Co, 111, 600 ft, 5 sec to cage, 5 sec accel and retard; total time for complete 
hoist, 17.12 sec; max speed, 5 070 ft per min. Dowlais shaft, Cardiff, Wales, 2 220 ft m 52 sec, an 
aver of 2 562 ft per min. Rosebridge Colliery, England, speed of 5 100 ft per min is on record. 
Usual speeds are: small geared hoists, 450 to 500 ft per min; large, 900 to 1 200 ft. Small 
MBBCT-ACTiNo HOISTS, 1 000 to 1 500 ft pet miu; large, 2 500 to 3 500 ft. 


Table 11. Acceleration in Various Mines (National Safety Council) (46) 



Shaft 

Aver 

length 

of 

hoist 

Max 

hoisting 

speed, 

ft 

per min 

Accel, 

ft 

per sec 

To 

reach 

max 

speed, 

ft 

Time to 
reach 
max 
speed, 
sec 

N J Zinc Co, Frankhn, N J 

Inclined 

915 

3 000 

3 33 

375 

15 

Inter Nickel Co, Creighton, Ont 

“ 

1 600 

1 100 

2 33 

260 

15 

Witherbee-Sherman, Mineville, NY. . 

“ 

1 000 

1 200 

1 33 

150 

15 

Copper Range Co, Painesdale, Mich . 
Repubhc Iron & Steel Co, Bumingham, 


1 500 

2 360 

2 48 

130 

10 

Ala 

** 

5 400 

2 200 

1 47 

459 

25 

Sulphide Corp, NSW, Australia . ... 

Vertical 

825 

3 650 

5 06 

300 

15 

Calumet & Arizona, Warren, Anz 

“ 

1 500 

1 600 

5 33 

70 

5 

United Verde Copper Co, Clarkdalc, Ariz 


850 

2 000 

4 70 

115 

10 

North Butte Co, Butte, Montana 

** 

3 600 

2 700 

2 53 

400 

17 

Great Boulder Prop, Boulder, W Australia 


2 000 

2 000 

5 85 

95 

6 

Old Ben Coal Corp, Frankfort, 111 

“ ' 

475 

3 600 

12 00 

150 

5 


With fixed output, speed and load are dependent upon each other. If F » average hoisting 
speed per min; T — output, tons per hr; W »» net load, tons ; h — depth of shaft, ft, and t ■» cag- 
ing time, min; then. 


16. STEAM HOISTS 

Engine details. Minimum diam of drum depends on diam of rope (Art 2 and 7); 
maximum diam, on hoisting speed required and piston speed of engine. Ratio of gear- 
ing, from 1 : 3 to 1 : 6. Piston speed rarely exceeds 650 ft per min; for small engines 
600 ft. Ratio of ctl diam to length of stroke varies for geared hoists from 1 : 1.2 to 
1 : 1.67; ratios of 1 : 1.25 to 1 : 1.33 are common. For direct-acting hoists ratios are 
usually from 1 : 1.3 to 1 : 2.66. 


Friction allowance for engines, sheaves, and shaft guides Is generally lumped to cover all these 
items, including windage. McCulloch and Futers (4) assume starting friction of engine as 25% of 
wt of one cage -|- contents 4- rope; running friction as 0.6 of this or 15%, and shaft friction and 
windage as 10%. But, since all these items are not effective until after starting, it is customary to 
take friction allowance at 20% for direct-acting and 25% for geared hoists. Following frictional 
resistances were measured at three Butte (Mont) shafts, when hoisting from depth of 2 200 ft, at 
max speeds of 3 000 to 3 500 ft per min (47, p 837) : 


Speculator shaft 
High Ore shaft . 
Diamond shaft . 


In balance Out of balance 
21 1% 13.0% 

23 0 17 5 

29 0 10 0 


These percentages are in terms of indicated work of the engines, the difference between values when 
hoisting in and out of balance showing that shaft friction at high hoisting speed is much greater than 
engine friction. In these cases the engine friction alone was probably less than 6% (47). 

Effective crank radius is taken at 0.58 of full crank radius for engines cutting off at 87.5% ol 
stroke, which is about as late as is practicable. This enables one cylinder to start the load, when 
cranks at 90® apart are in their most disadvantageous positions. 


Steam pressure. Initial press for small hoists is assumed in makers* lists at 80 to 
100 lb. For simple, non-condensing hoists, assume 100 lb; for compound, 125 to 150 lb. 
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(Note. — Hoist should be designed to start under a lower pressure, to take care of emer- 
gencies.) Mean effective press (m e p) does not affect size of cylinder necessary to 
start the load, but must be considered when 
engine is up to speed and running with short- 
ened cutoff. In absence of indicator cards, 
approximate m e p may be calculated by: 

p = 0.9 [c (pi + 14.7) — h] (29) 
in which: p == m e p (gage); pi = initial 
steam press (gage) ; b — absolute back press 
(for hoisting engines == 17 to 19 lb) ; c == con- 
stant depending on point of cutoff, 14.7 = 
atmos press at sea level, and 0.9 is the dia- 
gram factor. 

Force required to accelerate load and 
moving parts can be disregarded for slow 
hoisting speeds, and in general for geared hoists, but must be determined for rapid hoisting. 

Let M = mass of one cage and empty car, and W their weight: Mi = mass of ore 
and w its weight; M 2 = mass of one rope and Wr its weight; Fi = accelerating force in 
ascending rope , Fz = accelerating force in descending rope. 

Then Fi = a {M -f- Mi -j- M 2 ), and F 2 ~ aM. 

During period of acceleration, load on ascending rope is IF d-tc-hTFr + Fi, and on 
descending rope, W — F 2 , assuming empty cage at surface. Unbalanced load during 
acceleration, neglecting changing lengths of ropes, is. 

L = (TF + 1 C + IFr + Fi) - (TF - F 2 ) = u? + TFr + a (2 M + JWi 4- M 2 ) (30) 

Engines must also accelerate the masses of drums, sheaves, and reciprocating parts. 
Weight of drum is assumed as concentrated at its equivalent radius of gyration, taken at 
0.7 r. Then, if Md is mass of drum, and neglecting sheaves and other parts, the accelerat- 
ing force required is Fd = 0.7 Af^a, since surface of dnim is moving at same velocity as the 
rope. Weight of dnini is calculated, or estimated from known weight of a similar one. 
A drum 8 ft diarn by 8 ft long weighs about 20 000 lb. 


Table 12. Values of “c” for 
Engines with 7% Clearance 


Point of cutoff, 

% of stroke 

Ratio of 
expansion 

c 

100 

1.00 

1 000 

83 3 

1.18 

0 986 

75 3 

1.30 

0 969 

62 5 

1 54 

0 925 

50 0 

1.88 

0.860 

37 6 

2 40 

0 766 

25 0 

3 35 

0 637 


Hoisting-engine formulas. 

Let P = total press on one piston, due to initial steam press^ 

Vx «=* initial steam pieas, lb per sq in, 

I «= length of stroke, ft, 
d = diam of cylinder, in, 

e =« starting efficiency or factor, to allow for starting friction of engine, sheaves and cages, 
assumed at 0.7 to 0.83, 

D *=> diam of drum, ft, 

A — area of piston, sq in = 0.7854 (i*, 

L = unbalanced load, lb, 
k = ratio of stroke to diam ==• 12 f -i- d, 
mi^ = moment of unbalanced load about center of drum, 

mp “ moment of steam press on one piston about center of crank shaft, in least advantageous 
position of cranks. 

Then 'mi^ =» LD -4- 2, andwp “• 0.58 Pi -i- 2 

To start the load, emp must be equal to or greater than rnjr^, or 0.58 ePl + 2 LD -f- 2, whence 

<f» = 2.19^^ (31) 

epxl 

Substituting for I its value in terms of d, d* = 26.3 — - (32) 

€Vik 

Eq 31 and 32 neglect area of piston rod. For a geared hoist, if q be the gear ratio, 

d» =» 26.3 (33) 

epxkq 


These formulas give cylinders amply large unless rapid acceleration and high speed are necessary. 
Assuming uniform acceleration, the engines develop greatest power just at end of acceleration period. 

Let F » maximum rope speed, ft per min, p = m e p, lb per sq in; A » revs of drum per mm; 
Lp - total imbalanced load, lb, including wt of ore and rope, and total force necessary to accelerate 
load, cages, ropes, and drums. Then the required h p = LpF + 33 000, and h p of both cylinders 
■■2 eplAN -i" 33 000. Equating and reducing to same form as Eq 31, 


d* 

d« 


LtD 

epl 

epk 


(34) 


and 


(35) 




Table 13. Examples of Hoisting Engines (McCulloch and Futers) 
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VIII 

Compound 
condensing. 
Cyl drums, 
tail rope 

iS ; i ■ 6S6?*" 

o* O eo o ^ lA o — 

S3 — — 

«Q 

: ^ 

VII 

Compound 

condensing. 

Conical 

drums 

1 

: : 3 a- • • 

QJ, , , . . , . - oOsO'4'tSOOOOOO — 

X* f3 — '«r — * 

® 

V and VI 

Compound 
condensing 
Cyl drums, 
no tail rope 

OO H-l 

? - - - - - - - — 

« rA < 


Non- 

condensing 

compound 

Cyl drums, 
no tail rope 

OO 1 



^ - - - - - - - sooO'«•ooa'^<^o — 

cTi — — — '«• 

- r>» 

« O 5 
« <; 

a 

Non-condens- 
ing, duplex 
cyhnders. 

Cyl drums, 
tail rope 

* 

C; MD iS ^ OO 

j;X £: : t 

'*rt>.ooo©o»^oo‘AO — 

>0 


Non-condens- 
ing, duplex 
cylinders 
Corneal 
drums 

£ fT, _ OO OO 

— — — er^^/^ .O;;0O vOkO‘A'«‘ 

•— t '■ W'' 

A cMl'H-'rOOoorvjO'OOooooo — 

y (N40'0'C<\iriO'U^*-. — 

. -- 

^ <N 

- 

Non-condens- 
ing, duplex 
cylinders 

Cyl drums, 
no tail rope 

-M ;2 

-^X ^oS^o 

or, i 2 ® 00 «0 — o rr> o — 

^ <Nf<^ 

rs 

Case 

Type of engine 

Oiam of drums ... 

Cylinders 

Distance during acceleration 

No revs during acceleration 

Time of acceleration, sec 

Distance during retardation 

No revs during retardation 

Time of retardation, sec 

Max shaft velocity, ft per sec ... 

Max hp at full speed . 

Min hp at full speed 

Steam consumption, acceleration period 
Steam consumption, full speed period 

Total steam ... 

Steam per shaft hp-hr, entire trip . 

Safety factor of rope . 

Per cent of economy, compared with Case I j 
Per cent extra rope stress due to accel . . i 

Starting crank radius . 

Condensation loss factor, full speed period 


- 

fs m tn so »>. 00 O' o — fs u-4 o rs OO O' o — 


* In th^e cases starting crank radius is taken as 0.8 r, for cross-compound engines. For tandem-compound, this point is immaterial. 



Table 14. Examples of Direct-acting Hoisting Engines 
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By substituting for Lt the unbalanced load only, at uniform speed, the m e p for any given engine 
may be determined, and minimum point of cutoff found for constant speed. 

In Eq 34 and 35, e is the factor for running engine friction, shaft friction, and windage, and may be 
assumed as having same value as in Eq 32, since increase in shaft resistance offsets the reduction 
from starting engine friction to running engine friction. 

Comparison of performance of different types of hoisting engines is given in Table 13. 
These engines are designed for max depth of 3 000 ft; load of ore, 3 360 lb, skip, 2 240 lb; 
initial steam press, 150 lb; output, 25 ton per hr; balanced hoisting. (Note. — “Shaft 
horsepower-hour” denotes net load in lb of ore only X total aver depth in ft hoisted per 
min 4- 33 000.) 

Examples and costs of hoisting engines. Table 14 gives data of large direct-acting hoists, with 
approx costs in 1914. Present costs (1938) are about double those quoted. Large hoists are all 
especially designed and costs vary greatly. Table 15 gives approx 1926 costs (in eastern U S) of 
ordinary geared hoists. 

Table 15. Geared Hoists, Single Friction Brum, Reversible Link Motion 


Rated 

hp 

Cylin- 
ders, m 

Drum, in 

Wire rope 
on drum 
in single 
coil 

Aver 
hoisting 
speed, ft 
per min 

Bed-plate, in 

Weight 

hoisted 

Ship- 
ping wt 
com- 
plete 

Approx 

price, 

fac- 

tory 




diam Igth 

ft 


width 

Igth 

lb 

lb 


10 

5 by 

6 

16 by 20 

150 

225 

57 5 

by 41 5 

1 500 

2 300 

$ 890 

16 

6.25 “ 

8 

24 ‘ 

24 

240 

265 

66.5 

“ 50 

2 000 

3 800 i 

1 000 

30 

8 

10 

29 ‘ 

‘ 25 

276 

350 

73 5 

“ 59 5 

3 500 

6 500 

I 250 

50 

10 

12 

42 ‘ 

34 

426 

400 

89.75 

“ 68 75 

4 500 

9 400 

1 650 

75 

12 

16 

48 ‘ 

40 

500 

450 

105 25 

" 81 5 

7 000 

18 500 

2 650 

100 

14 

18 

54 ‘ 

48 

602 

450 

117 

“ 92 25 

9 000 

27 000 

3 300 

150 

16 

18 

60 ‘ 

60 

754 

450 

120 

“ 94 

10 000 

31 000 

5 700 


Note. — For double-drum hoists add 50% to weight and 45% to price. 


Small geared steam-driven hoists for prospecting, development, or mines of small output and 
depth, are self contained and of simple design (Table 16). Gear ratios, 1 : 4, to 1 : 6. Lowering is 
usually by brake, but reversing gear may be had for 10% added cost. Total cost, approx 18^ per lb. 


Table 16. Lidgerwood Portable Hoists, Single Cone-friction Drum 


Rated 

hp 

Cylinders 

Drum 

Average 

hoisting 

load, 

lb 

Average 
hoisting 
speed, 
ft per 
mm 

Bed plate 

Approx 

total 

wt, 

lb 

Diam, 

in 

Stroke, 

in 

Diam, 

in 

Length, 

in 

Width, 

in 

Length, 

m 

12 

6 25 

8 

24 1 

26 

1 500 

250 

49 

59 

3 600 

20 

7 

10 

29 

26 5 

2 000 

275 

54 

72 

5 500 

30 

8 25 

10 

34 

32 

3 000 

350 

55 

74 

7 500 

35 

9 

10 

41 

40 

3 500 

350 

72 

74 

9 000 


Portable column- or stope-hoists, for handling timber and ore in stopes and winzes, are usually 
operated by compressed air or electric motor. Air motor is some form of rotary engine, mounted at 
the end or inside the drum, and has double-reduction gearing. These hoists have 1 or 2 drums, and ai e 
especially convenient m narrow workings, as they may be mounted on a column, or temporary 
timber foundation. Their most useful applications are in operating underground scraper loaders 
(2) (Sec 27), and in hoisting and erecting heavy timbers in stopes. Capacity, 1 000-2 000 lb, at 
50-300 ft ropie speed; wt, 450-700 lb; air consumption, 200-250 cu ft per mm; over-all dimensions, 
14 by 18 by 23 to 15 by 20 by 38 in. 

Medium-size geared hoists are suitable for more extensive development work, or 
mines of small tonnage, to say 500 ft in depth. They are especially adapted for hoisting 
■adth buckets, light cages or skips, at speeds of 450 to 700 ft per min (Table 17). 

Large geared hoists may be self-contained, or with engines and drums supported on 
independent bed-frames. They are especially suited to hoisting heavy loads at moderate 
speeds, up to say 1 500 ft per min; hence, are advantageous for slopes or inclines, where 
high speeds are not permissible. Under these conditions, geared engines give better steam 
economy, due to higher piston speed and ability to use drums of large enough diam to 
prevent undue bending stresses in rope. Geared hoists are useful where economy of floor 
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space and foundation is an object. Their cost is 35 to 50% that of direct-acting hoists 
for same hoisting load. 


Table 17. Single- and Double-drum Geared Hoists, Band Friction Clutches 



Cylinders 


Drums 



1 

Weight 

Over-all 

dimensions 

Rated h p 

Diam, in 

Stroke, in 

Engme spee 
r p m 

Diam, in 

Face, in 

L’gth of rope 
in 1 layer 

Gear ratio 

Unbalanced k 
lb, with 100 
steam 

Rope speed, ft 
min 

Single 

drum 

Double 

drum 

Width, 
single drum 

Width, 
double drum 

Length 

85 

9 

12 

250 

42 

30 

410 

1:55 

4 700 

480 

8 700 

15 000 

ft in 
7- 8 

ft in 
12-0 

ft in 
7- 6 

92 

10 

12 

230 

48 

30 

450 

1 : 5.5 

5 000 

520 

10 200 

17 500 

7- 8 

12-0 

7- 6 

130 

II 

15 

200 

54 

36 

540 

1 : 6 

7 300 

490 

17 300 

28 600 

9- 0 

13-6 

9 - 4 

140 

12 

15 

180 

60 

36 

540 

1 : 6 

7 800 

470 

19 000 

30 000 

9- 0 

13-6 

9- 4 

160 

13 

15 

ISO 

60 

36 

540 

1 : 5 

7 800 

550 

26 400 

40 000 

10- 8 

15-6 

10- 7 

200 

14 

18 

175 

60 

36 

480 

1:45 

8 700 

610 

37 000 

51 100 

10-10 

17-3 

ll-IO 

200 

14 

18 

175 

72 

36 

570 

1:45 

7 200 

730 

39 000 

56 600 

11- 0 

17-3 

11-10 

230 

15 

18 

175 

72 

36 

570 

1:45 

8 300 

730 

44 500 

60 800 

It- 0 

17-3 

II-IO 


Note. — Specifications of different makers vary. For preliminary estimates, cost may be taken 
at 25^ per lb at factory. 


First-motion or direct-acting hoists are useful for large output, or for depths requiring 
high hoisting speeds. Besides the advantage of eliminating gearing, their relatively slow 
speed of stroke permits use of Corliss or other variable-cutoff valve motion. Though 
usually designed for greater economy in steam consumption, their first cost is higher, 
and they should not be used for depths less than 500 ft, imless output is large. 

Compound hoisting engines have limited application. Their high cost is justified only 
where fuel is expensive, and large loads are hoisted in rapid succession from deep shafts. 
When not operated condensing (condensers often work unsatisfactorily in hoisting service), 
their economy is but little better than that of simple engines, taking into account the inter- 
mittent running. They are either cross-compound or twin tandem-compound. Though 
more costly, the latter design is preferable, because in the cross-compound the high-press 
cylinder must be large enough to start the load when low-press cylinder is on center. 
This prevents an economical ratio of cylinder volumes. Throttle and valve gear must 
be designed so that, in starting and until full speed is reached, the 1-p cyl receives steam at 
such press as will give a starting effoi t equal to that of h-p cyl. Cylinder ratios can be pro- 
portioned to best advantage in the twin tandem-compoimd. 

Examples of compound cylinder ratios. Old Dominion Copper Co, Aria, twin tandem condens- 
ing, 17 and .31 by 48 in, ratio of areas 1 to 3.4. 20 and 37 by 66 in, ratio 1 to 3.45. Copper Queen 
Consol Mining ('o, Anz, t>Mn tandem condensing, 16 and 28 by 48 in, ratio 1 to 3.08. Homestake 
Mining C’o, So Dak, duplex cross-compound condensing, 28 and 52 by 42 m, ratio 1 to 3.47. Rand- 
fontein, Transvaal, cross-compound condensing, 22 and 40 by 48 in, ratio 1 to 3.3. Village Deep 
shaft, Transvaal, tiMii tandem condensing, 17 and 28 by 60 in, ratio 1 to 2.73, duplex cross-com- 
pound geared hoist, 14 and 21 by 20 in, ratio 1 to 2 2,'>. Cambria Steel Co, Johnstown, Pa, cross- 
compound condensing, 28 and 50 by 48 in, ratio 1 to 3 2. Grand Central Mining Co, Mexico, twin 
tandem, 16 and 24 by 42 in, ratio 1 to 2 25. 

Table 18 shows test of a Nordberg twin tandem-compound condensing hoist; cyls 16 and 28 by 
48 in, Corliss valve gear, 2 clutched drums, each 7 ft diam, holding 2 100 ft of 1.25-in rope; total 
rope pull, 19 000 lb. 

Valv© gear of hoists should bo as simple as is compatible with good construction, and 
economy in steam consumption; with minimum number of parts, and all motions positively 
controlled when possible. 

Three types used in American engines; slide, piston, and Corliss valve. Suns valvbis are 
always used for small and generally for large geared hoists, and for many direct-acting hoists. In 
small engines, valves are unbalanced; in large, balanced valves should be used. Pistok valvbb 
are used in the simpler forms of heavy-duty direct-acting hoists; they are balanced as to steam pres- 
sure, and are well adapted to high pressure and speed and also to long-stroke engines, because each end 
of cylinder has its own valve, thus reducing length of ports. But, since the piston valve is not held on 
seat by steam pressure, it is liable to leakage from wear. High cost of CoRLias qbar is justifiable 
when fuel is high, and when saving in this and in decreased maintenance cost exceeds the added first 
cost within life of mine. It is especially suited to large output from depths of 1 000 ft or more. Its 
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economy results mainly from the automatically controlled variable cutoff, which is more easily 
applied to Corliss than to other valves. Variable cutoff is operated by ball governor (which also 
prevents excessive speed), or by an auxiliary lever to throttle, by which cutoff is shortened as throttle 
is opened. With slide and piston valves, cutoff may be shortened by “linking up,” but this interferes 
with exhaust. Corliss valves with non-detaching gear are now used, having advantage of separate 
steam and exhaust valves with quick opemng and closing. Variable-expansion gear must auto- 
matically return to position of latest cutoff with the stopping or slowing down of hoist. As Corliss 
gear is limited to speed of about 125 rev per min, it is rarely applied to geared hoists. 

Reversing gear, when hoisting is in balance, or if lowering is done by steam when not balanced, 
is commonly of link-motion type, or a modification of it. Both open and crossed eccentric rods are 
used, but open rods are best as they increase lead of the valve as cutoff is shortened, giving more 
compression and earlier admission of steam for cushioning when running at full speed. On large 
Corliss hoists, valve rods are sometimes driven from a crank on an auxiliary shaft inclosed by a 
hollow shaft geared from main shaft. Inner shaft is driven from hollow shaft, but may be rotated 
independently by the reverse lever, through an angle sufficient to reverse the engine. Medium size 
direct-acting and geared hoists are reversed by hand, large hoists by an auxiliary engine (Art 3). 


Table 18. Test of Sacramento Hoist, Copper Queen Consol Mining Co 

April 19, 1911. (Charles LeGrand, Cons Eng) 



AM 

7-11.30 

PM 

12-3.30 

Total shift 

8 hr 

Steam press (at boiler, corrected) 

144 

144 5 

144.25 

“ “ (at hoist, corrected) 

137 

137 

137 

Steam temp at boiler, deg F 

430 

430 

430 

Vacuum 

19 7 

19 9 

19 8 

Ore hoisted No 4 level, lb 

337 700 

199 000 

536 700 

“ “ “ 8 “ “ 

79 100 


79 100 

“ “ “10 “ “ 

248 900 

312 900 

561 800 

“ “ “14 “ “ 

177 700 

280 900 

485 600 

16 “ “ 

104 500 

28 200 

132 700 

Total pounds hoisted 

947 900 j 

821 000 

1 795 900 

Work done, hoisting ore, shaft hp-hr 

435 88 

418 20 

854 08 

“ “ “ men and skip, shaft hp-hr. . . i 

23 33 

20 05 

43 38 

Total shaft hp-hr 

459 21 

438 25 

897.46 

Average shaft hp 

102 05 

125 21 

112.18 

Mean hoisting depth. . ... 

910 

1 010 

968 

Steam charged to hoist, including condensation in pipe line. 




lb 

13 942 

12 158 

26 100 

Steam to condenser, lb 

1 215 

945 

2 160 

Total steam, lb 

15 157 

13 103 

28 260 

Steam per shaft hp, excluding condenser, lb. 

30 36 

27 74 * 

29 08 

Steam per shaft hp-hr, including condenser, pipe-line con- 




densation, and steam for oil pump, lb 

33 00 

29 90 

31 49 


Notes. — Aver load of ore per skip for 232 skips hoisted, 3.81 tons. Wt of empty skip, 5 400 lb. 
Wt of 1.25-in rope, 2.5 lb per ft. Condensation in pipe line from boilers, 625 lb per hr, with steam 
on line and hoist not running. Steam for condensing plant charged at 30 lb per kw-hr, an aver of 
9 kw being used. 

Steam economy of hoisting engines is necessarily poor, due chiefly to intermittent 
operation. A hoist must start under full load and have rapid acceleration, thus requiring 
uneconomical admission of steam during nearly full stroke. Also, intermittent work 
involves loss of stored energy near end of trip if heavy braking is done, and the large 
variation of load within the short hoisting period prevents economical operation. The 
frequent stops and periods of idleness allow cylinders to cool and increase condensation 
loss. Superheating reduces condensation, and is justifiable for large hoists. Hoisting 
engines cut off at about 0.85 stroke in starting, and with slide or piston valve this is not 
changed as engine comes up to speed, when hoisting from shallow shafts. Though indi- 
cator cards are useful for determining condition of valves and pistons, their results are 
comparative, rather than absolute, because with varying speed and load no two engine 
strokes give the same card. Hence, steam consumption as calculated from hoist indicator 
cards is an approximation at best. Steam consumed per unit of work may be obtained 
very closely by measuring water supply to boilers, if plant is so arranged that one or more 
boilers supply the hoist independent of auxiliaries. Such tests should last several hours, 
useful work being calculated from tonnage hoisted. 
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Steam consumption varies between wide limits. Small hoists at a distance from boiler 
require 150 to 175 lb per shaft hp-hr; for large compound condensing hoists, winding from 
deep shafts, 25 lb per shaft hp-hr is obtainable; for moderate size, simple, non-condensing 
hoists, with slide or piston valves, 50 to 75 lb. 


16. COMPRESSED AIR HOISTS (See also Sec 15) 

Compressed-air hoists have same general construction as steam hoists. For small- 
scale work portable “ column ” or “ stope ” hoists (Art 15), or small geared hoists (Table 
17) are used. For economy, large expansive-working engines require cylinders of special 
design. Cutoff is later, clearance volume is reduced to minimum, and larger admission 
ports are required, since at same pressure the density of air exceeds that of steam. Small. 
HOISTS, running intermittently, give no trouble from freezing of moisture in exhaust ports, 
as cylinder walls and passages have time to regain normal temp. But, for economy, the 
air should be reheated. For starting and acceleration, air is admitted at practically full 
stroke, and power controlled by throttle. In larger hoists, with expansion gear, expan- 
sion is only partial, because, since there can be no condenser, the terminal press must 
bo sufficient for proper exhaust. Owing to rapid drop in temp of expanding air, the work 
done is less than with steam, that is, the adiabatic curve of air is below that of steam, with 
corresponding decrease in mean effec press. Hence, for same m e p, cutoff must be later 
(Sec 39). On the other hand, the theoretical final temp of expansion is never reached in 
practice, because of transmission of heat by cylinder walls, compression in clearance 
spaces, and presence of moisture in the air. Loss in efficiency due to incomplete expansion 
can be reduced by two-stage expansion. With cutoff m high-press cyl at 0.9 stroke 
(minimum practicable starting cutoff), and reheating between cylinders to initial temp, 
the loss in compound cylinders is about one-half that of a simple cylinder, or a saving of 
25% of the energy in the air entering high-press cyl. 

Work done by compressed air. See Sec 39 for theory, and results of work with partial and com- 
plete expansion. Table 19 gives relations between initial and terminal press and temp for different 


Table 19. Theoretical Ratios of Pressures and Temperatures Due to 
Expansion of Compressed Air in a Motor Cylinder 


Point of 
cutoff 

Ratio of 
expansion 
= 1 T- cut- 
off 

Ratio of 
mean to 
total abs 
press, for 
entire 
stroke 

Ratio of 
mean to 
total abs 
press, dur- 
ing expan- 
sion only 

Ratio of 
initial to 
final 
temp 

Ratio of 
initial to 
final abs 
temp, due 
to expan- 
sion only 

Ratio of 
initial to 
final abs 
press for 
ratio of 
expansion 

0 10 

10 00 

0 249 

0 

166 

0 513 

0 513 

0 039 

0 15 

6 67 

0 348 

0 

233 

0 460 

0 578 

0 069 

0 20 

5 00 

0 436 

0 

295 

0 518 

0 627 

0 104 

0 25 

4 00 

0 515 

0 

353 

0 568 

0 669 

0 142 

0 30 

3 33 

0 585 

0 

408 

0 612 

0 705 

0 184 

0 35 

2 86 

0 647 

0 

460 

0 652 

0 737 

0 228 

0 40 

2 50 

0 706 

0 

510 

0 688 

0 767 

0 275 

0.45 

2 22 

0 757 

0 

558 

0 722 

0 794 

0 325 

0.50 

2 00 

0 802 

0 

604 

0 754 

0 818 

0 378 

0 55 

1 81 

0 842 

0 

649 

0 784 

0 841 

0 433 

0 60 

1.67 

0 877 

0 

692 

0 812 

0 862 

0 487 

0.65 

1 54 

0 907 

0 

734 

0 839 

0 882 

0 545 

0 70 

1 43 

0 932 

0 

774 

0 865 

0 902 

0 605 

0 75 

1 33 

0 954 

0 

814 

0 889 

0 920 

0 667 


points of cutoff (48). Corrections are necessary for clearance volume, the actual effect of cutoff 
being found by divi^ng the sum of cutoff plus clearance, by cylinder volume plus clearance. Thus, 
if stroke is 5 ft, with cutoff at 0 2 and clearance of 6%, total volume of cylinder plus clearance is 
(5 X 0.05) -f 5 »» 5.25; the sum of cutoff plus clearance is 1 -f 0.25 » 1.25, and actual cutoff is 
1.25 4- 5.25 “ 0.23. Table 20 is thus calculated. As volume of air at cutoff is increased by the 
clearance, the mean press is greater than if calculated on basis of nominal cutoff. 

(Tables 19 and 20 are adapted from G. D. Hiscock, “Compressed Air, Its Production, Usee and 
Applications," 1901. Also, see Peele’s “Compressed Air Plant,” 6th edn. Chap 16.) 

Cylinder volume. Work per stroke is calculated from ft-lb of work to be done and revolutions 
of engine. This, with initial and final pressures is substituted in formula for partial or for complete 
expansion (Sec 39), which is solved for initial volume of compressed air per stroke * theoretical 
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cylinder volume. This is corrected for clearance, according to type of engine, and the proper ratio 
of stroke to diam is determined. Initial vol of air -i- vol at end of expansion « per cent of cutoff. 

Volume of compressed air required = volume of air per stroke (calculated above) 
X number of strokes, lemembering that there are 4 strokes per revolution in a duplex 
hoist. Volume so found is reduced to free air (Sec 39). Table 21 gives volume of free air 
per min per indicated hp, for different cutoffs, without reheating, and at 60° initial temp. 
These values do not include the volume corresponding to piston clearance (see above). 


Table 20. Actual Cutoffs Due to Clearance, for Nominal Cutoffs in Column 1 


Point of 
nominal 
cutoff 



Percentage of clearance 



0 03 

0.04 

0.05 

0.06 

0 07 

0 08 

0 10 

0.10 

0.126 

0 135 

0.143 

0 151 

0.159 

0.167 

0 182 

0. 15 

■bw 

KM 

0. 191 



0 213 

0 227 

0.20 

BbII 


0 238 


HSEwH 


0 273 


■S3 

■t ■ 

0.286 


0 299 

0.305 

0 318 

0.30 



0 333 


0 346 

0.352 

0.364 

0.35 

■iil 


0 380 

HE 9 

0.392 

0.398 

0.409 

0.40 

0.417 

0.423 

0.429 

0.434 

0 439 

0 444 

0 455 

0.45 

0 465 

0.471 

0 477 

0.481 

0 486 

0 490 

0.500 

0.50 

0 514 

0.519 

0.524 

0.528 

0 533 

0 537 

0 546 

0.55 

0.564 

0 568 

0 571 

0 576 

0 580 

0 585 

0 591 

0.60 

0 612 

0 615 

0 619 

0 623 

0.626 

0 630 

0 637 

0.65 

0 660 

0.664 

0 667 

0 670 

0.673 

0.676 

0 682 

0.70 

0.709 

0.711 

0.714 

0 717 

0 720 

0.722 

0.727 

0.75 

0 758 

0 760 

0 762 

0 764 

0 766 

0 768 

0 772 


Table 21. Cubic Feet of Free Air per Minute per Engine I H P (F. C. Weber) 


Gage pressures, lb 


cutoff 

30 

40 

50 

60 

70 

80 

90 

100 

110 

125 

1 

23 

3 

21 3 

20 2 

19.4 

18 

8 

18 42 

18 

10 

17 

8 

17 

62 

17 

4 

3/4 

18 

7 

17.1 

16 1 

15 47 

15 

0 

14 6 

14 

35 

14 

15 

13 

98 

13 

78 

2/8 

17 

85 

16.2 

15 2 

14 5 

14 

2 

13.75 

13 

47 

13. 

28 

13 

08 

12 

9 

V2 

16 

4 

14.5 

13 5 

12 8 

12 

3 

11.93 

11 

7 

11 

48 

11 

3 

11 

1 

V8 

17 

5 

15.2 

12.9 

11 85 

11. 

,26 

10 8 

10 

5 

10 

21 

10 

02 

9 

78 

1/4 

19 

6 

15.6 

13 4 

13 3 

11 

4 

10 72 

10 

31 

10 

0 

9 

75 

9 

42 


Quantities of free air in Table 22 are based on actual running time of geared hoists. As such 
engines seldom run more than 1/4 to I /2 the time, a compressor of I /4 to 1/2 the volume given is 
sufficient, provided there is ample storage capacity, and the time per trip is short. 


Table 22. Volume of Free Air for Duplex Hoists (@ 60 lb gage) 


Diam 
of cyl, in 

Stroke, 

in 

Rev per 
min 

Normal 

hp 

Actual 

hp 

Wt Ufted, 
single 
rope, lb 

Free air per 
luin, cu ft 

5 

6 

200 

6 

11.8 


300 

5 

8 

160 

8 

12 6 

1 650 

320 

6.25 

8 


12 

19.8 


500 

7 

10 

125 

20 

24.2 

3 500 

604 

8.25 


125 

30 

33 6 

6 000 

680 

8 50 i 


no 

40 

37 8 

8 000 

952 

10 



50 

52 4 

10 000 

1 320 

12 25 


too 

75 

89.2 


2 250 

14 


90 

100 

125 0 


3 174 


Reheating (theory and results given in Sec 39 and 15) reduces volume of air required 
proportionately to the ratio T 2 Ti, where T% absolute normal temp, and Tt «■ abso- 
lute temp to which the air is reheated. Or, the increase in volume is expressed by: 

Ta : r, - 1 : F, 


(36) 
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V$ being the volume at temp Ts. The added volume is obtained at 1/4 to 3/8 of the cost of 
producing the same volume in the compressor itself (15, 5th edn, Chap 18). 

Practicable increase of temp is up to 400° F; 
higher temp makes cylinder lubrication difficult 
and loss in heat between heater and cylinder be- 
comes excessive. Reheating to 400°, and allow- 
ing a transmission drop to 300°, produces theo- 
retical gain of 43%; in practice, say 20 to 30%. 

Using dry reheaters, a fair average fuel consumption 
per added hp-hr due to reheating is 0.2 lb coke. 

Experiments on an 80-hp Corliss engine, with air at 
95.5 lb abs, reheated to 338° F, gave a coke con- 
sumption of 0.1 7G lb per added hp-hr. At Anaconda 
Copper Co’s plant, the air is reheated by steam at 
200 lb pressure to 250° to 350° F. At Miami, Ariz, 
the reheating temperature is 350° to 375° F. For 
hoists, a reheating gain of 20% is generally prac- 
ticable. 

Anaconda vahre gear. In modifying the largo hoists 
at the Anaconda mine, and in designing other plants 
for using compressed air, the aim has been to utihze 
eneigy stored in moving parts during retardation to 
compress air back into the storage system, instead of 
wasting power in braking. This is done also when 
lowering instead of hoisting. 

Cylinders and valve gear of Anaconda air hoists 
perform the following functions (47, p 808). In starting, 
the throttle is opened w’lde; air is admitted during 0 9 of 
stroke and exhausted during entire return stroke, giving 
the card o, Fig 48. After making 1 to 3 rev, the governor 
takes control, cutting off the air at different points as 
speed increases (card b). On reaching about 0.0 full 
speed the point of closure of exhaust valves is advanced 
to such point as will cause the clearance air to be com- 
pressed to full initial press. As speed increases the cutoff 
is further shortened by the governor (cards c), the last card 
of series c representing the air expanded to atmospheric press, and engine theoretically working at 
its best efficiency. To maintain this effieienev and eliminate loops in the card (due to expanding 
below atmos press) free air is admitted to cylinder at all points of cutoff shorter than last card in 

c This stage is shown in cards d. In 
card e, the last of the group, air is cut off 
practically on center, and expanded to 
atmos press, which is then maintained to 
end of stroke. Also, atmos press is main- 
tained on return stroke to the point where 
recompression begins. This card cor- 
responds to work of db 0. At this point 
maximum speed is attained, and the hoist 
runs by momentum of the moving masses. 

To retard without applying brakes, 
the regulating lever is moved to retarding 
position, causing admission valve to re- 
main closed during forward and return 
strokes, as in card e. Exhaust valve now 
opens, air is ejected during return stroke, 
and the process of producing cards e and / 
is the same. The regulating lever con- 
trols point of closure of exhaust valves during the exhaust stroke, resulting in the shaded area of /, 
which represents negative work. By further movement of the lever from its neutral position, 
cards g, h and t are made successively, t representing compression of a full cylinder of air. The 
effect of the gear is to exhaust all air not to be compressed, and then compress the remainder. By 
moving the lever to its extreme position, an auxiliary valve opens communication between ends of 
the cylinder, while the piston passes its center with both exhaust valves closed. The compressed 
air then flows to other side, which is filled with free air, causing increase of several pounds press in 
front of piston, the disappearance of the re-expansion line w in card t, and a much higher mean effec 
press of compression, which stops the hoist. Card 3 is produced at this time. Fig 49 is a diagram- 
matic section of the cylinder and valves. The poppet inlet valves prevent air in cylinder from 
expanding below atmos press. Discharge valves operate automatically when air is compressed baci 
into the B 3 r 8 tem; by-pass valves are opened positively and closed automatically. Fig 50 shows th« 
operation of this gear. For first 5 strokes, cylinders are completely filled; next 5 strokes are madf 
with gradually shortened cutoff, after which the clearance compression gear comes into action 



Fig 49. Anaconda Air-hoist Cylinder, B. V. Nordberg (47) 





Fig 48 Air-hoist Cards, 
B V. Nordberg (47) 
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No air is admitted during last 6 strokes, air being compressed back into the system. Work repre* 
eented by this compressed air is shown by the area below atmospheric line. 


Fig 50. 


cS 





Scale, 1 in ■■ 240 lb per sq in 


Aver MEP -19.51b 


jRevt 


Hoisting Card (Leonard Shaft, Butte) from Head End of 34 X 72-in Air Hoist, 12-ft Drumi 
Running Balanced. Hoisting Speed, 1 800 ft m 45 sec (B V Nordberg, 47) 


17. GAS AND GASOLENE HOISTS 

Field of use ; where high freight rates make coal expensive, where th^e is scarcity of 
water for generating steam, for isolated mines, or for temporary work. Sriaall gas engines 
are not so well suited to hoisting as steam or air hoists of same capacity. Because of time 
required to start from rest, the engine must run continuously, the drum being operated 
by friction clutch. Hence, in intermittent hoisting, economy is low. 

Fuel consumption. Producer or city gas, gasolene, distillate, kerosene, or crude oil, 
may be used. Producer gas, or waste gas from coke ovens, furnishes a cheap fuel. Small 
hoists require 0.10-0.15 gal gasolene per hp-hr; a standard 4-cyl, 20-hp engine uses about 
1 gal gasolene per hr. 

Advantages: portability, independence of steam or electric plant, low cost of attendance, 
economy of fuel, and low first cost, when power plant for steam or electnc hoists is considered. 

Types. Engines may have 1 or 2 drums, with friction clutches. For the larger hoists there is 
usually an auxiliary friction clutch on engine shaft. They are usually non-reversible, requiring 
lowering to be done by brake, but there may be special gearing between engine and drums, similar 
to an automobile gear-shift, to reverse direction of rotation of drum, thus permitting hoisting m 
balance. Sometimes designed for 2 speeds. Engine is 4-cycle, and vanes from single hona cyl to 
vertical 6-cyl, rated as 60-80 hp. Larger multiple-cyl units may have self-starters. 

Table 23. Single Friction-drum Gasolene Hoists (Fordson units used on 20-hp sizes) 


Horse 

power 

I Drum 

L _ 

Hoisting 

capac, 

lb 

Speed, 

ft 

per min 

Approx 

shipping wt, lb 

Approx 

price 

with 

motor, 

fob 

factory 

(1926) 

Diam, 

m 

IvCngth 

between 

flanges, 

in 

Without 

motor, 

lb 

With 

motor, 

lb 

5 

8 

I 18 

1 000 

100 

1 200 


$ 700 

10 

10 

18 

1 500 

150 

2 200 



15 

10 

20 

2 500 

150 

2 800 



20 

12 

20 

4 000 

125 

3 750 

4 900 

1 095 

20 

18 

20 

2 500 

200 

3 800 

4 950 


20 

24 

20 

2 000 

250 

3 850 

5 000 


20 

24 

20 

1 250 

400 

4 000 

5 150 


35 

12 

26 

6 000 

160 

4 200 


1 260 

50 

14 

27 

8 500 

160 

6 200 



60 

14 

27 

10 000 

160 

6 500 


2 500 


Rating and capacity. Rating is usually on basis of indicated hp. Lifting capac and 
hoisting speed depend on quality of engine and care in maintenance. Let L = load or 
lifting capac; HP =* rated hp of engine; e « mech effic of hoist; S = hoisting speed, 
ft per mm; then, 

L =» 33 000 eHP -4- S (37) 

Up to 10 hp, e may be assumed as 0.5 to 0.6; for larger engines, 0.6 to 0.7. 

Costs vary widely with type and make of motor. A Middle-west manufacturer quoted 
(1926) on single-cyl hoists: 3 hp, 9 to 12-in drum, $368; 6 hp, 6.5 to 12-in drum, $520; 
10 hpt 9 to 16-in drum, $845. For other costs, see Table 23. 
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18. HAND WINDLASS 


Windlass has low efficiency and small capacity; hence, limited to prospecting, sinking 
winzes, beginning shafts, and small-scale development work. For prospecting, economical 
limit of depth is, say, 75 to 100 ft. 

Principal dimensions for ordinary windlass (Fig 61): Diam of barrel, 6 to 9 in; length, to suit 
size of shaft; crank arm, 14 to IG in; length of handles, 15 to 18 in; height, center of barrel above 
platform, 42 in. Cost, $20 to $35 complete, varying more with cost of labor than of materials. 

Capacity and cost of operation. An average man can do 2 500 ft-lb of work per min, applying 
force of 20 lb at crank. Hence, crank velocity is 125 ft per min; which, with IS-in crank, gives 
16 rpm, or a hoisting speed of 33 5 ft per min with 8-in barrel. At 75 lb gross load per man (125 X 
20 4- 33.5 ■» 75, nearly), allowing half the time for filhng, 
dumping, and lowering bucket, 2 men can hoist 7 200 lb 
from 100 ft in 8 hr. Fig 52 shows cost and capacity, for 
different depths, with 2 men and 1 bucket, wages 20^ per hr, 

3 min being allowed for filling, dumping, and lowering 100 
(1915). 

Manila rope, 0.75 to 1 in diam is best for windlass; wire 
rope tends to kink and is not suited to small diam of barrel. 
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Fig 51 Hand Windlass 


$0.20 0.40 0.60 0.80 LOO 

Cost per Ton (1916) 

Fig 52. Hoisting with Windlass 


Buckets may be of heavy sheet iron, or made from half of an oil barrel, with iron bands top and 
bottom. Bail, 0.75-in round iron, with eye at center, ears for bail are the ends of a 0.25 by 1.25-in 
strap, pa8.sing down each side and under bottom of bucket, with 3 or 4 rivets on a side. Wt of 
bucket, 60 to 75 lb (Art 28). 


19. HORSE WHIM 

Uses. For sinking w'hen depth and capacity required are too great for a windlass; for 
preliminary or small-scale development work, not warranting a power hoist; or for begin- 
nmg a shaft while installing steam or electric hoist. 

Construction. When made at the mine, whim is entirely of wood except bolts and small quan- 
tity of bar iron (Fig 53) (49). This design i.s called “malacate” in Spanish-American countries. 
Axis of drum is vertical, and arm or sweep is attached at top or bottom of drum. If at bottom, the 
horse passes under rope leading to head sheave, if at top he steps over rope, which is then led off in a 
covered trench. Details of Fig 53 Foundation a of rough logs, drift bolted and filled with 

stone. Footstep bearing for drum is of 
two 10 by 12-in by 8-ft timbers b. 
Spindle e, 12 by 12 in, cut down at ends 
c to 6 in diam and capped with 6-in 
pipe couplings. Drum, 3 ft 6 in diam 
by 2 ft 6 in high, of 3-in plank bolted 
together and lagged with hardwood 
strips. Sweep i, 6 by 12 in, b mortised 
to spindle and reinforced with 3 by 6 in 
by 5-ft pieces j. Crosspiece /, 10 by 
10 in by 30 ft, is reinforced at center 
with 3 by 10 in by 5-ft pieces g, and sup- 
ported by 12 by 12-in posts, braced to 
suit direction of pull of hoisting rope. 
Yoke A; is of 3 by 0.75 in by 6-ft steel, swedged to 2 in diam at top and swiveled in end of sweep, 
so that horse can turn sharply and travel in either direction. Brake ring h, of 3-in planks, may be 
added for safety. With this whim a 1 100-lb horse raised a gross load of 2.5 tons at 27 ft per min. 
Instead of a timber crib base, the bottom bearing may be made by a socket in a large stone or in 
a timber imbedded in the ground Cost of whim (1915), $70; (1926), $125-$150. 

Lengpth of sweep should not be less than 12-14 ft, as a horse does not work well when traveling 
a circle of less than 24-28 ft diam. Decrease in hoisting speed due to a long sweep is counteracted 
by increasing drum diam; and this increases life of rope. Length of sweep should be 5~*7 times 
radius of drum, when gearing is not used. 



Fig 53. Whim for Sinking Shaft at Mine\ille, N Y 
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Ready-made whims are obtainable in a number of forms They are occasionally used, but have 
been largely displaced by small gasolene hoists (17) 

Capacity and cost of whim hoisting, for a given depth, depends on power of horse (21 000 to 
25 000 ft-lb per mm), time required for filling, dumping, and lowering bucket and rate of wages 

Fig 54 shows cost per ton and capacity for whim hoisting 
from depths of 50 to 300 ft, under following conditions 
One horse, @ 25 000 ft-lb per min, hoisting speed, 50 ft 
per min, gross load, 500 lb, wt of bucket, 125 lb, wt of 
5/g-in wire rope, 0 62 lb per ft, 2 men and 1 horse at 
surface, $1 25 per hr, time for dumping and changing 
buckets, 1 min (requiring good arrangement at shaft 
mouth) , lowering with brake, 200 ft per min For depths 
of 50 to 100 ft the duty and cost are constant, because 
tonnage handled is all that 4 shovelers (maximum number 
that would be employed under the conditions) could 
load in time required for each hoist (Note — Manu- 
facturers' rating of whims is sometimes equivalent to 
2 or 3 times the average work of a horse ) 

Rope for whims is sometimes hemp, but is better cast 
steel, of ordinary lay, 1/2 to 6/8 diam (For wire rope 
data, see Art 7 ) 

Buckets should be light, plate is thick 

enough, if reinforced at nm A 'w^de shallow bucket is 
better than a deep one, as it is easier to fill and dump Diam is greatest at top, to prevent 
large stones from wedging fast when dumping, but for inclined shaft, where bucket slides on skids, 
a barrel-shaped bucket is necessary Buckets with bail attached at top are safest, but those swing- 
ing on trunnions on the sides, below center of gravity, are easier to dump Proper capacity for 
1 horse, 8-9 cu ft An 8-cu ft bucket, of l/g-in plate, weighs 130-150 lb and costs 14-20(1 per lb 
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20. HOISTING FROM DEEP SHAFTS 

Deep hoisting is taken to mean hoisting from depths over 3 000 ft Because of time 
required, and increase in ratio of rope wt to net load, both speed and load must be increased 
to maintain a given tonnage Long ropes require large drums, presenting special design 
problems Best grades of steel rope are requisite and the tendency is tow ards round ropo 
of constant cross-section Bi-cylmdro-conical drums are used to decrease load on motors, 
and are of such dimensions that rope does not wind on itself, thus increasing rope life 
(6, 30) Cylindrical drums are sometimes used, but in each case the choice must be an 
adjustment of operating cost, effic and capital outlay 

Methods in use and proposed (Art 1) are (a) balanced hoisting m a single hit, with 
conical drums and ropes of uniform section or tapeied, (5) Whiting system, with tail 
rope, (c) Koepe system, with tail rope, (d) hoisting in tandem with 2 skips on each 
rope, one suspended at half the depth and one at full depth, for loading and dumping 
simultaneously, lower skip discharging into bins from which upper skip is filled, (e) hoist 
mg m 2 or more stages, with lower stage hoist either on suiface or underground 

Types of dnve on the Witwatersrand (1923) Out of 72 winding engines serving 39 deep 
shafts, there were 50 steam, 10 Ward I.eonard and 12 induction plants (1) Present practice 
18 towards Bgner-Ward Leonard drive, m both U 8 and 8o Africa (6, 30) A L G Tindley (39) 
recommends direct-acting steam hoists as economical, when hoisting plant is considered in relation 
to compreasor and haulage capac required At Ilandfontein, exhaust steam from hoist is used to 
give 30 000 cu ft of air per min Savings of 2l/2(i p>er ton are claimed over Turbo-Ilgner plants 
Donk Bros Coal Co, 111, use exhaust steam from direct-acting hoist to generate electricity for 
underground haulage and coal cutting, also used by N J Zinc Co and Copper Range Co (37) Stubbs 
Perry plant (39) resembles the Ilgner-Ward Leonard, but a steam turbine replaces a-c motor, with 
an eddy-current brake, all on same shaft 

Hoisting in a single lift. Elsdon & Dolan (30), 1935, state that So African practice 
favors stage hoisting, but that equipment for a single-stage lift of 6 3(X) ft is being installed 
at the Simmer & Jack mines There will be two bi-cylindro-conical drums (Art 2), 13 and 
35 ft diam Ore load, 8 ton, skip wt, 9 000 lb, 2-in rope, with breaking strength of 203 
to 210 ton, rope speed, 3 (XX) ft per min, a Ward Leonard drive, with 2 d-c motors, each 
of 1 800 hp at 225 rpm. Rope safety factor, 6 for men, 4 7 for ore 


21. EXAMPLES OF HOISTING PRACTICE 

Ross shaft, Homestake Mining Co, S Dak (6) Max vert lift, 5 275 ft, wt of skip, 12 500 lb, 
wt of ore per skip, 14 000 lb, 1 7/8-ni rope Drums, double bi-cylindro-conical, 12 and 25 ft diam, 
with parallel shafts, cross gear connected, both clutched, Ilgner-Ward Leonard dnve With two 
1 500-hp, 300-rpm, 600-volt motors, two 1 250-kw, 720-rpm, 600-volt generators, one 1 750-hp, 
720-rpm a-c motor, one 40-kw, 720-rpm, 125-volt exciter, and one 44-ton flywheel, the hoisting capao 
IS 3 225 ton m 15 hr, at 5 275 ft, and 5 475 ton m 15 hr, at 2 200 ft 
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Simmer 6b Jack shaft, So Africa. Stage hoisting (30) ; vert lift, 6 300 ft; double bi-cylindro- 
conical drums; wt of ore, 16 000 lb; wt of skip, 9 000 lb; 2-in rope. Rope speed, 3 000 ft per min; 
Ward Leonard drive, 2 d-o motors, one for each drum, rated at 1 810 hp, at 225 rpm. 

No 4 shaft, City Deep mine. So Africa (41). Stage hoisting; max vert hft, 4 500 ft; 21/4-m 
rope; rope speed, 3 100 ft per min; wt of ore per trip, 8 ton; capac 250 ton per hr. Ward Leonard 
drive; 2 cylindrical shafts, 501/2 ft between centers. 

New Orient coal mine (45, 46), III, normally hoists 10 000 ton in 8 hr from 500-ft depth. It 
has hoisted 15 000 ton and equipment was designed for 12 000 ton per 8 hr. Ilgner-Ward Leonard 
drive, with a 2 200-hp, 2 200-volt a-c motor ; two 1 650-kw, 600-volt d-c generators ; one 60-kw, 
250-volt d-c exciter; 90 000-lb flywheel at 575 rpm. Hoist motors, d c, are cooled by washed air, 
each being 2 000 hp, at 75 rpm. Cycle; acceleration, 5 sec; full speed 6 sec; retardation, before 
entering dumping horns, 3 sec; retardation at dump horns, 3 sec; rest period, 9 sec. Total cycle, 
26 sec. Depth of shaft, 607 ft; wt of coal per trip, 22 000 lb; wt of skip, 15 100 lb. 

Red Jacket shaft, Calumet, Mich, is equipped with Whiting hoists. Shaft is vert, 4 900 ft 
deep (91). Two driving sheaves, 19 ft diam, driven by a pair of inverted vert, triple-expansion 
condensing engines. High-press and intermediate cylinders of each engine act on one crosshead, 
low-press cylinder on another. The crossheads are attached by connecting rods to opposite ends 
of a triangular walking beam, pivoted between the crosshead guides. From third point of the 
beam, a connecting rod goes to crank of first driving sheave. Cranks are 90® apart, connected by 
parallel rods to cranks of second sheave. Cylinders, 20.5, 31.75, and 50 in, by 72-in stroke. Steam 
press, 180 lb. Max speed, 50 rev per min. Use of a tail rope greatly reduces swaying and vibration 
of hoisting rope. Main rope, 1.75 in, tail rope, 1.375 in. < 

No 6 shaft, Tamarack mine, Mich, is 5 309 ft deep. Hoist has 2 simple, non-condensing Corlisa 
cylinders, each 34 by 60 in (see Table 14, No VI). Cylinders are set at 45® to horiz, so that the two at 
each end have center lines at right angles, and are connected to a common crank pin. Hence, when 
one cylinder is on center the others act at 45®, 90® and 135® from this position, giving ease of start- 
ing and uniform torque (Fig 12). 

Turf shaft, Village Deep mine, So Africa. Vert depth, 6 600 ft. There are 3 stages: upper, 
about 4 100 ft vert, the two lower stages being inchnes (8). 

San Juan Del Rey mine, Brazil. Vert depth, 6 726 ft. Hoisting is in 5 stages; in upper stage, 
2 264 ft deep, hoist is dnven by Felton water wheel; next 3 stages are each 1 200 ft, with compressed 
air hoists; lowest stage has an electric hoist. 

Quincy No 2 hoist (installed 1920) has probably the greatest single lift: 10 000 ft on the incline; 
6 600 ft vert depth. It has a cylindro-conical drum, grooved for iS/g-in rope. Skip weighs 
10 000 lb; rope, 10 000 ft, 41 500 lb; ore, 20 000 lb. 

North and South vert shafts of Randfontein Central Gold Mining Co, So Africa. Two Ward 
Leonard electric hoists, installed 1022, are designed for 5 000 ft vert depth, at max speed of 4 000 ft 
per min. The cylindrical drums are 12 ft diam by 6 ft w'lde; rope, 1.75 in. A steam hoist, designed 
for same duty, has 39- by 78-in cylinders; cyl drum, 14 ft diam by 5.5 ft wide, to hold 4 layers of 
2-in rope; max unbalanced load, 60 000 lb. On the Rand, cyl drums are preferred to cylindro- 
conical (8). Conical drums can not be constructed for full equalization of rope load, as angle of 
drum face becomes dangerously steep for deep shafts, or length of drum prohibitive. 

For hoisting 50 tons per hr from 5 000 ft, McCulloch and Futers (4, p 142) calculate an engine 
of following dimensions: small diam of drum, 9 ft; large diam, 24 ft; cyls, 38 by 48 in; max speed, 
60 ft per sec, time for loading and dumping skip, 30 sec; net load, 6 100 lb; taper rope in 4 sections, 
lowest 1 800 ft being 0.9375 in diam, the other 3 of 1 400 ft each being 1.0625, 1.1875 and 1.25 
in diam, respectively; total wt of one rope 11 600 lb, with safety factor of 7. If a umform-eection 
rope were used, diam would be 1 4375 in; total wt, 30 000 lb Steam press is assumed at 150 lb. 
For same output, steam consumption is about 4 times that required for 3 000 ft. H. C. Behr (50) 
shows that hoisting engines more than 3 times as large are required for a given hourly output from. 
6 000 ft as from 3 000 ft. 
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Table 24. Segregated Hoisting Costs, in Cents Per Ton (44) 


Mine 

T..Tbor 

Power 

Supplies 

Repairs 

Total 

Joplin district 

3 3 

2 0 (a) 

1.0 

0.2 

6.5 

No 6, Missouri . . 

3 1 

0 4 


1.0 

4.5 

Acme, Tn-State 

7 1 

1.2 

0.8 


7.1 

Mineville, NY 

10 3 

6.3 

4 7 


21.3 

Montreal, Wis .... 

6 6 

10.2 

0.2 


17.0 


7.2 

5.3 

1.7 


14 2 

85-Mine, N A1 

9 8 

8.3 

6.4 


24.5 

Copper Queen. . . 

2 6 

1.9(a) 

0 2 

2.4 

7.1 

United Verde. . ... . 

18. 1 

20 8 (b) 

0.4 ! 

3.7 

43.0 

United Verde ... 

2 1 

0 9 

0.1 

0.3 

3.4 

United Verde 

6 0 

3.3 

0.7 

5.4 

15.4 

Smuggler Union 

7 9 

1.3 

0.1 

5.6 

14 9 

United Eastern. . . . 

18.4 1 

5.0 

1 4 

2.7 

27.5 

Argonaut 

25 3 i 

10.9 

15.7 


51.9 

Ray 

0 8 j 

0 7 

0 3 

0 2 

2 0 


(a) Steam. (b) Operating boiler plant. 
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Table 25. Hoisting Costs per Ton (44) 


Mine 

1 

Year 

Tonnage 
per year 

Max 
depth, ft 

Cost per 
ton, cents 

Remarks 

Joplin district, Mo 

1917 

136 272 

250 

6.5 

Vert, 

cans (6) 

Acme, Tri-State 

1917 

364 285 

300 

9.1 

** 

No 8, SE Mo 

1928 

168 089 

568 

4.5 

“ 

skips 

Mascot 

1923 

212 990 

582 

4.3 

** 

“ 

Montreal, Mich 

1928 

700 000 

2 700 

14.2 

Incl 

and vert skips 

Montreal, “ 

1928 

500 000 

2 700 

17.0 

** 

skips 

Mineville, NY 

1927 

770 000 

4 200 

21.3 

“ 

and vert skips 

United Verde Extension, Ariz 

1928 

275 212 

1 700 

15.1 

Vert, 

skips 

United Verde 

1918 

530 470 

1 050 

43.0 


cars 

United Verde 

1919 

110 487 

1 050 

3.4 


skips 

United Verde 

1926 

1 387 397 

2 350 

15.4 

“ 

Copper Queen (Sacremento 







shaft) 

1914 

659 102 

1 550 

7.1 (a) 

‘ ‘ 

* * (steam) 

Copper Queen 

1914 

659 102 

1 550 

18 9 (o) 

• * 

cars 

Bunker Hill & Sullivan 

1930 

445 475 

1 2 000 

11 5 

I Incl, 

skips 

85-Mine. N M 

1930 

7 220 

1 650 

24.5 

Vert, 

‘ * 

Smuggler Union, Colo 

1928 

71 521 

796 

14 9 

Incl, 

** 

Elko Prince 

1917 

21 674 

300 

19.6 

“ 

** 

United Eastern 

1917-24 

732 000 

1 298 

27 5 

Vert, 

** 

Mogollon, Ariz 

! 1922 

50 144 

500 

30 1 

Incl, 

• « 

Argonaut, Calif 

1929 

7 800 

7 800 

51 9 

* • 

• • 

Beatson 

1922-26 

1 682 079 

200 

5.1 

Vert, 

** 

Miami, Ariz 

1925-29 

16 556 296 

811 

3 3 

* * 

« * 

Ray 

1928 

3 243 159 

465 

2 0 

“ 

•* 

Nevada Consol 

1924 

694 476 

700 

5 2 

*• 

** 

Lucky Tiger ... . 

1924 

60 000 

400 

16 0 

Incl, 

* ‘ 


(a) Cost of hoisting ore at Sacremento shaft was 7.1^ per ton, at 8 other shafts, which delivered 
ore to the Sacremento hoist, 18.7^i per ton, making a total cost of 26^. (6) Local term for hoisting 

buckets. 


Table 26. Kilowatt-hours Per Ton Ore Hoisted (41) 


Mine 

Reference 

Max dist, 
ft 

Car or 
skip 

Vert or 
inclined 

Kw-hr 
per ton 

No 1, Tri-State 

LC 6113 

200 

“Cans” 

Vert 

2.8 

No 2, “ 

I C 6121 

300 

' ‘ 

“ 

2.4 

No 3, “ 

I C 6174 

200 

“ 

“ 

2.8 

Hartley, “ 

I C 6656 

250 

•* 

“ 

1 6 

8 E Missouri 

IC 6170 

245 

Cars 


0 5(0) 

Daisy, LI 

I C 6384 

640 

Skills 

“ 

6 2 

Hillside, 111 

I C 6294 

550 


** 

1.2 

No 1, Marquette 

I C 6138 

1 000 


** 

1.8 

No 2, “ 

I C 6179 

1 650 


*' 

2. 1 

No 4, “ 

I C 6390 

1 060 



1 6 

No 5, “ 

I C 6380 

1 200 


*• 

2.5 

No 1, Menominee 

I C 6180 

1 200 


“ 

3.3 

Mineville, NY 

I C 6092 

4 200 


Both 

4 2 

Mineville, NY 

A I M E Vol 72 

4 200 


‘ ‘ 

4 8 

Montreal, Wis 

I C 6369 

2 700 


Vert 

4 0 

Page, Idaho 

I C 6372 

1 200 

1 

Incl 

2 7 

Hecla, Idaho 

I C 6232 

2 000 


V’ert 

4.4 

Cortez, Nev 

I C 6327 

240 

4 S 

Incl 

9.4 

Copper Range 

A I M E Vol 72 

2 000 

4 t 

** 

4.1 

Homestake, S D 

A I M E Vol 72 

2 300 

4 4 

Vert 

2.1 

Mascot, Tenn 

I C 6239 

582 

• « 

** 

1.1 

United Verde 

A I M E Vol 72 

1 500 

44 

• 4 

1.1 

United Verde 

M C J Sept ’27 

2 350 

44 

• 4 

0 8 

Old Dominion, Ariz 

I C 6237 

2 600 

44 

4 4 

9 8 

Argonaut, Calif 

I C 6311 

5 800 

44 

Incl 

9 9 

Plymouth, Calif 

A I M E Vol 72 

3 000 

4 • 

“ 

10.7 

Mary, Tenn 

I C 6397 

900 

• 4 

Vert 

12.2(b) 

Black Rock, Butte. . . . 

I C 6370 

3 000 

4 « 

' ‘ 

10 3 

Bunker Hill dc Sullivan. . . 

A I M E Vol 72 

2 000 


Incl 

13. 1 

Tintic Standard 

I C 6360 

1 300 

Cars 

Vert 

15.4(c) 

Miami, Ariz 

A I M E Vol 72 

796 

Skips i 

‘ * 

1.3 

Morning, Idaho 

I C 6238 

2 250 

‘ * 

* * 

4 4 


(a) Questionable; too low. (b) Estimated from 81.1 lb coaler ton ore hoisted. (c) Dis- 
tribution on direct labor basis. 1 C Information Circulari U S Bur Mines. 



DESIGN OF HEADFRAMES 


12-^1 


23. DESIGN OF HEADFRAMES 

Types. Headframes are of the A-type or modifications of it (Fig 66 and 66), or of 
the 4- or 6-po8t type (Fig 64 and 59). The A-type is more economical in material, and 
the stresses are all determinate. The 4- or 6-post type is necessary when the shaft com- 



partments are not in line with engine; that is, when axis of drum is normal to long dimen- 
sion of shaft. They are common in the Penn coal fields, where the compartments are large 
and so require considerable overhang of sheave to line up its circumference with center of 
shaft, and where there are often 4 compartments in a row. Where a rock-house or tipple 



is combined with the headframe, the 4- or 6-po8t type lends itself a little more readily to 
the construction. 


Special stnicturea, falling within the above two classes, are sometimes erected to meet unusual 
conditions; for example, the concrete headframe (Fig 80 ), and the rook-houses of the Mioh iron 
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and copper diatriots (51, 52). Also, frames like those of Allen and Qaroia (Fig 74), with single or 
narrow back-brace, are sometimes advantageous. The main frame may usually be classified as of 
the A or 4-post type, or combinations of these, as where two or more hoists serve several shaft com- 
partments not symmetrically placed, thus requiring back bracing on more than one side; or where 
the headframe is built into the tipple or crusher house. 


General principles of design are the same as for any framed structure. Severe condi- 
tions of mining and great variation of load require larger safety factors than ordinary 
structures, and ample thickness of section for steel members, because of the exposure to 
corrosion at mouth of shaft, from mine air. Minimum thickness of section is usually 
specified as 1/4 in to ^/i6 in. 

Height is fixed by: elevation of cage landing or skip dump above surface; over-all 
height of cage or skip, when in dumping position; and allowance for overwinding (Art 34). 
Overwinding allowance depends chiefly on speed of hoisting, type of engine, and drum 
diameter. It is usually specified in terms of drum circumference, but with drums of 20 ft 



or more diam, and where the ore is discharged 
to bins or crusher at a considerable height 
above shaft collar, this may give a prohibi- 
tive height of frame. For speeds under 500 ft 
per min, 8 to 10 ft is ample, although it is 
better to allow more if convenient. For high 
speeds, a clearance of 25 ft, from rope socket 
to sheave center, is rarely exceeded, where 
the landing is above the ground, and 35 ft 
where the landing is at shaft collar. At the 
landing portals, bracing is arranged to allow 
ample room for handling. 

Calculation of stresses. For A or 2-post 
frames, all stresses are determinate and are 
conveniently found graphically. Total stresses 
are due to: (a) Dead load, or weight of the 
structure and sheaves with their bearings 
(Art 5). Weight of frame is approxunated 
from that of a similar headframe (Table 31, 
32), (by a preliminary estimate) and divided 
equally among panel points. (6) Wind U)ad. 
Wind pressure is taken at 30 lb per sej ft for 
head-frames which carry a housing, and at 
50 lb per sq ft on the vertical projection of 
the members if not housed. Wind loatis are 
consideied as applied at the joints of mem- 
bers. (c) Live load, assumed as equal to 
ono-half the breaking strength of the rope 
(see also Art 24 and 25). With 1 rope, each 
side of frame takes half the live load. With 
2 ropes (hoisting in balance), each side of 
frame takes the full live load of one rope, 
for 2-and 4-poBt frames, while with a 0-post 
frame, having a central set of posts, the 
middle set takes the full load of one rope. 


Fig 67. Headframe Stress Sheet, Projection on each side takes half the load, provided 

Plano of Back Stay the sheaves are eiiuidistant from the center 


and side posts. In the A or 2-post frame, it 


is sufficiently accurate to consider the live-load stres.ses as acting at the intersection of 
front post and back stays; although, in the structure itself, the resultant of the rope 
stresses may not pass exactly through this point. Bracing m the side panels takes none 
of the live-load stresses. Diagonal bracing is assumed as being in tension only, in steel 


frames, whence the horiz struts are compression memliers, though under certain con- 
ditions they may act in tension. In the 4- or fl-post frame some of the stresses are stati- 
cally indeterminate, and for accurate design reference may be made to standard works on 


the subject (53) . Fig 60 shows a method meeting ordinary requirements. The frame 
and its bracing are assumed to carry all the wind and dead load, excepting the wind 
stresses in transverse bracing of back stays. Since diagonals are considered as tension 
members only, redundant diagonals are omitted in calculations. 

It is to be remembered that the frame as a whole must be sufficiently stable to resist 

Kv winri nrMcnirA TTnr +hiii it in iimifillv Vw»nt fyi rlonnnrl r»n wiHfK nf finnn 



DESIGN OP HEADFRAMES 


12-63 


rather than on anchor bolts, which may be weakened by corrosion. Maximum overturning 
effect of wind will be in a direction parallel to the shortest dimension of the base area. 
The total area in sq ft of all members exposed to wind, on both windward and leeward sides 
of frame, multiplied by assumed maximum horiz press per sq ft, gives total press in lb. 
This may be taken as a concentrated horiz load, acting at the center of figure of the frame. 
It is resisted by the wt of structure, including sheaves and bearings, multiplied by half the 
width of base. 

The position of the center of figure can be closely approximated in any given case. 
In proportioning the width of base, sufficient allowance should be made to cause the 



diagonal resultant of wind pro^s and wt of frame to fall well within the base area. The 
calculation is similar for a structure with housing attached to the frame. 

Graphic determination of stresses for an A or 2-po8t frame is shown in Fig 55, 56, 57, 
58, in which the loading on one rope is assumed as half the rope’s breaking strength and on 


Table 27. Maximum Stresses in Headframe Members 


Member 

Miixinuim 

tonsJon 

Maximum 

coinprcftBion 

Member 

Maximum 

tension 

Maximum 

compression 

Front posts 

0 

i +45 700 

M-12 

0 

+ 6 900 

Back brace poets 

- 3 000 

+ 63 000 

12- 13 

- 8 000 

0 

1-2 

- I 200 

0 

13-14 

0 

+ 10 300 

2-3 

0 

+ 2 250 

14-15 

- 1 1 500 

0 

3-4 

-2 600 

0 

16-17 

- 1 700 

0 

4-5 

0 

+ 4 750 

17-18 

0 

+ 2 550 

5-6 

-5 200 

0 

18-19 

- 3 200 

0 

6-7 

0 

+ 8 700 

19-20 , 

0 

+ 4 700 

7-8 

-9 600 

0 

20-21 

- 5 500 

0 

8-9 

- 1 900 

+ 4 300 

21-22 

0 

+ 8 500 

'^lO 

0 

+ 4 300 

22-23 

~ 9 900 

0 

lo-n 

-5 700 

0 ' 

23-H 

- 4 000 

- 5 000 
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the other double the weight of skip, contents, and rope Shaft, 1 200 ft deep, skip, 2 500 
lb; ore, 4 600 lb, 1-in plow-steel rope, 1 896 lb, breaking strength of rope, 76 000 lb; 
sheave, 6 ft diam In Fig 68, the wind load on side of frame, combined with the live load, 
gives the maximum stresses in front posts and bracing Bracing in front and back eleva- 
tions takes none of the dead load Weight of frame is estimated as 50 400 lb, and stresses 
due to dead load, and wind pressure from the rear, as shown m Fig 56, give maximum 
uphft at foot of back brace if the ropes should at any time be removed from the sheaves 
Fig 57 shows stresses in back brace due to live load and to wind pressure on one side. 
Bases of posts are usually made normal to plane of front and back of frame Ckimbining 
the reactions at foot of one back jxist gives maximum uplift normal to the base of 10 500 lb, 
a maximum pressure of 61 900 lb, and a shear on anchor bolts at right angles to normal 
pressure (or tension) of 10 000 lb Similarly for the front posts maximum normal pressure 
on the base is 48 200 lb and shear 8 900 lb 



Four- and six-post headframes. In those, since live and wind-load stresses are inde- 
terminate in some members, either the tower, or the A-frame made by the middle bent 
and back brace, may be considered as carrying all wind load from front or back In first 
case, diagonal bracing between back brace and tower is superfluous, because the struts 
transmit wind pressure from back brace to tower, in second case, struts between front and 
middle bents transmit wind pressuio from the front Wind pressure from the side is 
carried by each bent and its bracing m j^roportion to the surface supported by each, 
and the stresses are determinate in a 4-po8t frame In a G-post frame the center post is 
redundant, and wind stresses may bo assumed as transmitted to the outside posts and 
the bracing between them 

Approximate determination of live-load stresses (Fig 60) 1 Resolve resultant of 

rope stresses at sheave centei into its honzontal and vertical comfxmcnts 2 Deter- 
mine equivalent reactions due to total vertical component at front and middle bents 
3 Combine vertical reaction at middle bent with total horizontal component, thus making 
a new resultant through intersection of middle bent and back brace 4. In these, dotcr- 
mme stresses due to new resultant, as in case of an A-frame. 

Fig 60 shows this resolution of stresses in the plane of one rope and sheave Taking a O-post 
frame, and considering both ropes loaded with 100 000 lb, vertical reactions at top of each post are 
shown m Q>) and (c), and in plane of back brace in (a) If back brace is placed near resultant, this 
method gives less stress due to live load in middle bent than in the front, but m practice the middle 
bent IS usually made of same size members as the front Dead and wind-load stresses with wind 
from the side are greatest in middle bent As exact calculation of stresses in statically indeter- 
minate structures depends on ngidity of the structure, this approximate method may be used to 
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determine the sections of members, and on basis of the sections so found, stresses are exactly calou* 
lated If the section of any member is unsuitable, recalculate by the method of least work.** Stress 
and design features of Eureka Standard headframe are shown in Fig 61, 61a (37). 



Temporary headframes for developmont and shaft sinking are of wood, which costs 
le8.s, is iiHiially readily obtained and (jnickly ereotod. Height depends upon method of 
disposal of the rock, and size of ore bucket. Simplest form, suitable for a whim in sink- 
ing test pits, is a tripod of 3 light posts. A small frame used in Joplin district (Fig 62) 
has 4 eipially inclined posts, without a back brace, the hoist being placed close to shaft 
mouth, so that the resultant of the rope pull falls w^ell within the base. Fig 63 shows 
the Montana tyiie, which may be modified for almost any condition; Hg 64, a 4-po8t and 
back-brace frame. Fig 65 shows an A-frame, for an inclined shaft at West Dome 
mine, Porcupine, Ont (54), combined with an ore bin; height, 40 ft; hewed posts. 
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10 X 10 in, with a batter of 1 : 8 to 1 : 10. Posts are tied with 3 girts and a cap, 
back brace with 2 girts, 1-in bolts and tie rods. Front posts are assumed to carry no 
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girders are carried on short posts set on a girt in plane of middle bent. For 2-post frames 
the sheaves are supported as in steel frames (Art 25). Fig 67 shows top of 2-post frame, 
for single-compartment shaft, and working load of 8 000 lb. 

Fig 68 shows details of a timber headframe, with tandem sheaves, working load 9 000 lb on each 
rope. Mortise and tenon trenailed joint*!, with tie rods, make neat construction, but reduce strength 
of timbers, and labor cost is greater than for gained joints with bolt connections. For the latter, 
the braces are gained 1 to 2 in on the posts, with plenty of bolts. Strength of tension members 



depends more on bearing area of the bolts than sectional area of timber. Malleable or steel castings 
at joints make strong connections. Steel-plate brackets arc not so good as castings. Columns 
standing directly on the foundation are anchored by angles on opposite sides of the post and bolted 
through. If resting on sills, columns are similarly anchored to the sill, which in turn is bolted to 
foundation. A cast pedestal, recessed to receive foot of post, is also recommended. Solid timber 
is best for main poets, but built-up columns may be used. Allowance for reduction of section by 
mortises and bolt boles must be made. 



Factor of safety should be double that allowed for ordinary structures, taking into 
account total rope load from all causes. Or, since headframe should be stronger than the 
rope, ultimate strength of frame is made twice breaking strength of rope (Art 25). 

Allowable unit stresses and strength of members. For timber headframes M. S. 
Ketchum (53) gives Table 28. Formula 38 gives allowable stresses for dead load, which 
applies to live load when properly converted to dead load (Art 14). Length of columns 
should not exceed 45 times least dimension. Unit stress for lengths of more than 10 times 
least dimension is found by: 

P - C ~ (n 100(f). (38) 


where C * unit stress for short columns (Table 28); P » allowable unit stress, lb per 
sq in; f * length of column, in; (f «■ least side of column, in. Assoc of R R Superinten- 
dents of Bridges A Buildings recommended (1895) the safe unit stresses in Table 29. 

Formula 39, for wooden columns, is based on that of the Division of Forestry, U S Dept of 
Agriculture: 700 4- 1.5 C 
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in which P ■» ultimate strength, lb per sq in; P «- ultimate crushing strength of timber; C — Z -f- <1; 
I length of column, in; d » least diam, in; F *>» 5 000 lb for white oak and long>leaf yellow pine, 
4 500 lb for Douglas fir and short-leaf pine, 4 000 lb for red pine, spruce, hemlock, California red- 
wood, and 3 500 lb for white pine and cedar. 


Table 28. Allowable Working Unit Stresses for Dead Loads, lb per sq in 


Kind of timber 

Trans- 
verse 
loading, S 

End 

bearing 

Columns 

under 

10 diams, 
C 

Bearing 

across 

fiber 

Shear 

Modulus 

of 

elasticity, 

E 

Parallel 
to grain 

Longi- 
tudinal 
shear 
in beams 

White oak 

1 200 

1 200 

1 000 

450 

200 

no 

1 150 000 

Long-leaf yellow pine . . 

1 300 

I 300 

t 000 

300 

180 

120 

1 610 000 

White pine and spruce . 

I 000 

t 000 

800 

200 

100 

70 

1 130 000 

Western hemlock. . . 

1 000 

1 000 

800 

200 

160 

100 

I 480 000 

Douglas fir .... 

1 200 

( 200 

1 000 

350 

180 

no 

1 510 000 



Fig 68. Headframe with Tandem Sheaves 


Cost of wooden headframes (Table 30) varies more widely than for steel, due to vari- 
ation in cost of timber, which ranges from $36 to $100 per M 1x1 ft. With carpenters at $6 
per day, cost of erection will be from $40 to $60 per M bd ft. Cost of ironwork, bolts 
and nails, depends on design, averaging say $20 per M bd ft of timber used. 

Comparisons between wood and steel headframes can be sharply drawn for special oases only. 
Wooden frames are cheaper in first cost and total erection time, considering time required to obtain 
the material, while steel frames are fireproof and much more durable. Unless given preservative 
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treatment, wooden frames decay rapidly, and are a source of danger in case of fire. They are now 
seldom built, except for temporary work or short lived mines; for large tonnage, and when life of 
mine will exceed that of a wooden frame (say S-20 yr, depending on climatic conditions), the greater 
first cost of steel is justified. The difference in cost is less than formerly, due to increased cost of 
timber. As the strength of steel is known within much closer limits than that of wood, the design 
can be made with more certainty as to safety of the structure. Large allowances must be made for 
the variable strength of even the same kind of timber. It is difficult to retain full strength of a 
timber member at joints, without use of special ironwork which may make the cost approximate 
that of an all-steel structure. Damage to a wooden frame can usually be quickly repaired by 
materials and tools at hand. Since joints of wooden frames tend to loosen, from the action of 
moisture, and from seasoning, steel makes a more rigid structure for high frames. A wooden frame 
can be erected by local carpenters, while a steel frame requires services of expert erectors. 







STEEL AND CONCRETE HEADFRAMES 

25. STEEL AND CONCRETE HEADFRAMES 

Details of design. Cross-sections of posts and main bracing are determined as in 
Art 23; then sheave girders, post bases and guide supports are designed (see Sec 43). 
Table 31 gives types of sections of members; angle or H-sections often used for posts 


J : to C L i[<\M 





Rear Bracinj^ 


Floor Line 


60 ^^ 




V*. Sub Dm* 

ft'o'loaf 


Fig 73 Steel Headframe, Orig Mine* Butte, Mont. (E & M Jour) 

of small frames. For 4- and 6 -i> 08 t frames, sheave bearings are usually supported by 
I-beams. 3'wo shallow beams give a broader and more stable support than one deep beam. 
They are designed for the bending moment due to vertical component of total rope load on 
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Table 31. Examples of Steel 


Name and 
location 

Year 

erected 

Shaft 

Weight 
(of cage 
or skip) 
and 
ore, 
lb 

Diam 

of 

rope, 

m 

Diam 

of 

sheave 

Type 

Height 

to 

sheave 
center, 
ft and 
in 

Hoist- 
ing 
speed, 
ft per 
min 

Incli- 

nation, 

deg 

No 

hoisting 

com- 

parts 

Depth, 

ft 

St Lawrence, Mont 

1897 

90 

2 

2 100 

21 000 

7X1/2 

l(K-0'' 

A 

97-0 

2 200 







flat 





Con Coal Co, Caretta, W Va 

1925 

90 

2 


35 000 


12'-0'' 

4-post 

91 6 


Anaconda, Mont 

1898 

90 

2 

^ 2 400 

21000 

7X1/2 


A 

58-8 

2 200 







flat 





High Ore, Butte, Mont , . 

1898 

90 

2 

2 800 

19 000 

7X1/2 

lO'-O" 

A 

100-0 

2 200 







flat 





Stewart, Butte, Mont . 

1898 

71 

2 



7X1/2 

r-6" 

A 

55-0 








flat 





Montain View, Butte, Mont 

1899 

90 

2 


21 000 

7X1/2 


A 

80-0 

2 200 







flat 





Basin & Bay State, Basin, 

1899 

90 

2 




lO^-O" 

A 

70-0 


Mont 











Second Speculator, Butte 

1899 

90 

2 


21 000 

Round 


A 

50-0 

2 200 

Union shaft, Virginia City, 


90 

2 

2000 

4 150 

1 

7'-0" 

A 

50-0 

1000 

Nev 











Utah-Apex, Utah 

1917 

90 

3 

1 500 

14 000 

1 1/8 

7'-0" 

A 

50-0 

1 500 

Copper Queen, Bisbee, Ari* 

1906 

90 

2 main, 

1 700 

9 700 

1 1/4 

7'-0" 

A 

60-0 

1 900 




1 aux 








Inland Steel Co, Hibbing, 

1908 

90 

3 

185 

10 400 

1 1/8 

6'~0" 

A 

76 0 

500 

Mum 











Tonopah-Belmont, Tono- 

1911 

90 

2 

1700 

10 700 


7'-0" 

A 

75-0 

920 

pah, Nev 








1 



North Star, Grass Valley, 

1915 

90 

3 


13000 


8'-0" 

A 

100-0 


Cal 











Prospect colliery, Wilkes- 

1898 

90 

2 



11/4 

6'-0" 

4-p08t 

61-0 


Barre, Pa 











Lehigh A Wilkes-Barre Coal 

1899 

i 

90 

2 

315 

13 500 

11/2 

12'-0" 

6-p08t ^ 


2 300 

Co, No 9, Sugar Notch, Pa 











Phillips mine, S W Pa 


90 

2 

268 


13/8 

l(K-4)" 

6-pOBt 

107.0 
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leadframes, with Costs 


Dimensions I 

Dimensions horizontal and diagonal bracmg I 

Dis- 

Height, 

Dis- 


Cost 







tance. 

tance. 

Weight, 

erected 







land- 

ing 

above 

collar, 

ft 

Vertical 

posts 

Back 

brace 

Side 

horizontal 

struts 

Side 

diagonals 

Front 
and back 
horizontal 
struts 

Front 
and back 
diagonals 

back 

post 

to 

braoc, 

ft 

center 
of shaft 
to cen- 
ter of 
drum 

with- 

out 

sheaves, 

lb 

without 

sheaves 

and 

founda> 

tions 

4Z8,6X 
7i 6; 1 PI. 
51/2X7/16 
4 Ls, 
1X4X6/16 

Same 

2 12 m Cs; 

I 4X3/8 PI 

2 I2in Cs 

1 10 in Cs 

2 9 in Cs 

L 8, 5X3 1/2 
to 

2 12 in Cs 

2 9 in Cs 




117000 

$3920 











21 / 2 X 21/2 

4Z8, 6X 

Same 

2 9mCa 

2 La 

29in Cs 

2 Ls, 




74700 

2 755 

3/8: 1 PI. 
8X3/8 



5X3X6/16 


5X3X6/16 






1 cover PI, 

2 web Pis, 

20X7/16 

18X7/16 

2 Dj, 

15 and 12 in! 

XV 2 


61 

38 


292000 

8 940 

■L8.3 l/j 

31/2X31/2 










C31/2X3/8 

Xl/2 










2 9m Cs 

2 9 in Cs 

2 8 or 9 in 

2 6 or 7 m 

2 6, 8 (x* 

2 6or 7 m 



83 

45 000 

2 327 



Cs 

Cs 

9 m Cs 

Cs 






2 Pis, 
20x3/8: 

2 1 5 m (Is 

Same 


2 9, 10, 12. 

or 15 in Cs 





183000 

7 320 

2 9 m Cs 

2 10 in Cs 

2 7 in Cs 

2 6 or 7 m 

2 7 in Cs 

2 6 or 7 in 

44 

31 

no 

79 000 

3857 




Cs 


Cs 






2 7 in Cs 

2 8 in Cs 

2 5 in Cs 

1 Same 

Same 

Same 

30 


75 

42 200 

2500 

PI, I2X 

PI. I8X 

None 

None 

Front 1 L, 

1 L. 

30 



42 000 


V 16 .^ Cs, 

5/16. ^Ls, 



4X3X6/16. 

3X21/2 






3 '/JX3 

4X3X6/16 



Back 2 Ls, 

XVis 






XVie 




3 1 / 2 X 2 1/2 











X 6/l« 







2 10 in Q 

2 12 in Cs, 

2 8 in Cs 

2 8 and 

Same 

Same 





15000 


1 PI, 


6 m Cs 



1 




includ- 


16X1/4 









ing 

founda- 











tions 

2 8 in Cs 

2 10 in Cs 

2 6 in Cs 

2 Ls, 

Front, 

2 Ls, 

34 

15 

100 

35 250 





31 / 2 X 21/2 

2C8. 

3X2X1/4 









Xl/4 

10 or 6 in; 

Back. 1 
2Ca, 6 in 







2 10 in Cs 

2 10 in Cs 

2C8, 

2 Ls, 4X ! 

2 6 in Cs 

2 Ls. 

34 

39 

150 

79000 

5000 



5 or 6 in 

3X6/18 or I 


4X3X6/16 









3 1/2X2 I/ 2 I 


or 3 I/ 2 X 









X6/16 


21/2X6/16 






2 9 in Cs 

2 12 in Cs 

2 6 in Cs 

2 Ls. 

Front 2 Ls, 

2 Ls, 

39 

40 

too 

65000 

6920 



or 2 Ls, 

21 / 2 X 2 1/2 

5X3X6/16. 

2 1/2X2 1/2 








21/2X21/2 

Xl/4 

Back, 

XI /4 








Xl/4 


2 6 in Cs 







2 10 in Cs 

2 12 in Cs 

2 6 or 8 in 

Same 

2 6 or 9 in 

Ls or Cs 

55 



%000 




Cs 


Cs 







2 Is, PI 


2 Ls, 

Same 

Same 

Same 


20 

116 



10x6/16: 

4 Ls, 
4X3X1/2 


6X4X7/16 









2 Ls, 

2 Ls, 

Cs 

1 L, 

Cs. 

1 L. 

41 

67 

60 

350000 

16175 

5X3X3/8 

6X6X1/2 


6X3X8/8 


6X3X8/8 




indud- 

includ- 










ing 

ing 










trestle 

trestle 

4Zs, 

Same 

2 Pis, 

2 Ls, 
3X3X3/8 

Sameu 

2Ls, 

3X21/2 

75 

80 

84 



3X211/16 

8X8/8: 

side 



X8/8 


4Ls,3X 



X8/8 






PI. 6X8/8 


2 1/2X8/8 
battened 
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sheave (Art 14), plus wt of sheave. For the front and back cross girders supporting 
sheave girders, channels work best into the design. Sheave girders and top of frame are 
often covered by a steel-plate floor, in which case the honz component of rope load goes to 
intersection of back brace and posts, and cross girders on back brace are omitted (Fig 69) . 


Table 32. Statistics of Headframes in Butte District (37, 56) 


Shaft 

NVeigl 

Cage 

lit, lb 

Skip 

Capac- 
ity of 
skip, 
ton 

Depth 

of 

shaft, 

ft 

Ore 

hoLsting 
speed, 
ft per 
mm 

Height 
of head- 
frame, 
ft 

Weight 
of head- 
frame, 
lb 

Diam 

of 

sheaves, 

ft 

Size and type of 
hoistuig rope 

Anaconda 

4000 

8500 

5 

2 800 

2 200 

58 82 

74,700 

to 

7 1/2" X 1/2". flat 

Badger State . . 

4 000 

10 500 

7 

3 500* 

2 800 

129 5 

256 000 

12 

1 7/g" diam, rd 

Bclrnont 

4000 

10500 

7 

3 400* 

2 600 

129 5 

256 000 

12 

1 diam, rd 

Belmont (old) . . 

3800 

8 900 

5 

3 400 

2 250 

114 

timber 

10 

7 1/2" X 1/2", flat 

Berkeley 

3900 

8 500 

5 

3 200 

2600 

80 

timber 

10 

1 1/4" diam, rd 

Black Hock No 1 

3800 

10 000 

to 

2800 

2 600 

152 

250 000 

10 

1 1/2" diam, rd 

Black llock No 3 

3800 

10 000 

10 

2 800 

2600 

152 

250 000 

10 

1 1/2" diam, rd 

Diamond 

3 850 

8960 

5 

3400 

2800 

100 

! 318 000 

to 

6" X 1/2", flat 

Flm Orlu 

4000 

10 000 

7 

3 300 

2 600 

1 94 

65 000 

10 

6" X 1/2", flat 

High Oe 

3 850 

8960 

5 

3 400 

2600 

100 

292 000 

10 

6" X 1/2", flat 

D'onard 

3800 

8 500 

5 

2 800 

3000 

141 

346 425 

12 

1 1/2" diam, rd 

Mountain Don 

4000 

10 500 

7 

3 600* 

2 800 

129 5 

256 000 

12 

1 7/3" diam, rd 

Mountain Don (old) 

3 850 

8900 

5 

3 500 

1 000 

100 

timber 

10 

1 1/4" diam, rd 

Mountain view 

4000 

II 000 

5 

2 600 

2200 

80 

183 000 

71/2 

7" X l/2"t flat 

Never Sweat 

3 200 

5 700 

31/2 

2 800 

2600 

100 

315000 

10 

1 1/4" diam, rd 

Original 

3900 

7 800 

4 

3 800 

2 600 

112 

318000 

10 

1 1/2" diam, rd 

Orplian Oirl 

3 050 

no .sku?H 


1000 

1 500 

70 

79 000 

7 

1" diam, rd 

Bennsylvama 

3 500 

8 500 

5 

3 400 

2800 

100 

315000 1 

12 

1 1/2" diam, rd 

Pitti.mnnt 

1 250 

3 875 

5 

I 600 

2 600 

58 5 

41 500 

8 

6" X 1/2", flat 

St l^awreiice 

3 900 

7000 

7 

2 100 

1 000 

97 

117000 

10 

T' X 1/2", flat 

S{H‘culaU»f 

2 100 

II 000 

5 

2800 

2 200 

50 

42 200 

10 

1 1/2" diam, rd 

Stewart 

3 800 

8 500 

5 

3800 

2 800 

100 

292 000 

10 

1 1/2'' diam, rd 

'1 ramway 

3 850 

8 500 

5 

2800 

2 800 

100 

315000 

12 

1 I/2" diam, rd 

NYC's! Doluha | 

3 500) 

2 200) 

no skips 


2 200 

2 800 

50 

43000 

10 

4" X 3/s", flat 


* Hoii«tinK installation, designed for depth of 5 100 ft. 


Support of sheaves. With largo sheaves, projecting over back of frame, back cross 
girder must Ik* dropjK*<l to clear sheave, and sheave 
girders then rest on plate diaphragms, with angle 
btifToners extending up from cross girder. Fig 69 
shows details of this staiidaid design, for Ralph 
shaft, H. C. Frick Coke Co, by American Bridge Co. 

Other designs are in use, probably with no increase 
in wt of material, but at increased cost for shop 
work. Instead of l-lMnims, deep plate girders some- 
times Bupixirt sheave bearings, resting directly on 
the cross girders, but \%ith no 8i>ecial advantage. 

B hen slioaves must lx? in tandem, upjxT sheave 
girdeiH are earned at the back by auxiliary ix)sta 
in plane of hack brace (Fig 70) ; or, upper sheave is 
supiKirt-ed on an auxiliary tower on main frame. 

Fig 74 shows an A-frame, designed by Allen 
Clarcia, with tandem sheaves, the back brace being 
extended to Ixuiriugs of upper sheave, and the lower 
one carried on brackets on back brace. This frame 
18 built into the tipple, and lower half is concreted. 

As upiH'r half is braced by tipple frame, its width (5 ft) is much less than would otherwise 
be i>o88ible for stability. 

For A- or 2-poat frames, sheaves may be supported by plate-girder diaphragms, carried on cross 
girders on front posts and back brace. If diam of sheave permits, its bearings are bolted to front 
of diaphragms; if not, they are placed on top. In first case, diaphragms may be braced to the poets 
by front and back plates. Another cross girder connei'ts front posts above the sheaves, and the 
diaphragms are extended to it. In second case (Fig 71 and 72), the' front posts need not extend 
above sheave bearings, unless they are to carry brackets for crab rail for changing sheaves. Fig 71, 
72 refer to headframes No 7, 12, and 1 1, Table 31. Fig 73 shows a typical A-frame, Butte, Mont. 

I-'-37 
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Gttideft for 2-po8t frames are generally bolted to flfingea of I-beams, or other sections, 
running from shaft collar to top of frame; ^supported in hne by braces of I-beam, 



Fig 76. Guide Supports 


channels or angles, from horizontal struts of front bent; they are more rigid if carried 
back to an auxiliary girt across the frame between 2 side struts (Fig 75). In 4- and 6-post 
frames, wooden guides are not commonly backed by steel sections, but supixirted at each 



Fig 77 Details of Fastening Guides to Steel Supports 


panel point by I-beams or channels, Ixjtween the bents; and, if support is needed at inter- 
mediate points, by angle braces from corner posts (Fig 76). Fig 77 shows details of fasten- 
ing the guides to steel supports. 



Fig 78. Base of Headframe Poet 


Bases of posts must transmit load to the foundation within the allowable safe unit stress for the 
type of foundation. This, for best Portland-oement concrete, is 500 lb per sq in; for sandstone or 
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bmestone masonry* 400 lb per sq in There should be at least 2 anchor bolts at foot of each post 
Fig 78 shows details of base for a column of two 10-in latticed channels, for a back brace, and Fig 70 
an anchorage for front post and back brace Sometimes a OI footing is placed between base and 
foundation, but without advantage for steel frames 

Safety factor must be larger than for oidinary structures, because of varying load and 
indetei minate stresses (Art 23) Ketohum (53) recommends a factor of 4 for dead and 
wind load, and 8 for live load (live load being taken as twice the wt of cage and con- 
tents, plus wt of rope, plus load due to cage and rope friction) , or, a factor of 2 66, if 
bieaking strength of rope or ropes be used instead of live load If unit stresses for wind, 



Foot ot Post Foot of Back Brace 


Fig 79 Anchorage for Headframe 

dead and live loads, are added the total unit stress should not exceed the allowable unit 
stress for dead load by more than 25%, that is, the combined safety factor should not be 
less than 3 2 If the basis of breaking strength of the rope be used, wind-load stresses 
may be neglected, except as regards overturmng of the frame. 



VLflT SEC EtEVATlON RtlNFORCflinnrr 


Fig 80 Concrete Headframe, Curry Shaft, Penn Iron Mining Co, Vulcan, Mich fF <fc M Jour) 

A rationid method is to design for an ultimate strength equivalent to twice breaking strength ol 
rope Then, by assuming the live load as half the rope’s breaking strength, with a safety factor ol 
4 for all stresses, the live, dead, and wind loads may be combined This is convenient in seleotini 
proper sue of member from structural steel handbooks, the tables of which are usually calculated 
with u safety factor of 4 
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Allowable unit stresses, with a safety factor of 4 (live load being converted to equiv 
dead load) are: for tension, 16 000, and for compression, 16 000 — 70 (i 4- r), both in lb 
per sq in; where I » length of member, in, and r « least radius of gyration, in. length 
of compression members should not exceed 100 r for mam members, nor 140 r for secondary 


members. Following values recommended: 

Rivets and pins, bearing 22 000 lb per sq in 

Rivets and pins, shear 11 000 “ “ “ “ 

Pins, bending, on extreme fiber 24 000 “ “ “ “ 

Plate girder webs, shear on net section 10 000 “ “ “ “ 


In designing the Ralph headframe (Fig 69), the American Bridge Co used following unit stresses 
for transferring breaking load of the ropes from sheave supports to headframe posts: tension and 
compression, 25 000; rivets, single shear, 15 000; rivets, bearing, 35 000; all in lb per sq in. 

Examples and costs of steel headframes are given in Table 31. Costs apply to the 
year erected. A firm specializing in design and construction of steel mine structures 
recently quoted: Per net ton fabricated steel, $100; erection, including tools and insurance. 



$45; shop drawings, $30; painting (materials and lalx)r), $10; engineering, $15; total, 
$200 per ton. 

Concrete headframes, with members reinforced by steel bars or wire rope, have had 
some application in recent years (52). In general they confonn to the lines of steel and 
wooden frames, except that diagonal bracing is usually omitUxl, the dead w’t and massive 
structure providing for stability. Materials for the concrete should be of the best; u.se 
of mill tailings for aggregate is not permissible unless tests detennino their fitness. Old 
hoisting rope is suitable for reinforcing, if thoroughly cleaned of rust and lubricant. 
Standard reinforcing bars, however, lend themselves to the different forms and their 
properties are fully known. Design, as in steel and wood, depends on local conditions. 
After computation of stresses in usual way, taking into account that dead load usually 
exceeds rope load, the members are designed as for reinforced concrete structures. Adva.n- 
TAGBS are permanence, non-combustibility and resistance to atmospheric conditions or 
corrosive gases from the shaft. Absence of diagonal bracing (Fig 80) leaves more room 
for portals, and permits most desirable arrangement of bins and tracks. Rigidity and mass 

^ Al_ _ _x X X _.:i x: t J • » r ^ 1 1 
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ropo stresses. Comparing unfabricated steel and the raw materials for concrete, the latter 
can be erected more quickly, especially if fast-setting cement is used. Disadvantages. 
As concrete is not a homogeneous material, design can not be made with the same definite- 
ness and as small a factor of safety as for steel; also, alterations are less easily made than in 



Made entirely from used 6"churn drill casing and second hand 4"pli>o. 

All Joints welded. Total length of 6"ca8lng«325 ft. Total length of 
4^' pipe *175 ft. Approx wt =»G ton 

Fig 83. Steel-pipe Headframe (37), Metals Reduction Co, Pioche, Nev 

a steel frame, which can readily be strengthened to carry a heavier load than as originally 
designed. 

Unusual headframes. Fig 81 shows an unusual installation (37) at the Lansford 
Colliery, Lehigh Navigation Coal Co, where two frames at right angles to each other serve 
a common shaft; Fig 82, a headframe without bark legs, and I'ig 83 an ingemous head- 
frame for 2-ton loads, built of scrap pipe, at cost of $150. 


26. CAGE GXHDES AND SKIP TRACKS 

Wooden guides for vertical shafts are common in American mines, where output is not 
large nor hoisting speeds excessive. Long-leaf yellow pine is the liest wood, because of 
strength, hardness, and straight gram. Oregon pine is also good. 
Oak may siilinter, warp, and twist out of Imo m seasijning. Red or 
Norway pine is best of the soft woods. Size of guide depends 
on wt of cage and hoisting speed. For small cages and slow speed, 
4 by 4 in is sufficient, 6 by 8 in being about the max for hoa\T 
hoisting. Guides must be dressed to uniform size, thus reducing 
actual dimensions about 0.25 in from the rough. Length should 
be such that splices come at the shaft sets; though if the splice l^e 
long, this is not so essential, provided shaft seta are not more than 
say 4 ft apart. Clearance between guide and cage shoe depimds 
upon care with which shaft sets and guides are aimed. Greater clear- 
ance is needed on face than edges, as gage of guides is difficult to 
maintain if timbers bend in heavy ground; 0.25 in clearance on edges 
and 0.6 in on face is usually sufficient. Fastening to shaft sets is 


Fig 84. Fastening of 
Wood Quides 






Fig 85. Slotted Guides 





Examples of wooden guides. At No 2 shaft, Hancock Consol Mining Co, Mich, guide face is 
slotted with lag screw heads countersunk in slot (Fig 85) ; if a screw becomes loose it will work down 
this slot, instead of sticking between guide and show. These guides are backed by studdles between 
the dividers. Fig 87 shows fastening for guides at Tobin & Dunn mines, Mich. Lag screws are 
6/8 in. The 3 by 3-in angle is placed every 10 to 15 ft, bolted to guide by 0.5 by 6-in bolts, and to 
divider by 0 5-in lag screws Fig 86 show's method at Indiana mine, Mich. Guides are 5 by 6 in, 
in 32-ft lengths, with butt joints; brackets, S/jg by 5 in. On the Rand, So Africa, the standard 
wooden guide is 4 by 8 in (1). 

Guide joints. Fig 80 shows joints used on the Rand and elsewhere, for 4 by 8, 5 by 6, 4 by 6. 
and 4 by 5-in guides At Butte, Mont, guides are usually 4 by 9 and 5 by 9 in, fastened by two 7/8 
by 8 or V/g by 9-in lag screw's at each shaft set. 

Steel guides are rapidly coming into use for heavy hoisting, especially in concrete- 
lined shafts. They wear better than w'ood, have better alinement, and are non-combus- 
tible, .safety catches, if of correct design, work satisfactorily. As steel guide dimensions are 
not changed by moisture, clearance between cage shoe and guide may be smaller. 



Fig SS Bracket Support for Stool Rail Guides, 
Hiitui (\nuglu\n) 


Different forms of rolled sections are used, 
but standard T-rail is common. Rails are 
bolted to bunions and connected by standard 
splice bars, since only the rail head serves as a 
guide Wt of rail, 60-100 lb per yd. In a 
conoret-ed shaft, Roeedale mine, Cambria Steel 
Co, Pa, 100-lb T-rail guides are carried by 8-in 
channels (57). Fig 88 shows bracket support 
for SO-lb rail guides, in No 4 shaft (cyhndncal), 
of City Deep nune, Rand (1). 

Wire-rope guides, preferably of locked-coil 
type, are often used in Europe for shafts of 
circular section. At Dalton collieries, Rother- 
ham. England, the shaft is 21 ft diam and 
2 238 ft deep. Cages are 3-decked, 18 ft high, 
and carry 7 tons of coal. At each corner of the 




Fig 89. Joints for Wooden Guides 


rage is a lockcd-coil rope guide, under 14 tons tension; and between the cages, to prevent collision 
at passing point, hang 2 rubbing guide ropes under similar tension. 

Skip tracks for inclined shafts, if at a pitch not exceeding 30®, are built like surface 
tracks, except for measures to prevent downward creep of the rails. Notching rail flanges 
for spikes at 2 or 3 places in a rail length is generally sufficient. If shaft timbering includes 
sills, rails rest on these with 1 or 2 intermediate ties, and are lined up with wedges. In 
absence of timbering, every third or fourth tie must be “hitched” into side walls of the 
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shaft. Rails not lighter than 804b should be used, even for light skips and slow speeds; 
46 and 504b rails for heavier work. Concrete stringers for skip tracks are replacing 
sills and ties, for heavy service and when the life of the mine warrants added cost. 

Fig 90 shows stringers and mode of fastening rails at Mohawk and Wolverine mines. Upper 
ends of the diagonal bolts are not exposed to injury by derailment of skip. Bolt holes are made by 
inserting rods 1/8 in larger than the bolt, and withdrawing them when concrete is partly set. Fig 90 
also shows the form for molding upper part of stringer, with blocks attached for forming the recesses 



Fig 90. Skip-track Concrete Stringer and Form {E <& M Jour) 

for nuts and washers. 2 by 4-in creosoted blocks are set in the concrete, 1 m deep and 18 in apart, 
to cushion the rail. Concrete of 1 : 2 : 5 is mixed on the level above, and poured down troughs to 
desired point. In 24 hr 6 or 8 men can build 100 ft of double-track stringer. On steep slopes 
it is difficult to hold the rail. At Copper Range shafts, pitching 70°, the method shown in Fig 91 
tnd 91a was devised. The rail rests on a 6 by 10-in longitudinal stringer, set in the concrete base. 



Fig 91. Copper Range Skip Track (Longit Sec) 


Three notches on each side of rail receive the spikes, and C-I chairs B (Fig 91 a) prevent spreading 
of rails. The wooden stringers are bolted to the concrete at 8 ft-intervals. Access to nut end of 
bolts 18 through 3 by 4-in iron boxes, set in the concrete. Bolt heads are countersunk in the stringer 
and covered by the rail, so that they can not be broken off. The concrete is anchored to footwall 



every 25 ft, by eyebolts set in holes in foot wall (Fig 91). In building the forms 2 by 6-in crosspiecce 
C are set to grade, on which the wooden stringers are laid. Concrete mixture is I : 2 : G. For 
further illustrations, see Bib 37, Chap 21. 


27. HOISTING SIGNAL SYSTEMS 

Signals in use and recommended for metal mines (58) are shown in Table 33; signals 
in use and recommended for coal mines (69), Table 34. Modihcations to provide for 
hoisting or lowering from and to different levels are generally made by the local manage- 
ment or by telephonic communication with hoistman. 

Bell wire and gong operated by hand is cheap and positive for a few levels, or depths 
not exceeding 400 or 500 ft. Beyond this the springs or weights to counterbalance wt of 
bell wire require a heavy pull ; and the man giving the signal is not sure it has been properly 
received or understood by the engineer. Light galvanised guy strand, 0.156 to 0.25 in 
diam makes the beet bell wire, though it is quite stiff, and changes of direction should be 
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made by bell cranks, not by sheaves. Wooden cleats are better than iron staples to hold 
the bell wire to shaft timbers. Fig 92 shows usual arrangement. 

Table 33. The More Important Signals (No of Bells) Prescribed by Law or in Common 
Use in Metal-mining Districts (58) 



(a) State coilp {h) (’oninion iisp (c) Dickinson Co. (»/) GoRebic Co (e) Iron Co (recoin 
by comm of murs) (/) Keweenaw ('o. (g) Mar<iuette Co (leading company), (h) Ciow Wmg 

('<> (i) St Louis <^o (j) Salt company. (k) Large iron company. (/) Or relea.se shaft con- 
veyance (m) Where repeating .system not ased. (n) Or empty cage, (o) A.s during repair, 
(p) Joplin dist. (v) And move by verbal orders only. 


Table 34. Standard Signals for Hoisting and Lowering in Coal Mines (59) 


Signal from shaft to engineer; 

1 Hell — Hoist; or stop if hoist is in 

motion. 

2 Bells — I^wer. 

3 Bells — Mon to Ixt hoisted. If men 

can Ix) hoisted, the engineer sig- 
nals to eager with one bell, who 
then admits men to the rage, and 
gives signal to hoist, one bcU. 

4 Bells — Hoist slowly — danger. 

5 Bells -Accident in mine; send in 

stretcher. 


Signals from engineer to shaft: 

1 Bell-Men can get on cage. 

2 BelLs — Send up empty cage. 

Other signals as needed may be ar- 
ranged by mine officials wdth approval of 
mine inspector. They must be added to 
the list v>osted at landings and in engine 
room. 
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Pneunifttie signals are largely used in collieries in eastern and middle states. Ordinary 
pipe and fittings are used between stations. A stroke of the hand plunger in cylinder A 
(Fig 93) slightly compresses air in the pipe, causing all the gongs of the system to ring, and 
the whistles to blow. The pipe may also be used as a speaking tube. 





Fig 94. T>ow-voltago Elec- 
trical Signal Layouts 


This method is reliable, with practically no maintenance expense; not affected by water, and 
accidental signals can not be given as in some electrical 8>stem8 No indicator can be used, as in 
electrical systems, to supplement bell signal. Cost for each station outfit (Fig 93), not including 
piping between stations, is approx. 300 ft signaling distance, $10, HOO ft, $3o; 1 iyiX) ft, $4."), 2 000 
ft, $60. In Missouri lead district, a small whistle is often placed on the air line at top of shaft, and 
blown by a hand wire from the shaft stations; a bell in engine room is sounded from the shaft mouth. 


Electric signal systems are of general application, but for reliability require careful 
installation and maintenance. There are 3 classes: 



A. Low- voltage direct current, operated by wet, dry or 
storage batteries. Annunciator bells should be iron clad anil 
waterproof, and heavier and more durable than hoase bells 
Only the best rubber-covered double-braided \Mre should be 
used, and all wiring earned down the shaft in metal conduit 
Double-conductor twisted wire is good Small singlo-throw 
knife switches are better than push-buttons, or specially de- 
signed contacts, protected from dirt and water, may be used. 



All the bells should be on one circuit (Fig 94, B). so that the signal sounds at sU stations and in th 
engine room. If only the sending station and engine room bells nng (Fig 94, A), confusion m a v b 
caused by two stations attempting to signal simultaneously. Engine room and station bells arc i, 
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series, so that the signal may be repeated from engine room. If necessary to signal from the cage at 
any point in the shaft, wires a and b (Fig 94, B) may be bare and earned on insulators on shaft 
timbers, the signal being made by making contact with a piece of iron or by pressing the wirea 
together. In wet shafts this plan gives trouble, and the battenee are rapidly exhausted. 

B. Bell-ringing magnetos are excellent, as they do not become exhausted like battenes; though 
the cost of installation is much higher. Loud-nngmg weatherproof bells should be used. Equip- 
ment for one installation, consisting of one station outfit of 1 magneto and 1 bell with two 6-in 
gongs, with a similar engine room outfit so that engineer can return signal, 1 extra bell at shaft 
mouth, and 200 ft of double-braid rubber-covered No 10 conductor wire, cost $35 Besides this, 
150 ft of 0.75-in pipe was used for conduit, the shaft being very wet; also a few insulators on 
the surface. Labor cost of installation, about $17 (1912). The 3 gongs and 2 magnetos were 
connected in series. 

C. Power or lighting circuits (direct current) not exceeding 220 volts, where fairly constant 
power IS assured, may be utilized for arranging signal systems, both bells and visual signals being 
used. Alternating current, of 220 volts, is dangerously high, and should be stepped down to 
55 volts. 

Fig 05 shows a layout at Hosiclare, 111. All wiring is double braid, rubber covered, and carried 
down shaft in metal conduit. For signaling, .S’l is dosed, ringing engine room bell and lighting 
lamps A. Signal is ‘returned by pulling E, thus closing switch *S' 2 , which lights lamps C until 
switch is opened. One lamp is at the engineer’s stand. F and Fi are 5-ampere fuses. To test or 
adjust the bells, Fi is removed and placed at Fj, and switch S is closed. This rings the bell and 
lights lamps A, but not C. Lamps are 50-watt, on 220-volt direct current. Bells are weather- 
proof ironclad, having a resistance of 30 ohms and consuming 0.3 ampere. 



At the Penn and Republic iron mines, Mich, llO-volt alternating current is used (90), stepped 
down to 30 volts (Fig 9(>). It is grounded on one side, the other leading to a relay for each bell in 
engine house, and skip, cage and one side of a grade bell, in shaft house The other side of 
each relay and the grade bell are connected to one of 3 No 4 bare copper wires, supported on insula- 
tors in the shaft. By grounding any one of these wires a current wdl flow through the grade bell 
or the relays in engine room. The relay then rings the IG-in gong, through the llO-volt cir- 
cuit. A heavy single blow is struck by the a-c solenoid, an indicator registers number of bells, 
and a lamp is lighted. The signal wires may be grounded from the cage at any point in shaft. 

D. Combined magneto and power ciremtvs are sometimes used where both bell and lights are 
desired. At No 1 shaft, Lykens, Pa (Susquehanna Coal Co), is a magneto circuit for bells and 
power circuit, to indicate by lights the position of cage chairs at sh ift stations. Fig 97 shows wiring 
for 4 intermeiliatc levels and bottom ot this shaft. Five-bar, open-circuit magnetos and G-in bells 
are used throughout. Blach station has a magneto, two 2 500-ohm extension bells and a phone. 
(')ne bell is for return signal from engine room; the other is connected across the magneto, so that 
the man giving signal can hear if A signal from a station rings the bell there, st top of shaft and 
in engine house, and records the ring on an n-o operated annunciator. Then topman signals, ringing 
bell at top and in engine house, the signal being recorded on annunciator. The station bells have 
different tone from that nt top. Telephones connect to a common line between engine room and 
stations. If necessary, shaft phones may be connected to outside lines. Annunciator has a battery 
reset (not shown), wired to a brush contact on the dial indicator and is automatically cleared after 
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each hoist. The system is so arranged that the engineer has full control of signals from stations by 
operating a series of switches, which are all kept open except the one at station from which hoisting 
is being done. Each station has landing chairs; attached to each is a switch in a C-I box, wired 
to light a green lamp on indicator in engine room, if both chairs are free of the shaft, and a red lamp 
if one or both chairs are thrown in. This facilitates handling the cage when stopping or starting. 
In the indicator, 1.25-in holes are drilled at points corresponding to the levels and covered by frosted 
glass. Back of these holes are 1 red and 1 green bulb, to indicate position of chairs at landings. 


,i i,r 


To contact polnls on reela 
of hoiatin^; engine 


I 0*Motor generator set I 
X. induction motor H hp 1 
I 110 rolta 60 cycles, 

^ A One-phaae D.C.gener- 
^ \ ator shunt wound I K.W / E 
dg \l2 6 volta 8 amp 1726 rprt 'pc 
5 \ Relays J.H.Bunneil/ t 

& Co. 150 ohms 
cf* Edison L- 20 battery 
Note:>From Edison L-20 battery 
wires connect to terminal block In 
signal box 

Engine room wiring chart 
for hoist signal system 



down mine abaft this side not shown 

Side Elevation Front Elevation 

Cage With signal system attached 



Battery Box No. 8 Sheet Iron 

Details of Edison L*20 battery 

Fig 98. Cage-pull, Shaft-conductor Signal System, Park Utah Cons Minw Co, 

Keetley, Utah (60, 37) 

Desirable features of a hoisting signalling system; 1. In the hoistroom vianal or Round 
devices should indicate: (a) cage or skip position; (6) landing chair position; (c) station 
where signal originates; (d) also provision for hoistman to repeat signals to sender, or signal 
all levels. 2. Each signalling station should have (a) devices for signalling hoistman, and 
visual or sound devices to indicate whether (b) cage or skip is in motion, (c) hoistman is 
being signalled, or (d) hoistman is signalling. 3. A communi(^ation system between all 
signalling stations and engine room on an independent circuit, to be used in case of failure 
of signalling system, and for general communication. 4. A signalling and/or communicat- 
ing system between man-cage and hoistman, to operate while in motion or at rest, is desir- 
able for shaft repair work and when hoisting men. 

Special signalling systems (60). Fig 98 shows detail of signalling between cage and hoistman. 
At Park Utah Consol Mines, source of power for signals is a battery on the cage. ISssentials: 
(1) a sensitive telegraph relay in engine-room, connected to the hoisting rope and a bare copper 
wire in the shaft; (2) an Edison battery on the cage, one terminal being permanently connected to 
the hoisting rope; (3) a contact-maker, operated by pulling a chain which completes contact between 
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the battery on cage and bare copper wire in the shaft. With this device a man on cage has full 
control of its operation, a desirable feature when hoisting men or doing shaft work. 

The signalling system (61) of (Jglebay Norton Co, Gogebic range mines (Fig 99), provides for 
giving signals from cage whether at rest or in motion, and makes conversation possible between 
cage tender and hoistman at all times. These features are particularly desirable for shaft work. 
An interesting feature is a safety switch connected with the rope in cage bonnet and normally open. 
Slack on the cable, due to cage sticking when lowering, closes the switch and signals hoistman to 
stop. Cost of equipment, 1931, was $250. 

Ross shaft, Homestake, S D, signalling system (62), designed for a deep shaft (5 200 ft) 
and in operation since 1934, has distinct modes of wiring for each of two skip compts. 



When hoisting men, skips are removed and rages substituted Fig 100 is the diagram for one com- 
partment, shovNing only \ of the numerous stations The annunciator is part of the skip or cage 
position-imheator. Keoeptacles ft>r hohhng indicating lamps are placed radially outside the 
station numbers or names, and correspond to respective switches. The shaft part operates with a 
ground return; ropes and eombnts have a return circuit wire, so that if the ground return causes tor 
much induction tlie entire circuit may be made metallic and carried in the same sheath. The returr 
wire IS indicated by the broken line Opervtion When the pull switch is operated, a circuit is 
closed in the ground tlirough one winding of a relay, then through one of two wire^ to the bell and 
lamp, and linally through the secondary of the transformer to the ground. The first impulse 
caused by closing a switch, closes a connected relay wlucli lodes itself in position through a contact 
ami second coil, and bahts the indicator lamp tlirough a second contact on the relay. The engmeei 
may extinguish this lamp bv a device attached to the hoist control -lever, operating a relay that ii 
turn o]>ens the relay holding circuit, and rdav contacts. The bell sides of the relay coils, in seriei 
with the pull switches, are connected alteinately to one of two vnres connected as a single wire t< 
the bell. Signal rotes. Fig lot) show's two pull roiies nttacbed to each switch. One rope ii 
sliort , the other long enough to reach the next switch The long rope is a small, galvanised-stee 
cable, with a chain insert at the switch and chain at lower end It is used for station and shaft 
inspection work only, and is attached to the switch, so that it docs not move when the short roi^ i 
pulled. The ropes may bo reaehod by th" cageinan when cage is at the station. They are of Ugh 
nmmla and attached to the switches with liarness snaps. Pi ll sw'itches are housed in cast-iroi 
boxes, and ruggedly built. The insulating parts, of b.akebte, provide long creeping distani^, 8( 
that moisture within reason does not cause appreciable leakage. Switch mechanisms, held in th 
boxes with only one bolt, can easily be replaced. Call horns for signalling oeigemen, opieratei 
at any station by a convenient pull switch are placed m the shaft at lOO-ft intervals down to th 
1 100-ft level; below that, nt the level .stations, 1,50 apart. They are placed under timbers, fo 
protection from falling rooks. The horn boxes have small heaters to keep the air in them slightl 
warmer than the surrounding air, becaiLse high humidity damages the coil. Each heater consume 
6 w'atts. Fig 101 shows connections for the horns At present, power is received at the top enc 
but, when the shaft reaches its ultimate depth of 5 200 ft, it may be necessary to supply power t 
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the system at its midpoint, to prevent excessive voltage drop. Wiring is rubber-covered, in a 
galvanized-eteel conduit. A fourth wire (dotted in the diagram) was installed as a precaution, 
so that if the number of horns became too great for one circuit they could be sounded on several 



circuits by relays operated by this fourth wire. Probably this wire will not be required for the 
shaft depth contemplated. The third wire is a ground connection, so that men will not receive 
shook when handling the cover and attached mechanism while changing units, if a wire is grounded 
to a live part. 
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28 . BUCKETS AND CROSSHEADS 

Ore buckeU, unless made at the mine, are of stwl (see also Art 18, 19). Fig 102a shows 
a bucket mode from threo-tiviarters of an od barrel; onpao, 4.5 cu ft. Band B is 0.25 by 
2.6 ill, riveted to bottom and sides, and forgetl into bail pins C. Rings A and lugs D pre- 
vejtt accidental overturning. This bucket is too large for a windlass; it requires a hors© 
whim, or power hoist. Fig 102, 6 to e . shows light steel windlass buckete, as made by mining 
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supply houses (Table 35). Stock sizes of large buckets for heavy work, with capacities of 
1 ton or more, are listed by makers. Large mines often have buckets for sinking and winz- 
ing made to order. Bail may be attached to ears at top, or to trunnions a little below 
center of gravity. The bottom is best dished, with a ring at center for attaching the 
dumping hook. Self -dumping buckets are more convenient to dump and clean themselves 
better, but with some danger of accidental dumping while being hoisted. Buckets with 
straight or flaring sides (Fig 1026) are more liable to catch on shaft timbers. 



a. Oil'barrel Bucket (E M 



f. Sinking Bucket 

Fig 102. 



h. Windlass Buckets 



c. Bucket 
Listed In 
Tftble 36 



tU Buokei 
listed la 
Table 37 



No 10 IwH 
I B\ 6 n J 
t^^SUffeelB J 

1 8ir»p lo«td»-^ 

43^^*laaid# Str»|L 

Section ahowing 
woCKlen Bottom 
c. Jophi) Bucket (“Can”) 
Hoisting Buckets 


Table 35. Windlass Buckets 


Height, 

in 

Diam, in 

Gage 
of eteel 

C'apacity j 

w/'i 

Coet per lb 

Top 

Bottom 

Cu ft 

Lb 

16 

16 

M 

No 16 

1 3/4 

200 

28 

1 

1 8 to 20t‘ for 

15 

19 

14 

)6 

2 

250 

28 1 

1 

1 

“ smaller sizes, 

23 

22 

17 

M I 

3 

375 

55 1 

J 

14 to 16(1 for larger 


Table 36. Sizes and Capacities of 
Buckets (Fig 102c) 


Diam, in 

Height, 

in 

Wt, 

lb 


Top 

Cen- 

ter 

Bot- 

tom 

18 

24 

16 

30 


5 

mxm 

22 

18 

30 


5 5 


24 

18 


280 

6 

21 

26 


33 

300 

7.5 

24 

30 

22 

30 

340 

8.5 

25 

26 

24 

36 

350 

10 

28 

30 

26 

36 

400 

12.5 


Table 37. Sizes and Capacities of 
Buckets (Fig 102d) 


Diam 

bot- 

tom, 

in 

Diam 

top, 

m 

Depth, 

in 


Cupae 
ity, 
cu ft 

18 

24 

26 

260 

5 


26 

28 

300 

7 

22 

28 

32 

350 

9 

24 

30 

36 


12 

28 

34 

36 


16 
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Examples. At Joplin, Mo, buckets (locally, “cans”) are used commonly for both regular hoisting 
and development work. Largest size is 34 by 34 in, caUed a “ 1 600-lb can,” but usuaUy loaded with 
about 1 200 lb. Other sizes: 30 by 30, 30 by 28, and 28 by 30 in, diam being the first dimension. 
Smaller sizes: 26 by 28 and 24 by 28 in. Fig 102c shows typical Joplin bucket: ears are welded 



Fig 103 Ore Bucket on Truck Hartley Mine, Injterstate Zinc & Lead Co, Baxter Springs, Kan, 


to side straps, which generally hook under bottom flange (72) Fig 102/ shows a heavy shaft-einking 
bucket. At iron mines of Miue\ille, N Y, a heavy 1-ton bucket was used for sinking. It had flaring 




sides, with bail pivoted on side trunnion.-! Fig 103 shows ore bucket and truck as used in many lead 
and zinc mines in the U S (63, 37) for both hoisting and haulage. 
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Bucket hooks should be designed to prevent accidental unhooking, due to slack rope, 
spinning, or striking shaft timbers. They are best made of Norway iron. 

Ordinary snap hook (Fig 104a) is safe, but, with a spring strong enough to be safe, it is diffi- 
cult to unhook. Serpentine hook b is safe and convenient for rope up to 0.5 in diam, but difficult 



Fig 105. Bucket Dump 



to unfasten if rope is heavy and stiff. Chain hook c, in which only one part of the last link will 
pass through the hook opening, is safe, but inconvenient. Sister hooks are both safe and conve- 
nient (Fig 104d, e). Any liability to accidental unhooking is prevented by a ring around both hook 



shanks, which must be raised before hooks will separate Fig 104d shows use of 2 pairs of sister hooks 
and chains, instead of a bail, for a sinking bucket at Hancock No 2 shaft, Mich. Two forms used 




in Canadian mines are shown in Fig ICHs. Fig 104/ shows a simple safety hook. Gap C, large 
enough to pass the bucket bail, is closed by thimble D, made of heavy pipe, or a piece of-shafting 
bored out. Combined hook and swivel, used at the Rnnd Collieries, Ltd, «o Africa, is shown in 
Fig 104g. Dimensions given are for a 2-ton bucket. Locking nut a has a large-pitch thread, so 
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that 3 or 4 turns by hand will allow bucket bail to pass. Threaded portion of shank of hook must 
be upset, so that the nut will pass over its end. All types of hoo^ should be swiveled to rope 
socket; this decreases spinning of the bucket, and facilitates detaching the hook. 

Devices for dumping buckets at shaft mouth should be simple and positive. Safety from rock 
falling down the shaft is first consideration; then, speed of handling with minimum labor. When 
BAJL IS ATTACHED AT RIM, bucket 18 commonly dumped by hooking into the bottom ring the lower 
end of a chain which is fastened at a point near top of headframe, and over the chute or bin. Then, 
by lowering, the bucket is swung to one side and dumped (Fig 105), With self-dumping bucebt, 



after hoisting to position C (Fig IOC), the chain is hooked into bail ring, then, Viy lowering, bucket is 
swung to position /i, for dumping and the latches are released. Automatic dlmp, for inclines with 
skids (Fig 107), 18 used at several Ontario mines. Hail is fastened to rim of bucket, and lugs I are 
below center of gravity. Lugs slide on skids until they drop into notches a above chute, when, 
by lowering, bucket is dumped. Bucket is then raised until lugs are above pivoted curved arms 5, 
and on lowering again these arms cover the notches and allow bucket to slide down shaft. After 
bucket has passed the arms, they swing back by gravity to their original position. At the notch, 
skids should be edged with 0.5 by 2-in iron; curved arms are of &/8 by 3-m iron, pivoted at c on a 
1-in bolt. At dumping point, skids should have a slope not exceeding 72*^. C'rossheadh, to pre- 
vent bucket from swinging, are required by law in some states and countries. As there is danger of 
serious accident if crosshead sticks in its guides, and then falls after bucket has been lowered some 
distance, the croeshead should be held positively to the roiie socket, until it reaches the stops at lower 
end of guides. To prevent jamming m the guides, the height of crosshead should exceed distance 
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between guides. Examples. Fig 109 shows crosshead for bucket shaft sinking at Macassa Mines, 
Kirkland Lake, Ont (66). Similar crossheads of this general type made of aluminum have also 
been used in Ontario (67, 37). Bryant crosshbjad (73) has safety gear to prevent crosshead and 
bucket from falling if rope breaks, and to hold the crosshead if it should stick in the guides. It 
has a bonnet. Croesheads with safety catches are justihed m large or deep shafts; they are usually 
entirely of steel. Fig 110 shows a design recommended by U S Bur of Mines (74); a is safety-dog 
spring; d, 1/2 m less than distance between guides, s, not less than distance between guides; j, rope 
button. Frame and connecting angles, all 3- by 3- by In the Berry safety crosshead 

(Fig 110a), designed in the Transvaal, springs, instead of gravity, keep the bucket attached to cross- 
head until guide stops are reached. In descending, levers a strike stops fe; and, through rod c, the 
latches h are thrown outward against springs e, thus disengaging rope socket and allowing bucket to 
descend. When crossbead is raised from the stops, springs e again cause latches h to engage the rope 
socket. In the headframe is a device to hold crosshead and release the bucket for dumping. 



29. CAGES 


General features. Since the cage is a dead lomi, its weight should be as small in 
proportion to the useful load as is consistent with safety. Platform frame is of flat bars, 
or structural shapes (channels or hea\T angles for side members and I-beams or channels 
for crosspieces). For light met\I/-mine cages (Fig 111) center suspension member A, 
carrying guide shoes (t, may be a flat, welded to forging B, for the jackshaft (5) bearings. 
To H IS bolted or riveted the triangular forging with a socket for draw-bar D. Inclined 
inemlx'rs E, fiom li to the cage deck, are of light angles, or flat or round bars. If members 
are narrow bars, l^^lted joints are best; if wide (structural shapes), ri^'ets are used, with at 
least 2 rivets for each joint. For heavy colliery cages (Fig 112) the center suspension 
ineml>er on each side is a single channel, or a pair of angles, riveted to a plate carrying 
jackshaft bearings and pins for bridle chains. In this case, upper cross member is made 
of structural shapes. 

Multiple-deck cages arc used more in Kurope than in America, although they are 
employed to some extent in Western V S for increasing hoisting capacity of shafts of 
Hinall cross-sec, or wdieie skips are not feasible. In Hutte, Mont, and in S W Ariz, there 
are cages of 2 to 4 decks. Their disai>vanta(je is the loss of time in handling cars, as 
each deck must be shifted to the landing to receive or discharge its load. To save time 
there may be multiple landings, so that only 1 shift of cage is required for 4 decks; but this 
adds largely to expense of installation, and complicates car handling arrangements. 
Multiple-deck cages are sometimes used for handling men, when ore is hoisted in skips. 
These are usually in separate compartments, or the skip is removed and cage substituted 
at beginning and end of each shift. 
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Self-dumiMiig cages (Fig 113, 114) are 
often used in bituminoue and sometimes in 
anthracite coal districts; rarely elsewhere. 

Cage consists of 2 frames (Fig 113). The outer 
runs in the shaft guides; pivoted to this at bottom is 
an inner frame and platform, on which car is held 
fast by a locking device. At dumping point, inner 
frame is swung outward, by roller a engaging in curved 
gmdes, thus supporting car at a dumping angle. 
Meantime, the outer frame runs up on main guides. 
Catch b, to prevent accidental tipping of inner 
frame before dumping point is reached, is not com- 
mon. Sometimes, pivot c is at one side of center line 
of cage, while center of gravity of car is on opposite 
Ride. Wheel a may run in an auxiliary guide, passing 
out of the guide through a gap at dumping point. 

Where utmost capac is necessary, cage is wide 
enough to take 2 cars side by side; as at Cloverdale 
mine, Pittsburgh Terminal R R and Coal Co, where 
each cage carries 2 2 5-ton cars, 4 000 tons being 
hoisted in 8 hr, total lift, 405 ft (75). In some self- 
dumping cages the platform and car only are tilted, 
by rollers mounted near front end of platform and 
running in dumping guides. When closed-end (no 
door) cars are used, an overturning cage may be 
employed, cage platform and car are rotated endwise 
through 135® (78) by a pair of rollers at top, as in most 
dumping cages. In this case, special airangements 
are necessary, due to greater movement of platform 
and car. Advantages of self-dumping cages* i/O 
reduced labor cost and attendance at top landing, 
and increased capac, (5) less wear on car than with 
most stationary dumps. Disadv^antages (a) in- 
creased cost and wt, though, when hoisting in bal- 
ance, extra wt is objectionable only in adding to total 
lope load, which also must he acc.elerated each trip, 
(b) larger rope and stronger headframe are reqmred. 



Fig 113. Self-dumping Cage 


30. CAGE DETAILS 

Structural details. For light caj^s the platform frame may be one W-I bar, say 0.75 
by 4 lu or 0.5 by 6 in, bent to a rectangle, (’’roaspieces, 2 for a small cage, are of same 
size, their ends being bent at right angles and riveted to frame. Rails maj'^ be of bar iron 
not less than 1 in wide, or T rail. Ends of vertical side members should be bent under 
bottom frame (Fig 111). Opening F in side memixjr is for access to guide bolts. Shoes 
are of short bent plates; or 2 angles back to l^ack, or a channel, extending from platform 
to bonnet. Edge.s of shoe are rounded to prevent cutting the gmdes; rivets are coun- 
tersunk and their heads chipped flush. Width of shoe is 0.5 in greater than wddth of 
guide; length, 2 to 3 times the width. If rppER member of frame is a triangular forging 
(Fig 111), flats are welded to the lower angles, to give rivet or bolt space for attaching 
suspension meml)ers. If a straight horiz member is used, 2 channels back to back are 
structurally convenient. Drawbar is of best Norway iron; of square section, or some- 
times round with a spline, to prevent rope from twisting. Area at root of thread deter- 
mines its strength (Art 31) . When vertical side members are flat bars, they are widened 
at the head to rewive the cam shafts, as in Fig 111, or riveted to a piece of heavy plate; 
when of angles or a channel (Fig 112), these serve as shoes; but in any case liners or 
wearing pieces, of thin plate, should be provided. With the construction shown in Fig 112, 
cage is usually attached to rope by chains of such length that they take the weight of the 
cage when the drawbar opierating the safety catches is in its highest position. Auxiliary 
or safety chains (Fig 112) are required by law in some states. These are fastened to a 
clamp on rope above the socket (see Art 7), and should be just slack when load is on 
the chains. An incidental advantage of the chain connection is that, when slack rope 
has been paid out after cage has been landed, the rope is not bent sharply at socket. 
Largo cages are braced at corners with acesET plates, to keep cage square, and to rein- 
force connection of horizontal member to side gussets. For small cages, the bonnet 
is hinged at sides (Fig 111); for large cages the hinge is at center (Fig 114). By raising 
the bonnet, long timbers, rails, or pipe, can be stood on platform and lashed to hoisting 
rope. Bonnet is of No 10 or 12 steel for light work, up to ^/la in for heavy work. 


XiS-XUU nUl&TiJNii rjLAJNT, ttJlAl! T Jt'UUJUliTb AJND Utitj JbJlXMb 

Safety catches are required by law where men are hoisted or lowered. Standard 
form consists of 2 jackshafts (Fig 112) on which are keyed toothed cams or dogs. When 
rope breaks these are turned against guides by springs, and after they grip the guides, 
weight of cage tends to tighten them still more. When cage is supported by rope, cams 
are rotated away from the guides by chains, or link and arm connections, to the drawbar 
(Fig 111, 112). Ideal safety gear should bring cage to rest gently. If rope breaks when 
cage is ascending, this condition may be realized, as the cams have time to grip guides 
during the momentary pause before cage begins to fall. But, if cage is descending, the 
shock is great; and if moving rapidly it is doubtful whether any safety device could hold, 
because momentum of cage and load would either break the safety gear, or strip guides 
from the shaft timbers. Moreover, in a deep shaft, if rope should break near top, with 
cage near bottom, the springs could not quickly overcome inertia of the rope, and falling 



Fig 114. Drop-bottom, Self-dumping Car Cage, Lehigh Valley Coal Co, Wilkes-Barre, Pa (37) 

cage would attain too high a velocity for the cams to bo efTortiv'o. Also, if hoisting engine 
fails, the springs could not overcome the drag exerted on the rope by the drum. Fatal 
accidents from these causes have occurred. 

Details of safety gear. All parts are of steel or W I except the eams, which are of C I or cast 
steel. Cam curve is usually inv'olute of a ciicle, but la often modified Teeth should be .‘’harp 
and deep enough to bite well into guide, with an angle at the end of not lesa than 45® Width of 
cam 18 about 2 m for small, to 3.5 in for large, cages. Cham connection between drawbar and chain 
wheel on jackshaft (Fig 111) is simplest construction for light cages. In coal districts the cams 
are sometimes placed at sides of cage, 2 or 3 ft above platform, and connected with jackshafts by 
levers and long links (Fig 115, a). Heveral designs of flat spiral or helical sphinos, encircling the 
jackshafts or drawbar, are used. When on jackshaft, one end of spring is fast to a collar keyed on 
shaft, the other end to the side of cage; or, short levers keyed on each shaft are connected across 
by helical springs. For heavy cages, a powerful spring encircling the drawbar (Fig 1 12) is efTecti\e, 
and incidentally eases the shock when starting to hoist. An objection to operating both jack- 
shafts by one spring or set of springs is that, if one shaft sticks or the cam happens to act against an 
imusually hard or smooth place on the guide, the other shaft can not bring it into action. They are 
best operated by independent springs. 

Fig 115 shows designs of typical safety catches; o, sometimes used in Penn anthracite mines, 
has chisel-pointed levers thrown against guides by action of springs (said to be cflTic); b is for a 3- 
by 4-ft metal mine cage; c, for a cage about same size as 6; d, for a light coal mine cage. One tyi>e 
of catch consists of a pair of toothed wedges, working between edges of guide and angles on the side 
plates, which are set at an angle equal to that of the wedge. They are thrown in by spring-operated 
levers, as in other forms, and are automatically tightened by wt of cage. It is stated they are 
difficult to release, sometimes requiring cutting away of guide. For rtbkl auinns, the cams are 
either not toothed or have much smaller teeth; because, os the increment of the cam spiral is less, 
they grip the guide more strongly. 
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Safety gear should frequently be inspected and tested. Present tendency is to rely more on 
careful inspection of rope and to use rope of better quality. Many mines have discontinued safety 
catches on cages and skips which hoist ore only. Where men are not raised or lowered, the law does 
not require them. For description and tests of other safety devices, see Bib 37, 76, 113. 

Weight and cost of cages. Plain steel colliery cages, for a gross load of 6 000 lb, 
weigh 3 000 to 4 000 lb; for heavier loads, up to 6 000 lb. A combined wood and iron 
cage, in anthracite district, weighs 5 600 lb, has a dock 6 ft by 11 ft 6 in, carrying a 2 dOOdb 



car and 6 000 lb of coal. Cage at Sugar Notch No 9 colliery, Pa, weighs 5 000 lb, car 
2 500 lb, and ('ontonts 6 500 lb. Drop-liottom cage in Fig 114 weighs 2 680 lb, car 1 270 lb, 
contont-a 2 0(X) lb. Large colliery drop-lxittom cages weigh 6 000 to 8 000 lb. Single-deck 
cages, with 4 by 6-ft decks, for l-ton gross load, weigh 900 to 1 400 lb; for 3 000-lb load, 
1 400 to 1 800 lb; for heavier loads, up to 2 800 or 3 000 lb. Each additional deck adds 
50 to 60% to the weight. Self-iiuniping cages are 30 to 40% heavier than plain cages. 
Light cages of standard design cost 16 to 24^ per lb; heavy cages, 14 to 20^. If made 
from special designs requiring new patterns, cost is increased 20 to 25% (1935). 
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31. DESIGN OF CAGES 


Factor of safety should be 10, whence allowable unit stresses for iron and steel are: 
tension, 6 000 lb; and for compression, = 6 000 — 70 r) ; where I « length of 
member, and r least radius of gyration, both in inches. Rivets and pins; single shear, 
6 000 lb; double shear, 10 000 lb. Bolts, when used in place of rivets or turned pins, 
single shear, 3 500 lb, double shear, 7 000 lb. If size and gross weight of cai' and contents, 
and the dimensions of hoisting compartment, are known, design is a matter of mechanics 
and knowledge of the general type of main and auxiliary parts, as determined by practice. 
Clearance between ends of cage deck and shaft timbers is 2 to 4 in. Width is fixed by width 
of car, or by distance between guides, less thickness of shoes and side members, less 
clearance between shoes and guides (Art 30). 


Details. Lay out dimensions of cage deck, and place crosspieces equidistant. Small cages have 
4 crossbars, including the ends; long decks may have 5 to 7 crossbars. Maximum car- wheel load 
and its point of application on the deck rail are determined, and the rail and other deck members are 
then calculated as beams (Sec 43). It is to be noted that in dumping-cars the body is not placed 
symmetrically on its truck; one pair of wheels carries more than the other. Throughout the calcu- 
lations the dead load is multiplied by 2, to convert to live load (Art 14). If I " length of rail 
between crossbars, and W wheel load, the bending moment M «■ 0.25 Wl\ also, M ■» pS, where 
p "o unit stress « 6 000 lb. If T-rail or structural shape is used, S «■ 0.25 Wl -i- & 000, and proper 
size is selected from table (Sec 43). For a rectangular bar, M — phdfi -f- 6; in which b is width 
of bar and d its depth. Assume h and solve for d, in d2 =» (3 Wl) + (2 X 6 000 6). 

Maximum loading on deck crossbars is determined by relation between their distance apart 
and wheel base of car, remembering that front wheels may carry more load than the rear (see 
above). Find maximum bending moment, substitute it in M ■» p5, and select required section. 
Shear at end of crossbar «* P. One rivet may be sufficient, but at least 2 should be used, not less 
than 0.625-in diam. With light sections it is well to check bearing area of the rivets. Side members 
of deck are rectangular bars, or channels wth the flanges inward. They usually act as beams sup- 
ported at ends and center by the suspension members. Their cross-sections are found as for the 
other deck members. Inclined suspension members carry a load equal to p times secant of their 
angle from vertical. Minimum section should be 1 sq in, proper nvet bearing and shear being pro- 
vided. If an angle is used it is connected to deck with a gusset plate; if a bar, the end is earned 
down and bent under edge of deck, and also bolted or riveted. Vertical side members arc of 
flats, angles or channels; their connections are similar to those of the inclined members. Net head 
room on the deck should be not less than 7 ft. I.oad at each end of top cross member equals half 
the weight of car and contents plus half the weight of deck and suspension members. As in Fig 111, 
a triangular top frame may be made of a single forging (Ait 30). If a drawbar i.s used with a 
horizontal top member, latter is designed as a beam loaded at center, and ample nvet area and 
gussets are necessary. Bending moment at center ^ + 4, in which R is total pull on drawbar. 

When chains are used (Fig 112), horizontal member acts both as a strut and as a beam loaded at 
2 points. Chains are about 30° to vertical; hence, load on each is approx 0 5 ft X sec 30“. Since 
strength of a chain is 165% of strength of ro d fr om wluch it is made, area of the rod « (ft sec 30°) -- 
(12 000 X 1 65), and its diam d ■■ \/(h0(X)()742 ft. Pins for connecting chain to cage are in double 
shear. Drawbar is of best wrought iron, with lock nuts at lower end. It-s net section at root of 
threads « ft + 6 000. The pm to connect it to rope socket is m double shear, hemee, its area »» 
ft + 10 000. Net area of metal in drawbar head »= 1 5 times area at root of thread 

Safety catches. Two of the safety dogs or cam.s should he able to support cage if the others 
fail; hence, each is designed to carry half the load. Considering as cantilevers the extensions of 
jaci^hafts beyond the gusset plates through w'hirh they pass and by which they are supported, then, 
when safety gear comes into action, concentrated load at center of dog is 0 5 ft sec a; in which a i.s 
angle between the vertical and the line through center of jackshaft to point of contact of dog with 
guide. This angle may be assumed as 45°, whence ft*c a •» 1.41, and load is 0.705 ft. Therefore, 
bending moment in inch-lb is ■» 0.705 ft/, in which / is horizontal distance lietween center lines 
of dog and jackshaft bearing (usually from 2.5 to 3 in). Substituting in M «> pS, S •« O.TO.'i 
ft/ + p. For circular section, S =*= 0.008 in which d «* diam of shaft; lienee rP *» 0.0012 ft/. 
Values of d so computed are in excess of practice, and can safely be reduced by 25%. 

Springs for safety catches must be strong enough to act promptly, and yet be deflected by 
weight of empty cage, with sufficient margin to prevent lashing of hoisting rope from cnu*«ing the 
dogs to grip the gmdes. Total supporting power of springs is from 0.33 the weight of cage foi small 
cages to 0.10 the weight for large ones. Number of coils in the spring depends upon deflection 
required, or the angle through which the shaft must turn to engage dogs with guides. Ooss section 
of rod composing spring depends upon load, and radius ft of crank arm or chain wheel by which 
rope pull rotates the jackshafts against spring pressure. For flat spiral sphinum: 


P _ ? . 

6 B ’ 


/ - KS 


Kbh* 


(40) 


in which, P ** force applied at radius ft, or assumed load on chain or link connecting drawbar with 
chain wheel or arm on cam shaft, B »« angular motion of ft, in radians; S •» allowable max unit 
stress ■* 60 000 lb per sq in; E •• modulus of elasticity in tension « 30 000 000, I *■ developed 
length of spiral; 6 * width of spring and h «- thickness. For large cages ft may be taken as 7 in; 
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for small eaiires. 2.5 in. 
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Angle of rotation should be from 60 to 90®. 
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where, besides the values given above, d — diam of the spring rod. If helical, springs are used 
IN TENSION OR COMPRESSION (Fig 100) following formulas by J. W. Cloud apply: 


(42) 


“ 16 fl ’ “ vGd^ 

in which, P » load on each spring; S •» max unit stress ** 80 000 lb; P — radius of center of coil; 
I « developed length of coil, O *=* modulus of elasticity in torsion »* 12 000 000; d — diam of spring 
rod; / = deflection of spring in inches under load P In this case, the pull from drawbar to chain 
wheel or lever must be converted into component load in direction of axis of the spring. (See also Sec 
41, Art 10 ) 


32. CAGING DEVICES AND LANDING CHAIRS 


Caging of small cars is nearly always done by hand. Large cars are also often caged 
by hand; but mechanical devices are common, especially in collieries, and increase capacity 
and safety. For hand caging, where 
station layout permits tracks on both 
sides of shaft, the track approach to 
cage is laid with 1.5 to 2% grade, so 
that cars will run on by gravity, the 
loaded car pushing oflf the empty on 
opposite side. Car checks, placed at 
a safe distance back from the shaft, 
are controlled by a lever worked by 
the station tender. They should be 
80 far automatic that, after a car 
pas.'ies, the check is raised into posi- 
tion to hold the follov ing car. At sur- 
face landing, if point of dumping be 
some distance from f^ago, loaded car 
may b<* pushed off by the empty; but, 
with hand caging, this is not satisfac.- 
tory, IxH'ause more effort is reijuired 
than at shaft stations. 

Mechanical cagers. Rams, o(>er- 
ated by steam or compressed air, are 
often usevl at collieries. They act 
against the empty car, which pushes 
loaded car off the cage. Throttle for 
the I am should bo operated by levers interlocking with car check and landing chairs, so 

that it can not be opened unless cage is at 
landing and car check down. 

Fig 110 shows an apparatus made by the 
Mining Safety Device Co. When cage reaches 
station landing, its weight turns crank A 
and opens horns B. Tliis allows first car to 
run onto cage, and at same time closes horns 
C, thus holding back second oar. When cage 
IS raisc'd, horns C are ov>ened and B closed 
by weight D. For intermediate levels, the 
cage-oi>erated crank is replaced by a hand 
lever, w hich is locked in position unless cage 
is at that level. 

Car stops, to hold car on cage, may act on 
the body, wheels, or axles. Oimmonest stops 
are: (a) hook attached to side of cage, w^hich 
drops into an eye on side of car; (5) pair of 
bent bars, 0.375 or 0.5 by 1.5 in, hinged on 
vertical side members of cage, and resting in 
brackets on the diagonals. These bars drop 
with a small clearance over ends of car body. 

Automatic atopt applied to car wheels or axles, whenever cage is not on the chairs, permit more 
rapid caging. They ore of 2 kinds: (a) Horns raiaed in front of wheels or between them, and 



Fig 1 17. (''ar Stops for Self-dumping C'ages, 
Jed Coal and Coke ( o 
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operated by weight and levers when cage leaves landing. Fig 117 shows stops for a self -dumping 
cage. For ordinary cages, the horns are often operated by a lever at corner of cage, within reach 
of case tender at landing, (b) Drop-bottom cage. In this an independent transverse section of 




Fig 118. Drop-bottom Cage 


deck and rails, on which the car stands, drops a few inche.s when cage is lifted from chairs Wheels 
are thus blocked by the fixed rad ends (f'lg 118). In Jeffrey drop-rail cage, niiLa are pivoted at 
outer ends and divided m the middle. When cage w lifted from chairs, inner ciuIh of the rails drop, 

and car axles fall into notches in a pair of ngul skids. 
Car 18 thus held in place until cage is landed at another 
station. 

Landing chairs (keeps, kops). Fig 119 shows 
a common form, installed nt each shaft station. 
C’age is supported at its comers by 4 fingers 
a, pivoted at 6, and connected by rods c to hand 
lever d\ which is pivoted at e. The cut shows 
chairs at shaft collar, fingers a, which arc pushed 
back by the rising cage, are thrown outwards 
under the deck by weight h. For underground 
Fig 119. Chairs for Surface Landing LANDINGS, weight A is on opposite side of e, thus 

always holding the chairs back out of the way of 
a passing cage. To support cage at a given landing, the station tender pushes lever 
d into the position shown. A spring may be used instead of a weight. Especially 
designed chairs, with 8 fingers instead of 4, are required for drop-bottom cages. 

Fig 120 shows chair supported by steel construction at mouth of Annabelle shaft 
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Four States Coal and Coke Co. Fig 121 shows a simple design used by Desloge Consol 
Lead Co, S E Missouri. Parallel rails are caused to slide in and out by links and levers, 
serving both compartments. Chairs attached to cage deck (Fig 123) have advan- 




Fig 120 Surface Chairs, Anna- 
belle Shaft, Four States ('oal and 
Coke Co 



tagcs for shafts with many levels, since only one set of chairs is required for each 
cage. 123 (37) shows method at Horne Copper Mine. 

Man cages should be fitted with gates, about 6 ft high. If same cage is used for ore, 
the gates are detachable, and removed when not needed. Cages especially for men have 



HALf CROSS'SEC 

Fig 122. Man and Material Cage, Inspiration Mine, Ari* (J? M J) 

hinged gates, opening inward, or of pantograph form as for elevators, and are lined on sides 
with sheet steel, or strong closely-woven wire mesh. Hand-hold.^ should bo provided; 
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usually horiz rods attached to cage frame under the bonnet. Fig 122 shows the man and 
material cage of Inspiration Consol Copper Co (77), with coimterweighted gates moving 




Fig 123. Underground Chairs and Caging Equipment, No 3 Shaft, Horne Copper Mine, 
Noranda, Quebec (37) 


vertically in guides. It carries 55 men. The cage has its own chairs, which are auto- 
matically drawn in when cage is lifted. 

For hoisting men on slopes, mine regulations of some states require safety catches, 
working on a third rail, on a stationary wire rope, or on wooden guides as for cages. 
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33. SKIPS 


Skips may be used in either vertical or inclined shafts (as employed for colliery slopes 
they are called “gunboats”). Advantages over cages: less time required for loading 
and dumping; large capacity in shafts of small 
cross-section; less labor for dumping at shaft 
top; weigh less than combined cage and car. 

Less dead wt means smaller rope, drums and 
engine, or greater useful load. Disadvantages: 
difficulty in keeping separate different grades 
of ore, or ore and waste; impossible to dis- 
tribute output into a long storage bin without 
additional handling; men can not bo so con- 
veniently raised or lowered; while loading or 
dumping, there is more danger of ore di opping 
down shaft. With well designed skips, break- 
age of coal is veiy little or no greater than with 
self-dumping cages (78). When skips are used, 

MEN ARE conveyed: (q) OR a cage perma- 
nently fixed above skip; (b) on a man car, 
replacing the skip at end of shifts, (c) on a 
cage in a special shaft compartment. When 
a skip is hung below a cage, increased height of 
headframe is necessary. 

Inclined-shaft skips. Fig 124 and 126 
show skips of heavy construction, for iron and 
copper mines. Skips himilar in design to 
that of Fig 127 are built for Michigan copper 
mines up to capacities of 7 and 10 tons. For convenience of loading, the angle at forward 
end IS made approx e<iual to dip of shaft. 

Where inclinfttion of shaft is low, the skip body has no top and becomes a modified car. Fig 
127 shows such a design, of the Tenn Coal, Iron and H H Co, Birmingham, Ala (1925), for hoisting 




iron ore Front end is hinged at top, and held eloeed until the dumping point is reached by the 
front rrowsbar of the bsul, >^hu'b ia in contact with 1-m plates, faced with angles extending from the 



Fig 126. 8-ton Skip, Hancock No 2 Shaft, Quincy Copper Mine, Mich; "Weight, 41/4 Tons 


door. As skip goes into dumping position the front end drops, while the bail maintains its position, 
allowing the door to be opened by the wt of ore. For safety, a loop of wire rope passes around the 
skip body, and through the hoisting rope thimble. 
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Details WRacLS are on axles under the body (Fig 124), or on trunnions set in heavy pistes or 
castings bolted to sides (Fig 126) They must be in accurate abnement. Side trunnions cost more, 
but reduce headroom required m shaft compartment, and if body extends below rail heads, derail- 
ment is almost impoesible. Axles, when worn, are more readily replaced than trunnions. Wear on 
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to lugs bolted to side plates, as shown, or better, to pins supported m double shear by a flat bar, 
passing around back of body Pms should have ample bearing value Sectional area of metal 
through center of eyes of bail bars should be 35 to 40% greater than that of the bar Length of side 
bars should be such that crossbar will not interfere with loading, as skip hangs on the rope Cross- 
bar 18 designed as a beam, supported at ends and loaded at center with total rope load, including 
starting factor (Art 14) , its service is severe, and a large safety factor is necessary Hole for rope 
clevis IS best in neutral axis of bar Position op bail lugs depends on dip of shaft For dips of 
30® or less, lugs are placed near the rear and as low as possible without causing interference of side 
bars with hubs of wheels For dips exceeding 60®, lugs are only slightly below horizontal center 
line of skip body, and to secure stability they should be as far forward as satisfactory dumping 
will allow, Lxnsbs, Most of wear due to loading and dumping is on back and bottom of skip, 



Fig 129 146-Cu ft (10-ton) Skip, Belmont, Badger State, and Mountain Con Mines, 

Anaconda C M Co, Butte, Mont (79) 

which should be lined with false platen, with wood fillcrn For convenience of renewal, thc«»e platen 
are bolted, not riveted, the bolts having countersunk heails When ore breaks large, the wear is 
great 

Vertical skips For large outputs from vert shafts, skips are almost iinivorsal, except 
when different kinds or grades of ore must be run to separate bins on surface Fven then, 
some separation can be made by especially designed dumping chutes. 

Fig 128 shows a skip of Porphyry shaft. Inspiration Copper Co (installed 1924), wt empty 
14 000 Ib, capac, 280 cu ft or 12 ton Dumping horns, and side corner liners are of manganese 
steel, trunnions, forged steel, rollers, cast steel Fig 129 shows 10-ton skip (79) used at Butte. 
Fig 130, a Kimberley type skip in Wisconsin (37, 80) 

Ore sttc/ctng to bottom of steel skips at mines of the Hsndfontein Gold Mining Co, 8o Africa, 
resulted in decreased skip load and increased spillage See Fig 131 (37) It was found that tend- 
ency to expand of a rubber (hnatex) bottom caused ekip to empty itself completely Rubber hmng 
may be apphed to mine cars used in rotary dumps, where bottom pounding is used to clear muck 
Design of vert skips is largely a matter of experience and good practice, toad atresaee being 
usually more than taken care of by proper allowance for heavy wear and tear of operation. Unless 
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required oapao cannot otherwise be obtained, lsnqth of body should not exceed twice the leasi 
crose-eeotional dimensions; otherwise the skip is slow in dumping, especially if the ore is sticky. 
Safety gear, if employed, must be high enough above body to be out of danger of injury, and not 
to obstruct loading from chute or car. 

Combined cage and skip are useful in providing transit for men and supplies: also, for sinking 
operations when the shaft is to be deepened, provided height of skip body is small. Fig 132 shows 
a design for regular hoisting, Federal Lead Co, Flat River, Mo; capac, 125 cu ft, or about 6 ton, 



though 5 ton w tho ordinary lo.ad. Main vert frame is of 10-in, 20-lb channels, spliced between ca, 
and skip for convenience of handling and renewal of parts. 

Coal skips (“gunboats”). Although use of skips tends to cause more breakage 
coal, duo to additional dumping, improvements in methods of loading and dumping ha' 
partly overcome this objection, and they are now common for large output (78). As co 
is more bulky than ores, the volumetric capac is much greater than that of ore skips. 

There are two types, overturning and bottom discharge. Breakage of coal is lessened: (a) 
the overturning skip (Fig 133), by shape of bottom and front side and special arrangement of dum 
ing chute; (fc») in bottom-discharge type (Fig IS.*!), by discharging through lower part of froi 
which opens and forms an apron between skip and chute. In Fig 135, revolving chute i is hing 
at Toggle links are hinged to shaft i4. across lower end of chute. Hollers <?, on moving h 
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fixed damping guides 6^ rotate bell-orank 8 about fixed point 9, thus rotating the chute through 
136®. As toggle joint IM-A is below the line joining 14 and 9^ the gate is self-looking. In each type, 
the greatest breakage of coal probably occurs during loading. 

Loading arrangements. In inclined shafts, skips are loaded direct from cars, the 
skip bolding 1, 2 or more carloads; or from a pocket, through a gate controlled from 
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Fig 131. Rubber Skip Lining (37) 


landing above. Latter plan is best, since cars and skip are independent of each other, 
and on reaching shaft station, the skip is loaded promptly, without waiting for cam. 
In VERT SHAFTS, a skip holding 1 or 2 carloads may also bo loaded direct (Fig 135, o); 
but pockets are always preferable (see »Shaft Pockets, Art 35). 

Arrangements for dumping arc more varied than those for loading. For rxeuNED 
SHAFTS, a “knuckle" is formed at dumping point by curving main rails inward to hori- 
zontal. The narrow-tread front wheels run forward on these bent rails, while broad- 
tread rear wheels continue up the regular slope on a pair of auxiliary rails set at wider 
gage, beginning at the knuckle. 



SKIPS 


12-113 


Fis 135, b shows a modiiioation of this typical dump, as used at Qumoy mine, Mich, for an 8>ton 
skip By curving upward the broad-gage rails, the skip is brought more quickly to proper dumping 
angle Design must be such that, when skip is lowered, it cannot go down the shaft head first. 
If, as in Fig 127, the whole tread of the wide rear wheels is of one diameter, guard rails may be 
necessary to prevent rear of the skip from slipping sidewise Or, as in Fig 126, diameter of outer 
part of tread may be 2 to 3 in less than that of inner part, the shoulder so formed acting as a flange 
on the auxiliary rails 

It may be necessary to dump at more than one point, as for putting different grades of ore into 
separate bins At Quincy mine, Mich, gaps in main rails at dumping point, through which front 
wheels pass, are opened or closed by a plate, moved sidewise by an attendant, by rods and levers 
Angbovb duup for intermittent service (Fig 136), as used by Copper Range Mining Co, has no 



bottom of skip 

Fig 132 Combined bkip and Cage 


break m main rails The wide-tread rear isheeN folIov% cur\ed auxiliary rails and when skip 
reaches n proper dumping angle, the front edge is suppoited by rollers L, otherwise front end of skip 
urmld drt)p I’ointH of auxiiiar) r uls ate hinged at 4 and, bv a system of counterweighted rods 
and le\ era, ina> be raised to dotted position B', if skip is to pass up to a higher dumping point 

For \ BiniOAi. HUAHs the skip Ixidv, 'which is puotcd at bottom to the rigid guide 
fniine, is thiown outwards and MipporU‘d at a dumping angle by a pair of small -wheels, 
neai uppoi edge of skip (I ig 137), which run into a curved slot-hko track attached to head- 
frame at the dumping point 

hig 1 -17 shows dumping track for the skip in Fig 1 ^0, The skip body reete on two parallel shafts 
bolted to the guide fiame, and far rnougli apart to insure stabilitv of the skip while being hoisted 
One shaft passes through 2 hea^ y pillow blorks with caps, bolted to skip body, thus forming a pivot 
on which the bo<iy rotates The other shaft rests in pillow blocks without caps, also bolted to the 
skip bottom. Track inu«^t be so designed that skip body will not reverse, and go down head first 
when lowered Generally, a pair of roller wheels is attached to side plates of dumping track (Fig 
137) in such position that the horns (Fig 128, 133) projecting forward from front end of skip body 
will just slide over them, these rollers thus carry wt of skip while dumping wheels are being lifted 
across gap to reversed portion of dumping track, and on down trip thev insure that skip body will 
be turned right side up Instead of 2 rollers, a continuous bar or roller spanning gage of track u 
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Fig 133 Allen A OftreiA Skip, C W A F Coal Co, West Frankfort, 111, Capac, 484 cu ft 
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BometimeB used* but it may interfere with free dumping. Dumping wheels (Fig 128) should be 
placed close to dumping side of skip, so that ends of pivoting shaft will have clearance space between 
the mam and dumping guides. The farther this shaft is from center line of skip, the less the liability 
to accidental overturning, but the greater is the force required to dump skip, thus throwing excessive 
stresses on guides. Main guides sustain heavy side thrust at dumping point, and must be well 



Fig 134. Arrangements for Loading and Dumping Skips 


reinforced and bolted to headframe. Pivoting shaft is usually placed at 0.33 to 0.5 the distance 
from center line to side of body, 0.375 being good practice. For small skips the side plates are 1/4 to 
m, front plate, 3/g in; bottom plate. 3/g to 1/2 in. For large skips, sides are I /2 in, and front 
and bottom 3/g to 3/4 in; in some Mich copper mines, even heavier. 

Handling men in vertical-skip shafts. For large numbers of men, a double or triple- 
deck cage 18 substituted for the skip at end of shift. The change may be made quickly by 



Fig 13.5. T.epley Pottom-dis- Fig 136. Skip Dump for 
cliarge ('oal Skip Diagram of Intermittent Service 
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Fig 137. Dump Tracks for 
Vertical Skip 


hinging a section of the guides above shaft collar, and handling skip and cage by a small 
crane; as at Butte, Mont, and olseivher© (92). 

Weight and cost of skips. Wkioht is commonly 40-60% of wt of ore, reckoned 
at 110-120 lb per cu ft. Cost: usual designs, 10-14^ per lb at factory; vert skips, with 
safety catches, 14-16^ per lb. Dumping guides, with supporting plates and rollers, 
weigh 2 000-3 000 lb for 30- to 60- cu ft skips, to 4 500 lb for 100-cu ft capac. 
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84. OVERWINDING 

OvMwinding occurs when for any reason the hoisting engineer fails to check engine in 
toe to bring cage to rest at surface landing. In such case the cage may rise at high speed 
into the sheave and its supporting timbers 
at top of headframe. Height of headframe 
should be sufficient to allow reasonable clear- 
ance between rope socket and center of 
sheave, when cage is at landing. This clear- 
ance is a function of hoisting speed. In gen- 
eral it should not be less than two-thirds the 
circumference of the drum (Art 23). 

Detaching hooka release rope from cage or skip 
in case of overwinding, and at same time hold 
cage suspended in headframe. They are not in 
general use, although required by law in some 
districts for cages or skips on which men are Fig I 3 g^ 
hoisted. They can be used for vertical shafts only. 

Ori^nal Humblb hook with 6 leaves or plates, and capacity of 4 tons, is shown in Fig 138. Disen- 
gaging plate, into which hook rises, and which opens it for releasing the rope, is bolted to timbers m 
upper part of headframe. This plate is of C I or steel, with a round opemng of a diam about 0.5 
in greater than width of hook. Details of the Obmbbod hook (a modification of the Humble) with 
3 plates instead of 5, and C I-disengagmg bushing, are shown m Fig 139 and Table 38. Disen- 
QAQiNO PLATB OB BUSHING should be placed as high as possible in headframe, and solidly supported 



En4 Op«Q 

Elevation 

4-Ton Humble Detaching Hook 




Coast njctioD fot 
12-ton hook 



Fig 139. Ormerod Detaching Hook (Wellman-Seaver-Morgan Co) 


to withi^nd shock of cage, if overwound, and to carry its weight A well-known hook in Great 
Britain is the Walker. If a plain detaching hook, without ears or lugs, is used for holding the 
cage after rope is released, chairs or catches are set in upper part of headframe. They ate so made 
that cage will pass up through them, and are then thrown outward by springs Detaching hooks 
do not g^ow in favor, chiefly because they are not effectual for high hoisting speeds A run-away 
cage, rising into the headframe at a velocity of several thousand ft per min, would wreck itself 
and abo the disengaging bushing, with its timber supports. 


Table 38. Details of Detaching Hooka and Bushings (Wellraan-Seaver-Morgan Co) 


Max 

safe 

load, 

tons 

Dimensions, in 

Shipping wt, lb 

A 

1 

B 

c 

1 

D 

] 

E 

f 

G 

H 

J 

K 

Cast- 

iron 

Forg- 

ing 

Struct 

steel 

Bolts A 
rivets 

4 

«V2 

14 

8 

IS 

14 

101/2 

1 1/2 

18/4 

3 

n 




5 

6 

12 
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201/2 

19 

14 

13/4 

17/8 

4 

111 




8 

8 

18 

25 

il6 

29 

25 

29 

2 

2 

6 

||l 




28 

12 

24 


fsm 

36 

33 

23 

3 

2 

9 

H 






Safety devices, to prevent overwinding by automatically controlling the engine, gcncr- 
*dly operate by closing throttle and applying brakes. Some also center the reversing 
links. Requirements: (a) simplicity; (6) ^1 parts should be accessible for inspection and 
testing; (c) derangement or failure of any part should cause the stop to operate; (d) steam 
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should be cut off close to the valve chests; (c) steam should be throttled as cage approaches 
surface, and brakes applied for bringing the engine gradually to rest; (/) the apparatus 
should come into operation automatically, if the engineer fails to check the engine at the 
proper time; it should also be self-locking, so that engine can not again be started until 
gear has been thrown off and engine reversed. 

Lilly hoist controller (81), largely used in U S for both steam and electric hoists, has a 
fly-ball governor, working through cams and levers controlled by electrical contacts. 



Fig 140 Lilly Controller for Small Electric Hoists 


Controller is operated from tho drum shaft, or hub of clutch-operated drums, by a train 
of gears or sprocket chain. It guards against overspeoding, overwinding at ends of trip, 
and warns engineer by a bell when full speed is exceeded; also acts to reduce speed at 
proper point, if engineer fails to do so, and to prevent starting engine in wrong direction. 

For steam hoists, the current is supplied by batteries; for electric hoists, power circuit supplies 
current. On steam hoists the controller acts by releasing a wt, which closes throttle; on ^eotrio 
hoists by controUing the power circuit. If hoist has power-released gravity brakes, they are apidied 
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by an auxiliary weight, which operates the brake-engine valve. For small hoists, hand brakes are 
applied by a weighted lever, automatically controlled through an oil cylinder having a by-pass and 
valve to prevent too sudden application of brake except at extreme limit of travel. For high-speed 
hoists, the controller has an auxiliary attachment, set to prevent excessive speed when hoisting men. 
Fig 140 shows a form used for small elec hoists, with hand-brakes. 

Futer’s safety stop (82) acts directly on the cutoff, shortening it as the cage rises above a fixed 
point in the shaft, centering the valves at a predetermined point, and gradually applying the brakes. 
Its best features are; it shuts off steam directly at the cylinders, and gradually applies the brake. 



Some safety stops are operated by the indicator pointer, which releasee a latch allowing weights 
to close the throttle and apply the brakes; but their action is too sudden for use with high speeds. 
“Visor” gear (John Wood Sc Sons, Wigan, England) is shown in its simplest form in Fig 141 
Governors A and shaft B are driven by worm gear from drum shaft B, making approximately one 
rev per hoist, carries the cams C. When speed is attained the governors cau.se levers E with their 
hoo^ R to move into line of contact of cams C. If steam is not shut off at the proper point the 
cams engage with hooks, R, lifting frame F and pawl O, thus allowing weight A' to cloee throttle and 
apply brakes. P and Q are parts of an auxiliary stop, to prevent starting engine in wrong direction 
By providing cams C with several beaks of increasing radii, steam may be shut off graduall> as the 
cage nears the point where the throttle should be cloeed. (For safety stops for elec hoists see also 
Sec 16.) 



Fig 142. Diagram of Mechanical Overwind Device for Mine Hoists (3) 

Speed governors, in addition to safety stops, are necessary for high-speed hoisting 
engines. They are usually of the fly ball type. With Corliss valves they act by shorten- 
ing the cutoff; with slide and piston valves they throttle the steam. 
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A asratem of protection for electric hoists is shown in Fig 142 (3). The notched whee^ ^*|i®**T7* 
-jag an adjustable tripping dog D, is geared to the drum to make not more than one revolutiok? 
max lift. Governor G, also geared to drum, determines the position at which the trip T fa.^ , ® 
circuit-opening switch S (wired in the "under voltage” release circuit) is operated by the notclu*^ 
of the dog on wheel W, Dog D is placed to correspond to positions near end of travel and the 
graduated steps correspond to distances between the point at which slow-down should start and the 
limit of travel. Opening of switch S is determined by relative positions of T and D; the former 
governed by speed of drum and the latter by position of cage in the shaft. The last tripping position 
of D corresponds to an actual overtravel of the cage, and opens S irrespective of the speed. The 
notches on W protect against overspeeding at any point. These devices may differ considerably 
in construction. They usually have a hand resetting device. For further protection, it is customary 
to install in the shaft guides above the landing, a "shaft limit-s witch," operated directly by the cage 
or skip. If the hobt is stopped by either device, means must be provided to prevent starting again in 
the same direction. This is done by a small double-throw controller, reestablishing the power 
supply and releasing the brakes, but permitting closure of only that primary contactor which will 
allow the over-wound skip to be backed down. 



Fig 143. Loading 9-ton Skips, No 3 Shaft, Creighton Mine, Int Nickel Co, Canada (37, 68) 


36 . SHAFT POCKETS 

Shaft pockets at loading stations decrease time required to load a skip, and furnish 
reserve ore capacity, so that hoisting and tramming are not directly dependent on each 
other. Filling a skip from a i>ocket also involves less likelihood of spilling ore down the 
shaft. Capacity of pockets depends upon tonnage hoisted, size of ore cars or trains of cars, 
and storage need at the level to take care of ore trammed while hoisting is being done from 
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'other leveJ^j^ may reach 1 500 tons or more. As a rtile> a measuring pocket is placed 
below *^^0 storage pocket. It holds one skip load and is filled from main pocket, thus 
savir^g time and avoiding danger of overfilling skip, if gate should stick or break. This also 
PT^rmits dividing main bin into 2 or more pockets for different grades of ore; then, with 
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Pig 144. Skip Pocket for Inclined Shaft, Cerro de Pasco Copper Corp, Peru (37, 71) 

swinging chutes between main-bin gates and measuring pockets, any grade of ore may 
be loaded into either skip. Support of shaft pockets depends on capaclt 3 ^ nature of the 
rock in which they are built, and life of the shaft. In dry shafts, use only concrete or steel 
with perhaps a few large timbers to carry front wall, lining being of steel plate 

Pockets for inclined shafts, except the measuring pocket, are excavated in hanging 
wall, the only timbering required being that for the gates. Examples: 



MttflnglMktC. 


Fig 146. Shaft Pockets, Franklin Furnace, N J (£? tfc Af Jour) 

I. Large pockets at 14th, 20th and 26th levels of No 3 shaft, Creighton Mine, Ontario, are 
shown in Fig 143. Dip of shaft, 55 °. Ore hoisted in O-ton skips, weighing 12 200 lb. Shaft has 
5 compartments, 2 for ore, 2 for men and supplies, and 1 for ladders, pipes and cables. A 30- by 
42-in Farrell jaw crusher, with 6-m opening, breaks the ore before it enters pocket. A measuring 
box of 9 ton oapao handles ore from bin to skip (68, 37). 

II. At the Francisco Mine, Cerro de Pasco Copper Co, Peru, the skip pocket (Fig 144) has a 
bottom of 3 by 12-m plank, covered with scrap plate and moJined at 46**. The measuring pookal 
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Itoldtf en tt (OM sldp Wad). Oatea ofteraiad by air cyliiuWrs are used ia botb mam and meaaiir* 
iisg poeketa. Qatfle should abut off ore flow by rising, but with sttfficieni power they may ctkae from 
the top. Valves for the 4 gates are operated from a idatform in front of mam pocket* AU gates 
and signalling are controlled by one man (37» 71). 

III. At Palmer shaft, N J Zinc Co, Franklin, N J, both main and measuring poeketa are of i^eel 
(Fig 145). Mam gate and loading chute are moved by a hydraulio ram, takmg its water from 
the colunm pipe m the shaft. The cut shows the eloeed apparartai; lowmr door closed and upper 



Fig 146. Shaft Bottom Dumping Arrangement, Standard No 2 Mine, Schoper, 111 (37, 69) 

undercut gate open, allowing ore to fill raeasuiing bin. When the angle of repose is reached flow 
stojis, with pocket and upper chute full. To load skip, the ram moves out along the arc shown 
until edge of undercut gate is at A\ At same time rod O moves to position Q\ moving levers B and 
(' 80 that pins // and I assume positions //' and /'. Door D, held in position by arms pivoted at Q 
and E, is forced to position D’ by movement of B and C. The advance of cutoff gate A is at first 
more rapid than that of D, but D closes first, so that the measuring pocket is ready to fill when A 
has opened. Gate .4 can not jam, as it cuts upward through the ore. The operation is controlled 
by one 4- way valve. With 6-ton skips over 2 000 ton have been hoisted in 8.6 hr. 

Vertical-shaft pockets. In their construction, concrete is more generally used than for 
IKickots in inclined shafts. Examples: 

I. At Standard No 2 coal mine of the Standard Oil Co of Indiana (Pig 146), there are 2 rotary 
dumps in which oars are dumped singly into a 40-ton hopper, from which coal goes to a 12-ton 
measuring hopper holding a skip load. The empty descending skip closes discharge gate of storage 
lu>pi>er, and opens that of measuring hopi^er , ascending skip closes measuring-hopper gate and opens 
that of storage hopper. Amount of ore discharged into measuring hopper may be varied by a dam 
in upixjr part of hopper. This procedure docs away with spillage (69, 37). 

II. Shaft No 3, Negnunee mine, Mich, is circular in section, with 2 skip compartments (83). 
Storage pockets (Pig 147) are 12 ft 6 in wide, 18 ft 6 m deep, and 23 ft 3 in long at the top; divided 
into compartments for 3 grades of ore. Center compartment has 2 gates, for loading into either 
skip. End compartments have I gate, and load into but I skip. Front wall of the pocket is sup- 
ported by horisontal timbers, lined with 5- by 7-in vertical timbers, covered with 0 5-in steel plate 
near bottom and 0.25-in plate at top Sides are concreted, and lined with 0.5-in and 0.25-in plates 
bolted to timbers embedded in the concrete; plates are put in position and concrete poured behind 
them, thus making forms unnecessary. Bottom is concreted and lined with 2 layers of 3-in hard- 
wood planks, spiked to 5 by 7-in timbers embedded in the concrete. This lining also is placed before 
oonorete is poured, thus serving as forms. Gates are vertical finger bars, about 4 in square, sus- 
pended by chains from a orosshead attached to piston of an air cylinder with 3-ft stroke, B«mIi 
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measuring pocket holds a skip load. Their gates, of 2 thicknesses of 0.5-in plate, counterweighted, 
and opened and closed by an air cylinder, open away from the shaft, so that no part shall project 
into the hoisting compartments. Ore drops through a stationary chute into skip. Measuring 
pockets are of steel plate, their fronts being supported by I-beams across the openings in the con- 
crete shaft lining. 

III. At No 3 shaft. Village Deep mine. So Africa, an incline from level above, used for ore 
storage, discharges into a steel measuring pocket, for loading the skip (Fig 148). The gate forms a 
chute between pocket and skip, and a sloping spill plate diverts spillage into the level below; thus 
preventing it from falling into the sump, and interfering with tail-rope sheave. 

IV. Thermal Mine No 4, Donk Bros Coal and Coke Co, Madison Co, 111, has no storage pockets, 
as they increase breakage. A rotary dump discharges cars into weigh pans of scales, one for each 



Fig 147. Stations and Storage Pockets, Negaunce No 3 Shaft (83) 


compartment (Fig 149). Car loads are weighed separately, 2 oars filling a 6-ton skip (84). De- 
scending skip trips a lever, which opens the rotary gate of chute between scale pan and skip, the 
same movement opening the discharge of scale pan. Coal may be dumped from scale pan liefore 
the skip arrives, as the chute does not open until skip is landed. When skip rises, the gate closes 
automatically. For very high speeds, mechanical control of the chute is unsatisfactory, and elec- 
tric control is used. A constant-running motor is connected through a magnetic clutch and gear 
train with the rotary gate of skip chute. Descending skip makes an elec contact at the proper 
point, energising the clutch and opening the gate. As skip rises, current is broken, closing the gate. 

V. Skip loading at Porphyry shaft. Inspiration, Aru (Fig 150), exemplifies extreme mechanical 
control. Ore is dumped into 2 cylindrical, ooncrete-lined storage bins, 30 ft diara by 40 ft deep; 
total capac, 1 600 tons. One gate in bottom of each bin disoharges to pan feeders, 48 in by 7.5 ft, 
which deliver to a 12-ton steel hopper supported on knife edges. When hopper is full, feeder stops 
automatically. Descending skip, on coming to rest on chairs, opens the gate for loading; it then 
doees and starts feeder (77). 

8treM68 in shaft pockets. Pressures on walls are computed as for surface ore bins 
(Art 36, 37), but, because the service conditions are severe, and construction may not be so 
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carefully carried out as for surface structures, a larger safety factor is advisable. If bin 
structure supports also the walls of the excavation, this fact would generally be the deter- 



Fig 148. I^oading Station, No 3 Shaft, Village Deep Mine, Rand 


mining factor in design. For drop v’ockets, excavated in ore or rock, the gate or chute and 
its 8\ip[)ort should be carefully designed, since it may be subjected to unusual loads due to 
ore bridging al>ovc and then falling from some height. 




36 Hp, 900 r p m motor 
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36. OSE BINS 

Types. For ore, crushed stone and coal, bins are designed: (a) of rectangular section, 
with flat bottom; (6) with hopper bottom, either inverted pyramid or wedge-shaped; (c) of 
circular section with flat, conical or hemispherical bottom ; (d) as a suspension bunker or 
bin. Flat bottom bins (Fig 165) are built entirely of timber, steel frame with tim- 


. 0 ^ 
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Fig 151. Coal Storage Bin, H. C. Frick C A C Co 


ber cribbing, all steel, or reinforced concrete. They are best suited to conditions 
where the material is discharged at center, or at various points of the bottom, onto con- 
veyers or into cars. Advantages: larger storage capacity for the same floor space occu- 



pied; simplicity of constniction ; the ore form.s its own bottom and there is no wear on 
the floor, except around the discharge spouts. Disadvantage: the bin can not be 
completely emptied without shoveling the material lying lielow the angle of repose. 
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Hopper-bottom bins (Fig 154) are of timber, steel, or reinforced concrete. If of timber, 
the sloping sides of hopper portion should be lined TTith steel plate, llf bottom is pyramidal, 
the bin can be discharged completely; but, if the vertical cross-section is triangular or 

wedge-shaped, there will always be a 
block of ore between chutes that will 
not run out. Pyramidal bottoms are 
preferable for discharging material 
from a point underneath the bin; 
wedge-shaped bottoms, for discharging 
at one side. If discharge on each side 
is desired, bottom is an inverted V 
(Fig 151). Cylindrical bins (Fig 
155) are of steel or reinforced concrete. 
Advantage: economy of material for 
a given capacity, because the walls are 
in tension only and but little frame- 
work is necessary except for the sub- 
structure. As there are no bendir.g 
stresses in the walls, these bins can be 
made much deeper, thus securing a 
larger capacity on same ground space, 
with same or a less quantity of struc- 
tural material. Their bottoms are flat, 
hemispherical or conical. Suspension 
BUNKERS (Fig 156) are of steel plate 
or reinforced concrete. The bin body 
is suspended from 2 side girders, which 
in turn are supported by colmnns. 
Weight of contents causes sides to as- 
sume form of the equilibrium polygon 



Fig 165. Ore Bins, Porphyry Shaft, Inspiration Mine, 
Aria 



150 Huflpcii«iion Mill Ifln, Inspira- 
tion Copper C.'o 


(Sec 36), and when fully loaded, stresses in plates are tension only. As form of the 
curve changes with different degrees of loading, the plates are slightly distorted; and 
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for roinforoed concrete the rdnforcing, or steel framework supporting the reinforciiig, 
must carry the load, the concrete serving only to protect the steel, 

Bzamplet of this distortion are shown by dotted lines in Fig 156, 150. In Fig 156, the wt of bin 
contents caused a drawing in of the flanks and lowering of the bottom, sufficient to make the dis- 
charge gate interfere with the pan feeder (87). In Fig 159, when bin was full, the flanks moved 
outward and bottom rose. To prevent such move- 
ments from affecting operation of the feeders, 
these were suspended from the bin: but rigid con- 
nection between gates and bin plates was some- 
times broken by distortion. 

iSvispension bins are rarely used at mines for 
coarse ore, as large pieces may cause unequal 
stresses in the platos; they are commoner for mill 
bias, after at least one crushing. Examples: 

I. A flat-bottom wooden bm, for loading ore 
or crushed stone into H R cars, has following 
dimensions: width, 26 ft; length, 40 ft; depth, 

12 ft; bottom of bin, 18 ft above foundations; top 
of R R ties 22 ft below bin bottom; bin supported 
on eight 12 by 12-in and eight 8 by 10-in posts. 

II. Fig 151 shows steel bins for coal storage, at 
Phillips mine, H. C. Frick Coal and Coke Co, Pa. 

Capadty, 800 tons. The coal is discharged into 
the bins from self-dumping cages. Sides are hned 
with 0.25-in buckled plates, supported by l5-in, 

42-lb I-beams, spaced 3 ft 5 Vt-m centers. In- 
clined bottom is of plate, its framing consist- 
ing of plate girders with 48 m by a/g-in web and 
flanges of 6 by 6 by Vw-m angles. Girders are 
spaced 3 ft 5 V4'4n centers, and tied together by 
2 angles 8 by 8 by 0.75-in and 1 plate 17 by 0.5 in 
at the bottom and 15-in, 42-lb I-beams at the top. 

Main side girders consist of two 15-in 42-Ib I-beams 
and one 15-ui 33-lb channel. Floor is earned on 
12-in,I-beains, spaced 1 ft 6 m centers. Coal U discharged through gates in vertical side walls. 

III. Fig 152 shows a timber bin, designed for a jaw crusher to be mounted on its top and to 
receive fine ore from the grixsly. Ore is discharged to earners of an aerial tramway. Total timber 
required was 21 700 ft li M; 14 300 ft for the bin proper, and 7 400 ft for crusher floor, roof struc- 
ture, and siding. Capacity, 2 200 cu ft, or 110 tons of ore weighing 100 lb per cu ft, equivalent to 
6.5 ft B M of lumber per cu ft capacity for the bin proper. 

IV. Fig 153 shows a timber bin, somewhat sinular to, but larger than the preceding. Planking 

is 5 in thick on bottom and front; 
3 in on ends. Bottom and front 
ha>’e a replaceable 2-in lining. 

V. Fig 154 shows steel hopper 
bins of Cananea Consol Copper Co, 
receiving lump ore from R R oars 
on top. Ore is drawn off onto a 
conveyer, through rack and pinion 
gates m bottom of each hopper. 
Bin is divided into 8 pockets, ap- 
proximately 15 ft square; capacity 
of each 2 640 cu ft, or 200 tons. 
8ide plates are 0.25-in, stiffened 
with 7-in channels, spaced 4 ft 
apart. Hoppex plates are Vs-in, 
stiffened with 10-in channels (86). 

VI. At No 3 MiU, Wiihfttbeft, 
Sherman A, Co, Mineville, N Y 
(86). a cylindrical reinforoed-oon- 
crete bin is used for mill storage. 
Che is magnetite, of 4-in site, de- 
livered by belt conveyers. The 
flat bottom is carried on a cooorete 
arch, which houses the feeder and 
conveyer taking the discharge from 

bin. Capacity, 1 000 long ton.s. Outside diara, 25 ft; height, 60 ft. Inside diam is stepped in 
from 2 ft thick at Viottom to I ft at top. Forms were built in 6-ft sections, of 7/8-in matched 
lumber. The reinforcing is 1 Vg'in discarded hoisting rope; coils placed 1 ft apart for verUoal 
reinforcing and 2 ft apart for horisontal. 

VTI. Porphyry shaft. Inspiration mine, Arts, has 3 cylindrical bins (93): two, 64 ft diam by 
43 ft deep, for ore; the third, 26 ft diam by 24 ft deep, receives w'aste rock from skipe through a 
movable cliute (Fig 166). Bin walls are of steel plate; bottoms, reinforced concrete. Total capao 




SECTIONAL PLAN E-F 

Fig 157 Reinforced Concrete Bins, Croton Iron 
Mines (88) 
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of large bins, 3 500 ton; small bin, 600 ton. Ore is discharged into R R cars, through 6 gates in 
bottom of each ore bin and 2 gates in waste bin. 

!> VIII. Fig 156 (87) is a section of a suspension-type mill bin, also of Inspiration Consol Copper 
Co._Width between rows of oolunms, 35 ft; columns spaced 16 ft 8 in longitudinally. Length, 

330 ft; cross-sec area, 800 sq ft; capac, 40 tons per lineal 
ft. Top of bin plates is reinforced, forming a girdei 
between columns. Discharge gates are in center of each 
bay. 

IX. A set of 4 cylindrical concrete bins, built 1014, 
at Croton iron mines, Brewster, N Y (88), are arranged 
in line (Fig 157). The bins are 22 ft 6 in inside diam by 
34 ft 3 in high; capacity of each, 390 cu yd, or 500 tons. 
Ore is withdrawn through hoppers onto belt conveyers, 
running in arched tunnels under each bin. Bin walls are 
9 in thick, reinforced vertically by 0.6-in round rods 18 
in apart, and horisontally by old 0.75-in cable, spaced 
4.25 in apart for the first 5 ft, 6 in apart for 10 ft, and 
then 9 in apart to the top. Forms (Fig 158) were 4 ft 
high, of rough 2-in chestnut. They were made by nailing 
face boards (not over 12 m wide) to 2 ribs cut to proper 
radiiLs. Inner and outer forma were held together by 2 
rows of 0.3-in bolts, long enough to pass through 2 by 
4-in vertical bolting pieces outside the ribs. These bolts 
being greased and withdrawn, were used over and over. 
Each rise of the forms held 25.5 cu yd of concrete, and 
was filled in 10 to 11.5 hr by 9 men, including engineer 
and fireman for the hoist. A 0. 1-cu yd batch mixer was 
used, concrete being hoisted at one end of line of bins 
to scaffolding above the form. Foundation mixture was 
1:3:6; w’alls, 1:2:4. Coarse aggregate of 2.5-in 
stone was used in the 0-in walls, with careful tamping. 

X. Mill bin of New Cornelia Copper Co, Ajo, An* 
(87), is of suspension type (Fig 159). Area of cross-sec, 
about 665 sq ft; length, 300 ft: capac, per lineal ft, 33 
ton; width, c to c of columns, 32 ft; columns spaced 20 
ft. Top edge of side plates is reinforced, to act as a girder. 
Six discharge gates, 10 ft apart. 

Cost of timber bins. Labor, nails, bolts, and iron work, exclusive of steel plate lining, 
cost $26 to $35 per 1 000 bd ft, to which is added the timber cost. 

Cost of concrete bins. Four bins of the Croton iron mines (Example IX) cost, after 
crediting the future value of the form lumber' for foundations, 221 cu yd at $3 81, $842.61; 
structure above foundations, 380 cu yd at $9.70, $3 710.28; total, $4 652.89. 

This includes labor and material, lumber and reinforcement, but not the cost of excava- 
tion, nor charges for superintendence and depreciation of plant. 

A 400-ton reinforced-concrete coal jiocket, at the Atlantic City (N J) water works, is 
30 ft diam, with conical bottom and pyramidal roof. Concrete was 1 cement, 2.5 sand, 
6 gravel. Plain reinforcing bars were used. Excavation, 233 cu yd; concrete, 317 cu yd; 
steel for reinforcing, 13 700 lb; steel beams, plates, etc, 3 250 lb. Contract price, $3 795. 

A group of 4 reinforced concrete bins for sand storage, with a total capacity of 2 200 cu 
yd, required 680 cu yd of concrete and 4 510 lb of steel reinforcing. Lalxir, 60 working 
days for 11 carpenters and 14 laborers. 

The above figures on concrete bins are based on costs prior to 1916; for cost in 1938 
add 80-100%. 

Cost of steel bins comprises: (a) material; (5) fabrication; (c) erection; (d) tran.i- 
portation. Cost varies with local conditions, and largely with design. For preliminary 



Table 39. Cost of Steel, V-bottom Bins (1914); for 1938, add 80- 100% 



Labor 

Material 

Total 

Quantity 

Total unit cost 

Excavation 

$2 303. M 

$ 39.16 

$ 2 342 27 

1 428 cu yd 

$ 1 64 

Foundatioiui 

1 235.51 

2 247.70 

3 483 21 

612 3 cu yd 

5 69 

Steel structure 



29 276 63 

353 09 tons 

82 92 

Gates 

901.15 

i 984.93 

2 886.08 

30 gates 

96.20 

Conveyer No 1 

31092 

2 947.19 

3 258 n 

97 3 ft 

33 49 

Conveyer No 2 

355.19 

2 498 03 

2 853 22 

117 3 ft 

24 33 

Lighting 

60.87 

24.67 

85.54 

22 drops 

3.89 

Total . . 



$44 185 06 
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estimates, following figures in per lb may be used: (a) material, 3^; (6) fabrication, 
including drafting, mill details and shop labor, painting, and transport from mill to shop, 
3.6ff; (c) erection, total, exclusive of freight from shop to point of erection, Sff. 

According to M. S. Ketch um (85) the coats of bins of different materials and designs is as follows: 
Wooden bins cost about half as much as steel or concrete. Suspension bunkers are cheaper than 
other types, costing 60 to 70% as much as rectangular bins. Cylindrical bins are slightly cheaper 
than rectangular. Reinforced-concrete bins cost approximately the same as steel bins of same type. 

Cost of Steel V-bottom receiving bins (Fig 160), at the smelter of the Arizona Copper 
Co, Clifton, Ariz, is given in Table 39 (89). Bins are in 2 separate structures: coarse-ore 
bin, 25 by 70 ft, divided into 4 pockets; concentrate bin, 25 by 1(X) ft, divided into 6 
pockets.' Fig 160 shows a cross 
section of bins and gates. Exca- 
vation for each pier was 7 by 7 ft, 
in gravel 16 to 25 ft deep. For 
foundations only 5% of the con- 
crete required forms. In the bin 
structure are 11.35 tons of corru- 
gated steel and 341.74 ton.s of 
structural steel. Gates are oper- 
ated by rack and pinion, 12 for 
the coarse-ore bin cutting upward 
through the stream, and 16 for 
the concentrate bin cutting downward. No 1 conveyer, 97 ft centers, has a SO-in belt, 
and includes traveling feeder, motor for drive, and all accessories except steel frame for 
supixirting the idlers. Conveyer No 2, 117 ft centers, has a 20-in belt, and includes the 
same items as No 1 conveyer (Table 39). 



Section through receiving bins gate for RECEtviNa bih 
Fig 160. V-bottom Bins, Ariz Copper Co (89) 
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Forces acting on bin walls depend upon the w’eight per unit of volume, angle of repose 
and moisture content of the bin filling, and angle of friction of the filling on bin walls. 

Shallow bins. When the walls are flat, and the plane of rupture cuts the free surface of 
the contents, the theory and formulas for retaining w'alls apply. According to Coulomb’s 
theory, the plane of rupture forms with the bin wall a “wedge of maximum thrust,” which 
exerts pressuie on the wall. For a vertical wall, without surcharge or heaping of the 
material alxive the top, the plane of rupture bisects the angle between the wall and the 
plane of repose of the filling, provided the resultant thrust is normal to the wall. In this 
case, the resultant thrust may Ixi assumed as making an angle wuth a normal to the wall 
equal to the angle of friction l>etw’een the filling and the bin wall. Rankine’s theory, on 
the other hand, assumes that the direction of the resultant thrust on a vertical wcdl is 
alw'ays paiallel to the top surface of the filling, so, that the angle betw’oen the direction of 
the resultant thnist and a normal to the wall is never greater than the angle of repose of the 
bm filling In Ixith methods of solution the i>oint of application of the resultant stress is 
assumed at one third the height of wall. 


.Mgebraic methods Factors m the formulas for pressure on bin walls are* P *=* resultant 
pre.ssure per ft of length of wall. .V ^ total normal prebsure per ft of length of wall, 0 =* angle of 
repose of bin filling; 0' « angle of friction of the tilling on the wall. 9 ■» angle between plane of wall 
and the hormontal measured on loaded sue. 8 =* angle of surcharge, t «* angle between direction 
of /’ and a normal to wall, \ *- angle between P and the horisontal, h vertical height of wall; 
w ^ wt of bin contents j>cr cu ft 

Rankme's formula, for a vertical wall without surcharge, is 


P 


- tchi 
2 


1 — sin 0 
1 “b sin 0 


and for a vertical wall with surcharge 8: 

1 cos 

2 


8 


cos 8 — \/ cos^ 8 — cos*0 
cos 8 -f V cos* 8 — CO8*0 


( 1 ) 

( 2 ) 


If 8 •* 0, then 


- tcA* cos 8 


(3) 


In Eq 1, 2, and 3, the direction of P is assumed parallel to upper surface of the bin contents, and 
Its point of application at one-third of the vertical height. 

Coulomb's theory gives the following formulas: 


F - - whi 
2 


sin* 9 sin {9 b* t) 


('Wi 


(» -f 0) Sin (0 - 


sin {9 -f *) sm {9 


«)/ 


( 4 ) 
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Ilf in £q 4f s be made equal to sero, P •>» N and 


N ^ ~wh^ 
2 


sin* (fl — 


8m» S ( i + \j±II^]±EAY 
\ \flin • sin (d — a)/ 


For a vertical wall $ * 90®, and Eq 5 reduces to 


N ' 


- wh^ 


coe2 0 




'sin ft> am 


cos < 


5)- 


For a level top surface b — 0®, and Eq 6 reduces to 


»T 1 1 ~ sin <f> 

2 


(5) 


( 6 ) 


(7) 


1 4- sin 

which is identical with Hankine’s formula (Eq 1) for a vertical wall, with upper surface of filling 
material level with the top. 

Cain’s formulas assume that 2 »■ Eq 8 to 22 applying also to shallow bins. In addition to 
previous nomenclature, N' = normal pressure on the wall when 0. 

(a) Vertical wall, surface of filling level, * ■» <t>\ 


and 

If 


p . ± ti /i* - 
2 

cos 4>‘ 

N P cos </>' 


cos* 


( 1 ^/ sin (<^ 4- <*>') sm 

\ cos 4>* ) 


. - P - - li>fl2 

^ (l fsiiK^ 


0' «■ 0, V' »=» - v’A* tan* 

(b) Vertical wall, surcharge ■■ 5, * ** 

1 


V2)' 

(- 1 ) 


P xohi . 

2 


cos* 4> 


4>' i I ^ \ h^ ^ ~ 

\ \ COM 0' • coe 5 / 


cos 


If 

and 

If 


i *■ 0, P ■» — ti/A* 

2 cos 0' 

iV ■» P cos ^ 

0' 0, N ^ loA* cos* 0 


(c) Wall sloping outward, 9 < 90® -f- <>', <5 — 0, 


P - i icA2 - 

2 


sin* (p) 


■ + «; «.n2 » (l 4- 

\ Vsin (0' 4- 9) sm 


Bin (0' 

y <3 p cos 0' 

(d) Wall sloping outward, 9 < 90® *f surface surcharged. 


p « 1 t4,/,2_ 
2 


sin* — 0) 


sin (0' 4* 


9) sin* ^ ^1 + 


-Hin (0 4 0'1 Hin (0 


sm (0' 4- 9 ) sin {9 


i)/ 


V a* P cos 0' 

(e) Wall sloping outward, 9 > 90® 4- i “ 0, 


P ■» - u»A2 tan* d t- tsii^ 




( 8 ) 

(9) 

( 10 ) 

( 11 ) 

( 12 ) 

(13) 

(U) 

(15) 

( 10 ) 

(17) 

(18) 

(19) 

( 20 ) 
( 21 ) 


y za P cos 0' 

In above cases, if P is the component of P parallel to wall, the thrust in plane of wall is 

P P sin 0' (22) 

Deep bins. The preceding formulas for shallow bins do not apply when a bin is so deep 
that the plane of rupture of contents cuts the bin walls. Following formulas are by 
M. S. Ketchum (85): 

kpi'h' 

<2-r 
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in which, In addition to previoxia notation: V •• vertical pressure of filling, lb per sq ft; L »■ lateral 
pressure of fiUing, lb per sq ft; f? » area of bin in sq ft + circumference of bin in ft + “hydraulic 
radius” of bin: h » depth of filling at any point, ft; n «* tan 0 » ooef of friction of filUng on filling; 

tan » coef of friction of filling on bin walls; k » constant depending on character of filling; 
e “ base of Nap log «=» 2,71828. 

The approximate value of k may be calculated from — (1 — sin 0 ) (1 4* sin ^). 

Constants applying to materials in bins are tabulated from various sources in Table 40. 


Table 40. Constants Applying to Materials Stored in Bins 


Material 

Wt, lb 
per cu ft 

Angle of 
: repose 4>, 
degrees 

Angle of friction 4 / on 

Steel plate 

W^ood 

Concrete 

Bituminous coal 

47-56 

35-40 

16 

35 

35 

Anthracite coal 

52-56 

1 27-30 

16 

25 

27 

Slaked coal 

53 

i 36-45 




Coke 

23-32 

45 

25 

40 

40 

Ashes 

40-45 

40 

31 

40 

40 

Ore, soft iron 


35 




Ore, various 1 

1 00-1 40 

36-42 

1 ^ 20 ' 

’ *38-40 * 

38-^40 

Crushed shale 1 

90 

39 




Portland cement ... . ..! 

' 103 

30-35 




Sand . j 

90-120 

34 

18 

*30 ’ 

’*30 


Suspension bunkers. The stresses are due to a load which varies from *ero at the 
support to a maximum at the center, and the loading varies nearly as the ordinates to a 
straight line (Fig 161). 

P « maxinuim load at center of bin, lb 
I •“ one-half bin span, ft 
S » depth of bin, h 
ir a* wt per cu ft of bin filling 
T ■* maximum tension in plate per ft of length 
C " capacity of bunker in mi ft per lineal ft of bin 
P » lowest point of bin and origm of ooordinatee 

The equation of the curve of the bunker 





(25) 


which shows that the shape of the curve is independent of maximum 
load and depends only on width and depth of bin. 

Capacity of a bunker level full is C »= V 4 (26) 

Max pressure P at center is calculated as follows 

PI Cir, P — Cio + I, nntl from Eq 26 for a bunker level full, P 6/4 Sw (27) 
Tension in the platea at supports A and D is 


■V[ 


4- 




T « Cm- ' 

I.ength of bin curve is not exactly determinate If L ho the length for one-half the curv’e 

L \'dx'^ 4 (ij/2 

By substituting values of dx and dy from Eq 2.S, the length of one-half the curve is 
L - 

2 /* .'p 


(28) 


-r 9 ‘V'-* (2 xl - x 2;2 


(29) 


By using Simiwon’s rule for approximate iiitegration, with 10 divisions, one-half the length of curve 
becomes 

^ X (vo 4- Vio 4- 4 ivi 4- */j 4* Vft 4- Vt + t/g) 4- 2 (y^ 4- y4 + Ve 4- yg)) (30) 

in which y 4* 9 S* (2 ad — a;*) (31) 

In Eq .30, 31 J/© » value for ar “ 0: vi »» value for ar - i + 10; t/g « value for x « 2 / + 10; and 
80 on. Ten divisions give sufficiently accurate results for practical purposes 

A diagram due to R. VV. Dull for calculating stresses, capacity, and length of curve of suspension 
bunkers, is given in Fig 162 It is for coal weighing 50 lb per cu ft. For material of diff’erent 
weight multiply the stresses in the diagram, and the capacity per ft of length, by the ratio of the 
weight of material per cu ft to 50 lb. To use the diagram, assume that a capacity of 6 tons of coal 
per ft of length is required, and that the bin is to be surcharged. Enter right-hand diagram at 5 
tons. Below intersection of horls line with surcharge curve is depth 3 — 11.56 ft, and width 



12-134 HOISTING PLANT, SHAFT POCKETS AND ORE BINS 


L ■■ 19.25 ft; above same intersection, at top of diagram, is length of curve, 372 in. On left>hand 
diagram, at same horis line, is reaction 22 5 000 lb; following this horia line to intersection with 

heavy diagonal, and thence through light diagonal to left-hand margin, is 7 5 800 lb; vertically 

below same intersection la H 2 900 lb. 

"Lengih of curre, &i 






Fig 163. Qraphic Solution for Shallow Bins 

full, the normal pressure on side BC is AT ^ wh^ • ; , ^ . The area of triangle BCa ■■ 

2 1 -f sm 

Nt unit press at i? *■ 0, and the unit press Ca ■■ (area BCa) + i/j h. Total normal press 
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N 2 and unit pressures on side AD are similarly found For the bottom DC, continue AB 
and DC to intersection at E. Weight W of triangle BBC acts through its center of gravity, 
and by construction the normal press on EC « ch, 
represented by the area of the triangle ECo The unit 
normal press Co at C =* (area ECo) 1/2 EC Unit 
normal press Dn at D is found by construction, and the 
total normal press Ni on the sloping bottom CD is 
represented by area of trapezoid DCon It acts at g 
through the center of gravity of the trapezoid The 
component of the weight of the bin filling acting paral- 
lel to the plane of DC is ae If, in Fig 163, the bin lie 
extended, with a horiz bottom, to the right, to such dis- 
tance that the plane of rupture laid off from C to right 
of BC (instead of to left, as shown) cuts the surface, 
the direction of N would be reversed N would be 
extended to intersection with W sAf, the resultant of N 
and TV' laid off acting through /, and a normal from end 
of resultant to EC extended represents normal press on 
EC\ in a similar manner to cb With normal press 
known, the remainder of construction is same as above. 

Stresses in the bin framing. Total honz and vert 
stresses at the interset tion are shown in Fig 164 These 
are earned by the framework and calculated in ordi- 
nary manner 



Trautwine’s formulas for the pressure on verticil bin walls are 

(а) Surface honiontal, horu press per ft of length of bin 13 

i w'AMan* ^45 - (32) 

For anthracite coal, total honz press ■« 9 78 /i*. and press on lowest foot *» 9 78 (2 ^ — 1) 

For bituminous coal, total honz press « 6 37 A*, and press on low'est foot ** 6 37 (2 A — 1) 

(б) Surface sloping, 5 ■* 0 , horizontal pressure — uA^sin* ^45 — (33) 

For anthracite coal, total honz pre<w = 14 22 A* and press on lowest foot =» 14 22 (2 A — 1) 

For bituminous coal, total honz press =* 10 A* and press on lowest foot «= 10 (2 A — 1) 

Stresses in circular bins are usually calculated the same as for deep bins For honz press on 
walls at any point, Eq 24 applies 1 ensile stress in walls i)er ft of height at any point — Lr, in 
which L — honz press, lb per sq ft (Eq 24), and r — radius of bin If bin is shallow, entire weight 
will be c-arned by bottom If deep, Eq 23 applies For flat bottoms, press is normal and equal at 
all points If conical, tensile stress, at any point m the bottom parallel to an element of cone, is 


// 


cosec B 

2 rri 


(rri* V + n 1 ) 


(34) 


in which B ■■ angle cone makes with honz, n » radius of cone at point considered, TTi — wt of 
bottom and filling lielow this point ,1 “ Lq 23, considering radius of bin ri instead of r, and » 0 
Honz stress at any i>oint in conical bottom is Ui - Lri (35) 

in which L is found from Eq 24, using rj for r In spherical bottoms, the tension parallel to any 
meridian is 




iv. 

2 


U 1 cosec B 
2 wri 


(36) 


m which values are same as m Fq 34, B - angle of tangent to meridian with hons, and r' • radius 
of sphere The tension normal to a meridian at any point la 

//i - Vj Vr' (37) 
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DRAINAGE OF MINES 


1. SOURCES AND CONTROL OF MINE WATER 

Surface inflow through outcrops is the chief source of mine water in regions of heavy 
or moderate rainfall, especially where mines are worked to the outcrop, and largo drainage 
areas are above or tributary to extensive outcrop workings. In such cases, mines may 
be subject to sudden floods, which usually require defimte times to reach the workings. 
Hence records of quantity and character of precipitation, and time and extent of resulting 
extra inflow, should be kept for their value in giving warning. Deposits outcropping 
under water-bearing surface wash, as in alluvial valleys, while not exposed to similar 
flooding, are subject to continuous percolation through the strata, the amount dependent 
upon the character of the measures and closeness of mine workings to buried outcrop. In 
case of a coal seam in contact with a bed of fire-clay, the latter may be washed out over 
areas sufficient to cause disastrous inflow. Surface flood water may also find its w^ay 
into mine openings or open crop-falls (1). 

Surface water through cracked or broken measures may be more dangerous and 
troublesome than that from open outcrops. Where a deposit has been extensively worked 
by open or by shrinkage stopes under fissured rock cover, cracks and crevices may admit 
large quantities of both surface and ground water, combining serious permanent flow with 
periodical flooding from rainfall. 

Flooding may also come from caves extending into water-beanng wash or water-soaked deposi- 
tions, from mining under too thin a rock cover, or cutting into “ pot-holes ’* or buried valleys. .\t 
Nanticoke, Penn, 20 men were buried m quicksand from a pot-hole over 100 feet deeper than the 
surrounding rock. 

Water from permeable measures is always possible, and in formations like soft massive sand- 
stones may be expected. It may enter as seepage, or under pressure, often from largo areas, result- 
ing in persistent inflows. Hehef can be obtained only by draining entire basins, or by general 
lowering of ground-water level. Water from crevices or underground channels is sometimes 
encountered m shaft sinking or in mining itself, coming in unexpectedly and m large volume. It 
may persist to the complete drainage of territory tapped. Water >rom unhuhhrcted indkk- 
OROUND CAVITIES, either natural caves or abandoned workings, is fortunately rare. lU serious 
aspect, aside from quantity of water, is suddenness of inflow, \%hicb may endanger life and quickly 
flood lower workings. 


2. PREVENTION OF INFLOW 

Surface. It is generally cheaper to keep water out of mines than to remove it after 
it has entered. While it may bo impossible to prevent the entrance of all water, the 
amount can usually be decreased by attention to sources of inflow'. In impervious soil, 
entrance of surface water can be minimized by well-planned ditching around outcrop or 
fractured areas. In permeable soil, ditches should be lined, or wooden or concrete flumes 
installed. If streams or drainage channels cross outcrops or fractured areas they should 
be flumedr or diverted by canals, designed to take maximum flood volumes, and located to 
minimize danger of rupture from surface settlement often occurring during flood periods. 

Drainage works are sometimes built through extensive districts by a combination of interests, ns 
in Hazleton region, Penn, where Black Creek has been diverted outside of the coni measures for 
miles, relieving the drainage situation in a number of colhenes, each of which formerly pumped 
practically the entire creek flow. 

Besides diverting surface water, the discharge of mine pumps must be delivered outside of 
drainage area of mine. This may cause contamination of streams Some state coiiits have ruled 
that discharge of mine water into its natural drainage channels is permissible, but that damages 
may be recovered for its discharge into streams not reached by gravity in case the mine should fill 
Thus, drainage tunnels discharging onto unpolluted watersheds may furnish ground for damages. 

Entrance of flood water through openings other than crop-falls or cracked measures should be 
impossible. If there are openings below flood level, along creeks or in alluvial flood plains, shut-off 
doors or temporary dams should be installed. In planning new openings flood records should be 
obtained, and openings placed w'ell above danger line. Damage from flooding may be so serious 
as to warrant considerable expenditure to avoid it. In cose of shafts, the cost of extending w'ater- 
proof curbs above possible flood level is small, and the shaft spoil may be economically used for 
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filling necessary to raise plant above high-water mark. This has been done at many shafts in the 
flood plain of Susquehanna River, Penn, shaft curbs being at least 6 ft above highest recorded flood 
mark; also, provision is made for shutting openings promptly in case of possible higher floods. 

Underground. In mining under heavy water-bearing wash or quicksand, it is impera- 
tive to leave suflflcient rock cover, and to keep workings far enough below buried outcrops 
to avoid danger. Preliminary exploration of rock surface should be done by borings suf- 
ficiently close together for making a fairly reliable contour map of the buried rock surface. 

Fig 1 is a map of a small area of the buried valley of Susquehanna River, showing the great 
irregularities of rock surface revealed by borings The wash varies from less than 100 to nearly 
300 ft deep, and without borings the workings might easily have been extended into unsuspected 
deep recesses in the rock. In such boring, especially m stratified measures, some holes must be 
continued into the rock, to determine its nature. These holes should be grouted to the rock surface, 
to prevent entrance of water through them to subsequent mine workings. 



Rock thickness required between workings and overlying wash depends so largely on 
character of deposit, nature of overlying rock and method of mining, that no general rule 
10 posmble. In the Wyoming Anthracite Field, Penn, under the Susquehanna Valley and 
under the river itself, the rock cover varies from 100 to 50 ft minimum; under deeiier wash, 
from 20 to ltK)% of thickness of wash. ITider aver conditions, .with sandstones and slates 
overlying mine openings, and with ample pillars, a rook thickness above workings equal to 
Va of tot4U cover is a reasonable inininnmi. In steeply-pitching measures, thickness of 
cover is determined by the distance from outcrop required to prevent inflow along bedding 
planes; best deb'rniined by test openings toward outcrop. 

Douglas Hunting gives the following relations for 21 ft width of mine openings: 

T »• 1.5 \/(t “f 5 (strong measures, rock surface fully explored). 

T <“ 1.5 F IS (softer measures, liable to di.sintegration, rock surface fully explored). 

r — 1.5 -f 40 (strong measiircs, rock surface imperfectly explored). 

r •• 1.5 4* (softer measures, liable to disintegration, rock surface imperfectly explored). 

In these formulas: T » thickness of rook cover, d «■ depth of surface wash, ft. 

Grouting and waterproof linings. Inflow from water-bearing strata is avoidable by 
waterproof linings of shafts and other openings, or by grouting under pressure into sur- 
rounding rocks. 
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In approaching known or possible old workings, and when mining in limestone where 
cavities may be expected, drill holes, preferably bored through gate valves previously 
secured, should be kept well in advance of all workings, to avoid disastrous inrushes of 
water, and to control flow from any orebody which may be tapped by holes, letting water 
out ozily in such quantities and at such times as may be suitable for capacity of the pumps. 

No means have yet been devised for materially diminishing the inflow of deep ground water, as 
encountered in porous formations of some western mines. An adequate pumping plant is the sole 
safeguard. Grouting in advance of sinking may be done through bore holes surrounding proposed 
shaft location; or during sinking through radiating drill holes; or subsequently behind shaft lining 
of steel, brick, stone or concrete (Sec 7, 8). 

In case of fissured or broken ground the flow may be reduced and sometimoe entirely cut off 
by cement grouting under pressure through bore holes, or by the Kirby (patented) process, consist- 
ing of injection through drill holes or into partly-plugged cracks of chopped straw, sawdust or other 
finely divided material, followed by clay, slimes or mud (first used at the Flat River, Mo, mines of 
Federal Lead Co, where it practically stopped the flow from a network of fissures previously 
unconquerable). 

Sometimes, when water pressure in cracks or fissures is so great that plugging in preparation for 
grouting or mudding only results in spreading the water through considerable areas of fractured or 
permeable rock, the pressure may be relieved by drilling diagonal holes into the cracks, and plugging 
and grouting cracks, after which the drill holes which have taken the flow temporarily are perma- 
nently closed. 

Tapping underground reservoirs. When approaching suspected bodies of water under 
pressure, bore holes should be kept in advance of the face, and bored m such manner as to 
permit withdrawal of drill rods and closing of hole when water is encountered. One hole 
(better 2 holes) should be bored straight ahead of face, 10 to 20 ft in hard rock, 76 to 100 ft 
in soft rpck or bituminous coal. Other holes, of about same depth, should be drilled 
obliquely forward (about 30° from center line) at intervals of 8 to 12 ft. If water be 
tapp^ unexpectedly, insert a dry soft-wood plug of diam small enough to enter freely; 
push to bottom of hole, and hold there by a rod or pipe of suitable length, and a larger 
plug driven into neck of hole. In several hours the inner plug will have swollen tight, 
when outer plug can be removed; then enlarge outer 5 or 6 ft of hole. To a piece of 
heavy pipe screw a sleeve coupling at one end and a straight-way gate valve at other. 
Insert coupling end into enlarged hole, and wedge with oakum and dry soft-wood wedges; 
also brace outer end of pipe against timbering, if pressure be great. Insert drill through 
gate valve, bore through inner plug, withdraw drill, and regulate flow of water by gate 
valve. If position of water body be known with certainty, the above preparations can 
be made in advance, and boring finished througli a stuffing bo.x attached to end of valve. 

Water rings. If complete waterproofing of a shaft be too costly, water rings may Ixi 
built into the lining, to lead water entering above them into sumps excavated in sides of 
shaft, whence it may be pumped to surface, saving a material vertical lift, or piped down 
the shaft, and power thus obtained utilized. Such rings and intermediate sumps are 
especially desirable for very deep shafts, where pumping is done in two or more lifts, the 
intermediate sumps then serving for upper pumps. 

Chain pillars. In deposits opened by drift or tunnel, and later worked below water 
level, a chain pillar sufficient to retain permanently all surface water should be left on the 
water level. Openings to dip are so arranged that water can lx? led past them and out 
through tunnel. A chain pillar ties up part of the minerad, which, however, is recoverable 
before final abandonment of the propierty, and by reducing pumping throughout life of 
mine may pay for itself many times over. 

3. SUMPS, UNDERGROUND DAMS, BOREHOLES AND PIPING 

Drainage levels. In general, water should be intercepted at as high a point in the 
workings as possible, to avoid unnecessary height of pumping lift. But this principle is 
modified by considerations as to the best points for locating sumps and installing pumping 
plant, even at cost of increasing the head for a portion of the water. Tho mam colloctnm 
point should be determined early in the development of a mine, and all ofienings driven 
from it should have a grade of at least 0.25% (0 6% being sometimes atlopUnl, to make 
haulage resistance nearly equal for both empty and loaded cars. See Hoc 11). Water 
ditches, excavated below or on one side of track, in entries, drifts or tunnels, should l)o 
kept clean and open. If main drainage levels are in broken or fissured ground, ditches 
should be lined with concrete; or wooden flumes, half-round terra cotta tiles, or oven pipe, 
may be used, to prevent water from percolating into lower workings. 

For proper drainage, chain pillars should be maintained as long as possible under drainage levels. 
An exception is where exhausted workings may be allowed to fill with water without detriment to 
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the mine, aa in email local baeine in a flat deposit. Worldngs in wet ground should not be extended 
to the dip, if this would require installation of a number of small, scattered pumiM. In such case, 
water may sometimes be drained off through bore holes to the lower workings. By similar means, 
water troubles may be avoided in sinking shafts and winses. 

Size of sump is chiefly dependent upon quantity of inflow. It should be large enough 
to take care of inflow while pumps are stopped for ordinary repairs. A sump capacity of 



WoW PluK 

Vert Sec Plan 

Fig 3. Details of Underground Dam, Hasleton Shaft Colliery 

by working out an area of the deposit to the dip, adjacent to shaft station, leaving chain 
pillais to iM)laU> sump from lower workings. Sumps should be arranged so that they can 
be easily cleaned out. 

In pitching deposits, where several veins are worked, the sump is sometimes placed in main 
workings and pumps in an overlying or underlying vein, the two being connected on main level by 
a tunnel closed by a dam (Fig 8). The pipe from dam to pump has a shut-off valve, so that if 
necessary, main workings can be flooded to considerable depths without affecting operation of 
pumps. 

I— 3» 
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Fig 2 shows a well designed sump at Lansford No 6 mine, Lehigh Navigation Coal Co. There 
are two centrifugal pumps, each of 2 000 gal per min, and 2 sumps holding 118 000 and 114 000 gal. 
The sumps are connected, to maintain same water level in both; this is important, as the pumps 
operate automatically, and are started and stopped by Boat switches. Switches are so arranged 
that when pump No 1 can not alone handle the inflow, pump No 2 starts automatically. 



Fig 4. Emergency Flood Dam (for 45*ft Head), Lehigh Nav Coal Co, Tamaqua, Pa 
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For cleaning one sump, the connecting tunnel is closed and all water from the main tunnel 
diverted to the other sump. The sump to be cleaned is then pumped out as far as practicabl#* with 
the main pump, the rest being removed with a small plunger pump. The sediment removed ic 
loaded into mine cars, and pulled out by a motor through the rock slope. Low-water level in the 
sump should be not more than 20 ft below center line of pump, and end of suction pipe not leas thar 
2 ft from bottom of sump. 

Underground dams (4' 

must often hold wat^i 
under heavy heads, aiu 
should Ixj backed by ma 
sonry, calculated to rejsisi 
max possible head of 
ter. They are usually o 
brick or concrete (Fig 'L 
Solid abutments are esson 
tial; all soft adjaceni 
material must lie cut awa^ 
to insure against hodih 
movement of the dam 
Manholes of am]>l( 
strength must be providw 
to drain off water am 
permit entrance and in 

III lui III nil 

bulkheaded, with a claj 
core may be used in ca 8 < 
of emergency. Fig 4 ant 
5 show steel emergence 
dams which can be readib 
closed in times of higl 
water. A flat rublier 1 / 4 -ii 
gasket, between frame am 
door, provides an effectiv 
seal. 

As mine dams are sub 
ject to heavy strains, thei 
strength is a vital matter and careful calculations are necessary. The following formul 
is for arch dams (Fig 3) : 


U^H-bcam. «S lb 





Fig 6. Emergency Flood Dam, 35-ft Head 
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in which: t * thickness, in; r shorter or external radijis, in; w — width of opening or 
span, in; p * maximum water pressure, lb per sq in; s ■■ safe compressive strength of 
material used, lb per sq in; factor of safety, not less than 8. 

A. Faulds gives (4), quoting W. S. Aldis, using same notation, but with factor of 


safety 10: 


t 


• ^1 — *^1 — for arch dams; < * r — *^1 — spherical dams, 

ors — and must be less than unity, or proposed material will be too weak. 


Factors 

8 8 

A straight or flat concrete dam, necessary where strata will not safely stand thrust of 
an arch dam, is practically a plate supported on 4 sides, a condition requiring an intricate 
calculation. For such a plate tests have shown an increase in strength of fully one third 
over that of a beam supported at both ends. It is safe to calculate a straight dam as a 
beam having its shortest length loaded uniformly and supported at both ends, using the 
formula: 

8 * whence, d ■ 

2 oar 


in which: « — unit stress in extreme fibers; h « breadth, in; d * thickness, in; w » total 
load, lb; i length, in. In this case the strength of plain concrete in tension should be 
taken at not over 50 lb per sq in, whence for a dam with span of 7 ft (*«84 in), built to 
withstand 500 ft head (*» 216.6 lb per sq in): 

V io 208 ^ 84 

— — «* 126 in 

A X 


A saving in material can be made by building a flat dam of reinforced concrete. 

If the rock formation be of doubtful strength to stand direct thrust of either arched or flat dam, 
a larger surface of abutment 
may be obtained by stepping the 
notches (Fig 5). In a large 
Schuylkill County, Penn, col- 
liery, a special method w'os 
employed (Fig 7) to drown out 
a fire in upper levels without 




Fig 7. Series of Dams, with Counterbalanced Pressures 


complete flooding. As the pillars were not considered safe to support the pressure which would 
be brought on the lower dams, these were relieved by flooding behind auxiliary dams, thus build- 
ing up a series of counterbalanced pressures. Hence the coal in each pillar took no more pres- 
sure than that due to a single lift on any one dam. Fig 8 show's an underground dam and pump- 
ing plant in the Haslcton Shaft nunc, Lehigh Valley Coal Co. 



Pumping through boreholes is a common practice in both coal and metal mines, 
the pump delivering directly into holes drilled from surface to mine workings (33). In 
weak strata the holes are lined with W-I pipe, around which rich cement mortar is poured. 
If the water is very acid the pipe should be wood-lined, or the boreholes lined with terra- 
cotta piping. In hard rock no lining is necessary. 
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By using boreholes the pumping plant can be located to suit the position and shape of the min 
openings. They often reduce the lift, save cost of providing space for and installing column pipi 
and avoid possibility of damage to mine workings from broken column pipe. Boreholes are 8-24 i 
diam. drilled by churn or shot drill (Sec 9). Objections to them are the possibility that the hole 
will be closed by caving or settlement of the strata and the diflUculty of renewing worn out pip 
lining. In water-bearing, porous strata, boreholes with use of air-lift pumping have successful! 
lowered water levels in advance of sinking. 
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Boreholes are sometimes used for dropping water from an upper to a lower leve 
Quantity of water discharged can be determined from a friction chart (Fig 9). If thei 
were no pipe friction, the water would_,flow through borehole with increasing speed an 
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be discharged at a veloo P 2gH, where H is the vert distance between upper and 
lower basin. Pipe friction retards flow, which becomes uniform when the total friction 
in borehole equals the head H ; that is, when the friction becomes 100 ft for every 100 ft 
of borehole. The capacities causing a friction loss of 100 ft per 100 ft of pipe can be 
taken from the chart. 

Example. A vert borehole 3 in diam will discharge approx 500 gal per min, and a 6-in hole, 
3 000 gal per min, regardless of their length, providing there is a sufficient head of water over the 
inlet to produce the veloc required in the pipe and that the borehole is smooth (37). 

For a sloping hole or pipe 3 in diam, 100 ft 
long, on a grade of 1 in 10, the effective head is 
100 divided by 10, or 10 ft. The friction loss per 
100 ft of borehole or pipe can not, therefore, be 
more than 10 ft, corresponding to a max flow of 
approx 150 gal per min. (See Sec 38.) 

Pump piping. Suction pipe should be short 
as possible, with few bends and should dip directly 
into the water (Fig 20, Art 11), so that it can be 
raised from the sump by the crane which should be 
installed in every pump room. Suction piping 
must not be wood-lined, as the staves may become 
loose and block the strainer. For acid water, it is 
cement-lined, by a mixture of 1 part finely sieved 
Portland cement and 2 parts sharp silica sand, 
apphed by a long handle trowel, to form a layer 
about 0.5 m thick; after which, both ends of the 
pipe are closed with damp canvas to keep out the Fig 10. Mode of Supporting Column Pipe in 
air until cement has set. If wet cement is exposed Snaft 

to air it will crack. Good cement linings should 

last for years. Discharge piping must be well supported and braced, so that any water hammer 
caused by closing of the check valve is not transmitted to the pump. Fig 10 shows proper method 
of supporting column pipe in the shaft. Sue of column pipe should be calculated to minimise 
friction bead; increased power due to frictional resistance may cost more than the larger piping. 



Fig 11. “Go-Devil” and Housing, for Cleaning Column Pipes 


As elbows increase resistance, they should be of long radius. Always use Y branches with long 
bends; avoid tete. C-I flanged pipe is generally in 10- or 12-ft lengths, without male and female 
joints, as these are troublesome when piping is renewed. Present practice leans to straight flanges, 
with concentric V-groov«9 to retain the gasket. A W-I ring, V8“V4 in by 1 in wide, wrapped with 
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tarred hemp, makes a good gasket. Composition fiber gaskets have also been successful. Minor 
bends in piping may be made with bevel-ring joints (either the iron-ring built-up gasket, or the 
composition fiber gasket), thus avoiding necessity for lengths of special curved pipe. Column pipe, 
not otherwise protected, should be coated inside and out by hot asphalt or tar. 

Linings for acid water (31, 32). Cement lining for suction piping is satisfactory; lead lining is 
good, but wears rapidly in gritty water; wood hning is cheap and simple, with excellent wearing 
and acid-resisting qualities. Wood lining is best of narrow, sawed strips with radial joints, driven 
dry and swelled with pure water; strips should not be planed, because sawed surfaces, when swelled, 
interlock and form better joints. For pipes to 8 in diam, liners 0.5 in thick are ample, S/g-in strips 
are sometimes used, for 8 to 14-in pipe, 0.75-in liners are sufficient; for over 14 in, usually 1 in. 

When column pipes become blocked with incrustations, the sections are disconnected and 
cleaned by hand, or a cleaner is drawn through the entire line to cut loose the scale. There arc 
various types of cleaners. The “ Go-Devil,” a wooden ball with a large number of spikes driven 
into it and protruding 1 to ll/j in, is generally used in the anthracite region for removing ” Yellow- 
Boy ” (FeS 2 ). The balls are sometimes of stainless steel, with spikes or knives welded onto them. 
As incrustations increase pipe friction and consequently the pumping head, resulting in decreased 
capac and effic, pipe lines should be cleaned at regular intervals. ” Go-Devil ” housings (Fig 11) 
permit introduction of the ball into the pipe line while the pump is in operation. The ball is placed 
in the upper chamber, and the by-pass is opened, equalizing the pressure on both sides of the flap. 
The flap is then lowered, the ball falls into the column line and the pump pressure drives it through 
to the surface. 


4. DRAINAGE TUNNELS 

These are advantageous where location and topography permit. Though first cost is 
large, the elimination of pumping charges and freedom from possibility of flooding the mine, 
due either to accident to pumps or power plant, or to lalxir troubles, may warrant the 
investment. In most cases, local conditions are such that only the upper levels of a mine 
can thus be unwatered by gravity. When workings extend below tunnel level, pumps 
must be installed. But, drainage tunnels still have the advantage of saving cost of rais- 
ing the entire volume of water through a height equal to distance below surface at which 
tunnel intersects deposit. An estimate of length of tunnel justified in comparison with a 
pumping plant must be made with careful consideration of: cost of driving, maximum 
quantity of water possible for short periods, and height of lift for which the pumps and 
power plant must be designed. 

Coat of drainage tunnels, and their design, cross-sectional dimensions and speed of 
driving under different conditions, are given in detail in Sec 6. 

Should the tunnel serve also for haulage and ventilation, all of its cost is not chargeable to 
drainage. To justify driving a tunnel for drainage only, the interest on first cost, plus annual 
allowance for amortization, must be less than operating expense of pumping, plus allowance for 
amortization of pumps and power plant. The amortization allowance must be based on a con- 
servative estimate of life of mine. If a tunnel replaces a pumping plant, the final value of plant is 
its second-hand, or its scrap value, less cost of removal. 


6. SIPHONS 


Siphons have a limited use as adjuncts of main drainage systems, in conveying water 
from one part of a mine to another; for example, from a place which, though higher than 
main sump, is separated from it by still higher intervening ground. A siphon will work 

only when highest point of pipe is less than 
34 ft above water level at inlet end. Joints 
must be tight, because leakage and presence 
of entrained air reduce practical limit of suc- 
tion height, and siphons are unsatisfactory 
when a (Fig 12) exceeds, say, 20 ft. The 
working height is proixjrtionately less at alti- 
tudes above sea level. The longer or dis- 
charge leg of the siphon must fall through a 
greater height than the short leg, or draft pipe. 
The difference between these heights is the effective head, h, which causes flow and over- 
comes pipe friction. If the pipe friction were zero, the water would run down the dis- 
charge pipe at increasing veloc, and have a veloc at the outlet of F » 2gff. The pipe 
friction retards the flow and the chart (Fig 9) should be used for calculating siphons. 



Fig 12. Diagram of Siphon 


Example. For azipbon of 2 in diam, 200 ft long, with a ■■ 10 ft and 6 «■ 18 ft, the effective head 
H h — a » 8 ft. The friction loss in 200 ft of 2-in pipe, therefore, can not exceed 8 ft, or 4 ft per 
100 ft, which, according to the chart, corresponds to a flow of approx 30 gal per min. Actual flow is 
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20% to 40% less, depending on losses at entrance and in bends, and leakage of air into the draft 
pipe. To charge the siphon for starting, a short stand-pipe is placed at the summit and gate valves 
at each end of the pipe. The discharge valve is used 
to regulate the flow if the discharge veloc becomes so 
great that a vacuum forms at the crown of the siphon. 


6. HOISTING WATER IN TANKS 


Water hoisting, though less economical than 
pumping with electric or centrifugal pumps, is 
useful for unwatering flooded mines. For this 
emergency service it usually replaces the hoisting 
of ore or coal, which presumably can not be 
raised while hoisting water. The mineral hoist of 
a shaft subject to sudden inrushes of water 
should be convertible to a water hoist in the 
least possible time. A water tank is designed 
either to be attached under each cage or is put 
on in its place. The shaft should extend at 
least 30 ft below the bottom level, at which 
there is a platform with doors (Fig 13). When 
water is to be hoisted the doors are removed, 
thus allowing the tank to be lowered into 
the sump. The false bottom should be tight, 
so that solid matter can not enter, the sump. A 
small pump should be installed to pump out the 
sump occasionally. 

Readers desiring further information regarding 
water hoisting by tanka are referred to the previous editions of this book, in which full details of the 
tanks are given, with costs. See also Bib 27, 28. 


7. STEAM PUMPS (4-7) 

Current practice tends toward complete electrification of mines. Steam pumps are 
now rarely installed, most of them having been replaced by centrifugals. But, at mines 
where there is an excess of boiler fuel and pump and boiler plant are in good condition, 
it is advisable to maintain stesun pumps. If the boiler plant is near the pumproom, and 
pumps are of compound condensing type, pumping cost compares favorably with that of 
the best motor-driven centrifugals. New steam-driven units are generally centrifugals, 
driven by steam turbines, with or without spieed reduction gearing. Their advantage 
over motor drive is that speed can be regulated and capac adjusted to inflow, but they 
can not be operated safely without an attendant; a decided disadvantage. See Sec 40 
for details of pumps and their design. 


8. COMPRESSED-AIR DRIVEN PUMPS (see Sec 15) (20) 

Though pumping by compressed air is less efficient than by steam or electricity, its use 
is sometimes warranted : (a) in gassy collieries, where electricity is dangerous, and pumps 
are too far from boiler plant for economical stecun transmission; (b) in mines where heat 
from steam pipes is objectionable, or heat combined with moisture would injure roof rock; 
(c) where there is no electric plant and amount of current required would not warrant an 
installation. It is common to use compressed air in pumps built for steam, and in cylinders 
not properly proportioned for the pressure employed. Under these conditions it is rare 
that more than 20% of indicated power at compressor is represented by actual water 
pumped; with reheated air, the efficiency may rise to about 30%. The chief difficulties 
are, that ordinary direct-acting pumps fail to make full stroke, and their clearance volume 
is too great for compressed-air operation. Better results are obtainable from larger fly- 
wheel pumps, designed for the sor\dce. In absence of reheating, trouble from freesing in 
exhaust ports may be minimised by use of separators and traps in air lines close to the 
pumps, and by directing a small stream of water, taken under column-pipe pressure, into 
the exhaust passages below the valves. 




Fig 13. Platform at Bottom Level, No 4 
^aft, Lansford Mine (L Nav C Co) 
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9. AIR-LIFT PUMPS (see Sec 16) (Bib, 19-24) 

Details are omitted here, as the construction and operation of air-lifts are treated at 
length in Sec 15, wherein are given also examples embodying results obtained from a 
number of mine installations. Efficiency is low, rarely exceeding 45% and often much 
smaller; but this defect is offset by their efficacy under certain conditions, especially for 
pumping out flooded shafts and mines. 


10. ELECTRICALLY-DRIVEN PUMPS (see also Sec 16, 40) 


Electric pumps comprise station pumps, and portable pumps used for gathering pur- 
poses. Station pumps are generally centrifugals, recent installations having automatic 
control for starting and stopping. They can be operated safely without an attendant and 
great savings are thus possible. Plunger pumps must have an attendant, as there is 
always danger that solid matter will lodge on the valve seats, causing slippage and water- 
hammer, and broken pipes or valve chambers. Plunger pumps are used only when small 
volumes are pumped against very high heads; for instance, 100 gal per mm against 800 ft. 




Fig 15. Characteristic Curves of a 
Centrifugal Pump 


This condition would require a high-speed centrifugal, with 6 or more stages and high 
upkeep cost, especially when the water is acidulous. High upkeep would be somewhat 
offset by saving in first cost and maintenance of the column pipe, due to the smooth, non- 
pulsating discharge from a centrifugal pump. Actual figures are lacking, but practice 
proves that these savings are considerable. 

Centrifugal pumps. Operating conditions differ entirely from those of plunger pumps. 
When the discharge pressure of a plunger pump is reduced, the power required falls off; 
when the head on a centrifugal is reduced, the power increases. The delivery volume of a 
plunger pump running at constant speed is invariable, regardless of the lift; whereas a 
centrifugal at constant speed delivers more water at low heads than at high (14, 15). 

Performance. Water entering a centrifugal pump is set in rotation by the impellers 
and issues at the periphery at high veloc. This veloe is gradually reduced in the pump 
casing and converted into pressure, which in turn overcomes the resistance in the column 
pipe. Obviously, the volume delivered increases as resistance decreases. The high veloc 
at which the water leaves the impeller should be reduced in the casing gradually, without 
shock, and transformed into press with minimum loss. This is effected in a volute casing, 
or in one having a diffusion ring between impeller and outer casing. Volute casings 
are the rule for single-stage pumps, and are common also for multi-stage pumps, especially 
when the water is acid. To obtain high effic in a diffusion-ring pump, the tips of the 
diffusion vanes must be rather thin, so that acid water soon destroys them. The volute 
pump has higher effic over a wider range than diffusion-ring pumps. Fig 14 shows the 
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approx performance of volute pumps. If the head and capac at which a pump is most 
efficient be taken as unity, by increasing the head 16%, the capac decreases about 40%, 
power decreases 24%, and effic is reduced 9%. If the head decreases 12%, the capac 
increases 20%, power increases 10%, while effic decreases 4%. An average pump will 
deliver no water whatever against a head approx 20% higher than that at which the pump 
shows its best effic. 


Centrifugals are usually driven by constant-speed motors. If driven by variable-speed motors, 
it should be noted that the capac increases or decreases directly as the speed. Head increases or 



Fig 16. Two 400-hp Hasleton Sinking Pumps, on Cage. (Barrett, Haentjens & Co, Hadeton, Pa) 


decreases as the square of this ratio, the hp increasing or decreasing as the third power. Thus, 
if a pump driven by a 1 200-rpm motor, delivering 1 000 gal against 100 ft head, and requiring 35 
hp, were connected to an 1 800-rpm motor, the results would be: capac, (1 800 -i- 1 200) X 1 000 
» 1 600 gal per min; head, (1 800 -h 1 200)2 x 100 - 226 ft; power required, (1 800 1 200)» X 

35 - 118 hp. 

Before changing speed of a centrifugal pump, the maker should be consulted. Performance 
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curves of different makes vary. If a centrifugal is to work against a fixed heady as in case of a 
station pump, the shape of the head oapao curve and the efific curve are of little importance, and the 
pump giving highest effic for the specified conditions should be selected. But, if the pump be used 
for unwatering purposes, or if it may be used in different locations imderground, that pump 
should be selected which gives good effic over a wide range, and does not overload the motor 
to a dangerous point when the head is reduced. Fig 15 shows the characteristic curves of a 
pump with effic of 70% and over, for any condition between 700 gal per min against 120 ft 
head and 1 600 gal against 80 ft head. Max effic occurs when delivering 1 200 gal against 105 
ft head. 

Single-stage centrifugal pumps can be built for heads up to 600 or 700 ft, but this 
involves very high speeds. For mine service the head is limited, as a rule, to about 250 ft, 
and such heads are recommended only if the water is clean and not acid. In general, 
the head per stage should be limited to approx 100 ft for acid water. Single-stage pumps 
are usually of the double-suction volute t 3 T)e. Water enters the impeller from both sides, 
eliminating end thrust. A thrust bearing should, however, be provided, and insisted 
upon for large-diam impellers. 

Multi-stage centrifugal pumps are balanced by opposing the impellers, so that the 
thrust of one impeller is counterbalanced by the thrust of the next. If they are balanced 
by a balancing disk, the latter relieves the discharge stuffing box of the high press, and 
puts it under suction press; a great advantage with high heads. These disks are gen- 
erally used for fresh water pumps, but are not recom- 
mended for very gritty or acid water, which soon cuts 
out the disk faces. 

Centrifugal pumps are now used almost exclusively 
for unwatering flooded mines. Single-stage pumps 
driven by high-speed motors are mounted on tnicks, 
and have large capac. To facilitate moving these 
pumps, it is advisable to use a metal -stiffened rubber 
suction hose, with 10-15 ft of ordinary hose on dis- 
charge side. A strainer basket should be attached to 
the end of the suction hose, and a check valve on the 
discharge hose, so that water hammer can not burst 
the hose. Workings that were considered hopelessly 
lost years ago, have been pumped out with high-speed 
centrifugals at relatively low cost. 

Floods in 1936 inundated many coal mines, forcing them 
to shut down. To return thousands of men to work, the 
State of Penn agreed to assist in de-watering mines by paying 
for pumps, pipes and power, but not for labor. The volume 
of flood water to be handled in the Wyoming Valley was 
estimated at 8 to 18 billion gal, and the state purchased 18 
Hazleton sinking pumps. They were of the single-stage, 
double-suction type, capable of delivering 4 000 gal per min, 
against 350 ft head; driven by 400-hp, 4 000-volt, S-phase, 
60-cycle line-start motors, running at 1 750 rpm. The units 
can be installed either vertically or horizontally and are 
operated without being bolted down or secured by props, as 
there is no vibration. The impellers are non-overloading, 
and the switch can be thrown in regardless of the head. Fig 
16 shows two of these pumps mounted vertically on a cage. 

In the Uniontown Bituminous Basin, approx 3 billion gal 
were impounded. The State purchased 3 Deep-well Turbine 
pumps, each having a capac of 4 000 gal per miu, against a 
head of 450 ft, and driven by 700 hp, 1 160 rpm, 2 300- 
volt, 3-pha8e, 60-cycle motors, with reduced voltage starters. 
Each pump required approx 420 ft of 4-in shafting, running 
in a 6-in enclosing tube and guided by 85 bearings, which 
also acted os couplings for the tube. The shaft, with enclos- 
ing tube, was placed inside the 20-in column pipe, at the end of which the O-stage pump was 
mounted. The whole assembly was hung in the shaft and supported by steel beams extending 
across top of shaft. The entire 20-in column pipe was vulcanized on the inside with rubber 
compound, and the tube enclosing the shaft was vulcanized on „the outside to protect against 
corrosion. 
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11. PUMP ROOMS 

Fig 20 shows an up-to-date pump room, containing 3 4-stage centrifugal pumps, each 
of 2 000 gal per min, against a head of 800 ft. The pumps work automatically, requiring 
no attendance. 

This pump room is provided with an 8-ton traveling crane, to facilitate repairs. The suction 
pipes drop directly into the sump, and can be lifted out by the crane. Each pump has 2 strainers, 
one near the pump, the other (a “ basket ”) at end of suction pipe. The basket strainers have 
liberal openings, but must prevent large floating objects from entering the intake. Each pump has 
a check valve, and there is another check valve in the discharge line. There are also 3 priming 
pumps of the dry vacuum type (Art 12), each of a capac of 50 cu ft per min. 



Foundations. For station pumps, solid concrete foundations are w'ell worth while. They 
should be true, of good materials, and only one end of pump bed-frame should be bolted down, the 
other being left free, to allow for expansion. 

Gathering pumps, designed to be moved frequently from place to place, are preferably 
of the self-priming centrifugal typo. Generally, the types capable of pumping continu- 
ously a mixture of air and water are less eflSo and more subject to wear than those pump- 
ing water only. 

The La Bour pump (Fig 17) is primed by trapping water within the pump and utilising the 
vcloo of expulsion of pockets of water discharged by the impeller, which entrain air and carry it out 
of the casing. The pump can handle a mixture of air and water, and draw from several sumps 
simultaneously. 

In the Hasleton Station pump (Fig 18) air is trapped in a vessel connected to the suction line, 
and pushed directly into the discharge line by a return flow of water caused by stopping the 
pump. Repeated starts and stops, made automatically, may be required to prime the pump i! 
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suction line is long. This pump handles water only and can draw from onc' sump only. It is 
started by an electrode (Fig 19), which is suspended over the ditch. When water reaches its high 
level, contact through the water is established between the electrode and its casing, whereupon the 



Fig 19. Electrode for Starting Hazleton Pump 


pump starts, and runs until the water is pumped down and air enters the suction line. Then the 
pump stands idle until the ditch has filled again. Power consumption and wear are thus kept at 
a minimum. 


12. CHECK VALVES AND STRAINERS 

Check valves should be carefully selected, since their failure may min the pump. 
They are of the single-flap or multiple-flap type. Experience shows that when a single- 
flap valve is liberally proportioned it will close without shock. Its construction should 
be simple and all parts exceptionally heavy, as indicated in Fig 21. Noisy seating of a 
check valve is sometimes caused by breaking (or separating) of the water column in the 
discharge pipe, when the pump is being shut down. As momentum keeps the water 
moving in the discharge faster than the pump delivers, the column is broken, resulting 



18st6ftB90ft 



Fig 20. Pumping Station, 5th Level. No 12 Slope, Greenwood Colliery, Lehigh Navigation Coal Co, Lansford, Pa 
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in a water hammer when the flow is reversed. This can be averted by slowing down the 
motor before cutting off the current entirely. If the motor is of the slip>ring type, a 



speed reduction of about 10% can be effected, reducing the capac of the pump more than 
60%; and if the motor runs for approx 15 seconds at this lower speed the flow in the 

column pipe will usually be reduced enough to 
eliminate water hammer. 

Strainers. A screen should be placed at 
end of suction line, or in the ditch feeding the 
sump, to prevent large pieces of wood from 
entering the pump. A strainer should be 
installed near the pump, in an easily acces- 
sible place, to catch smaller foreign matter 
which has passed through the screen, and 
which would block the impeller passages. The 
strainer should not form an air pocket; the free 
area of the screen should be approx 4 times 
as large as the area of suction pipe, and the 
direction of the flow through the strainer 
should change only slightly, to avoid disturb- 
ance and friction loss. 



Fig 22 shows a large capacity (7 000 gal per 
min), streamlined strainer in which air, separating 
in upper part of strainer, is automatically with- 
drawn. Fig 23 shows a small capacity strainer of 
simple and effic construction. Large particles of 
foreign matter drop into the dirt catcher; the 
screen and dirt catcher can readily be removed. 
Strainers should be inspected and cleaned at 
regular intervals, to keep frictional resistance at 
a minimum. Frictional resistance increases the 
suction lift, which in turn decreases the capac and effio of the pump. 
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18. AUTOMATIC OPERATION OF CENTRIFUGAL PUMPS 

This is rapidly coming into use, and has been so perfected that the largest units can be 
run with absolute safety without an attendant. !l^mp runners’ wages are thus saved. 
Automatically controlled pumps keep the water in the sump at a predetermined level; 
they are protected against accidents caused by loss of water due to air leaks in the suction 
line, or to choked strainers, and stop automatically in case of breakage of the column. 



Fig 24 Arrangement of Primer and Accessories for Automatic Control of Centrifugal Pump, 

with Diagram of Wiring 



Fig 25. Centrifugal Pump with Suction-line Primer 


Priming centrifugal pumps. There are 3 methods: (a) installing a foot valve and 
filling the suction pipe and pump casing with water from the discharge column; (6) using 
a vacuum pump, or other means of exhausting air from the suction line and pump casing, 
and filling them with water from the sump; (c) providing a head on the suction, when a 
pump takes water from a dam. Foot valves are widely used for small pumps, but are not 
reliable, ns they are apt to leak and wear out rapidly in acid water. A pump with a foot 
valve will operate automatically with safety, but often fails to start when the valve 
becomes leaky. Hence, foot valves are not recommended for mine service. 

A priming-pump is used for most centrifugals. It is started by a switch operated 
by a float m the sump, and exhausts the air from the centrifugal, thus drawing water from 
the sump through the suction pipe and pump casing, and thence through a valve into a 
priming chamlwr, which contains a float. When water enters the chamber, the float 
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rises and closes the priming switch, which starts the centrifugal pump motor. The motor 
having been accelerated a contact is automatically opened, stopping the priming pump. 
When the centrifugal begins to run, the priming valve is closed by the pressure from the 
pump, the water from the priming chamber drains out, and the priming switch opens. 
Protective devices are shunted around the priming switch, and the current flows through 
them when the switch is open. These devices consist of a vacuum regulator, which opens 

the circuit if the vacuum exceeds a pre- 



determined value, and a pressure regu- 
lator, opening the circuit when the 
pressure in the discharge line falls below 
a predetermined pressure. Fig 24 shows 
arrangement of pumps and accessories, 
and the elementary wiring diagram. 

Pumps with capac not exceeding 1 500 
gal per min, and working against a head 
of not more than 250 ft, can be made to 
work automatically by installing a suction- 
line pnmer close to the pump (Fig 25). The 
primer, shown in Fig 26p combines in 
one casting a strainer, check valve seat, 
and air-removing device. To prime the 
pump, the priming chamber is filled with 
water and the pump started. It draws the 
water from the priming tank, and in doing 
so creates a vacuum in the tank and suc- 
tion line, which causes water to rise in the 
suction line and flow through the check 
valve into the passage leading to the pump 
inlet, whence it is pumped into the discharge 
line. The air filling the tank is drawn 
through eductors into the stream and 
forced into the discharge line. Repeated 
starts and stops may be required to prime 
a long suction line Starting and stopping 
may be automatically controlled by an 
electrode fitted in the tank. 


Fig 26 Suction-line Primer Priming-pumps may be either wet 

or dry. Wet priming-pumps are in 


common use, but the water must be clean and free of acid. Dry pnming-pumps require 
less power. A trap must be interposed, to prevent the water from entering the cylinder; 
a barometric loop serves the same purpose. The most effic trap, widely used with 



Fig 27. Automatic Control of a Centrifugal Pump Taking Water from a Dam 


pumps handling acid water, is a chamber in which a float operates an air valve. This 
valve opens when the water enters the chamber, causing the vacuum to break, thus 
venting water from entering the pump. The chamber is placed above the pump and 
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connected to top of the casing of a single-stage pump, or to top of the first stage of a 
multi-stage pump. The remaining stages need not be primed. 

When a centrifugal takes water from a dam (Fig 27), no priming is required. As the water rises 
behind the dam, it also rises in the suction line and pump casing, and raises the float in the priming 
chamber, thus closing the priming switch and starting the pump. The protective devices are 
shunted as described above. The pump is stopped by the vacuum regulator switch, which opens 
when the water behind the dam has receded to the low level. 


14. NEUTRALIZING ACID MINE WATER (30) 

Acid water is sometimes neutralized before pumping, thus avoiding damage to pumps 
and column pipe. In many mines the quantity of water is so great that it can not be 
economically neutralized before pumping. Sometimes part of the water used for the 
preparation of coal is neutralized to prevent rapid wear of the breaker equipment. 

A computation baaed on actual conditions is necessary to determine the advisability of this 
procedure, dependent as it is on character and quantity of water, type and cost of pumping plant, 
and price of the alkali reqmred. Milk of lime may be added to sump water in measured quantity 
at regular intervals, as in coal mines and in metal mines at Butte, Mont, and elsewhere. 
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MINE VENTILATION 


This section treats of the natural and artificial circulation of air currents in mines and tunnels. 
For composition and properties of mine air, and physiological effects of its impurities and variations 
in physical conditions, see Sec 23. 

1. MINE ATMOSPHERE 

Ventilation of mines is a form of air conditioning by distribution of air currents in under- 
ground openings, in quantities suflBicient to maintain working places in safe and healthful 
condition ; it is most elaborately developed in coal mines, because of occurrence of explosive 
gas and dust. In metal mines it is confined largely to combating effect of high air temp on 
effic of miners, and effect of rock dusts on health. 

Mine air may contain a number of impurities, in addition to normal constituents, and 
may absorb water vapor and heat in passing through workings (Sec 23, Art 1-4). Major 
impurities: (a) smoke and gases from blasting; (b) gases from the strata; (c) dust from 
mining operations. Open lights, breathing of men and animals, and chemical oxidation 
consume O, and (except oxidation of sulphides) produce CO 2 . Minor sources of gaseous 
impurities are: rotting timber, excretions of men and animals, and smouldering mine fires. 

Gases from explosives are dangerous mainly on account of CO, which seldom exceeds 
0.3 cu ft per lb of explosive, but is variable and dependent on the oxygen-combustible 
balance. Gases from strata are most important in coal mines, with CH4, CO2, and HjS 
in order of occurrence. CO2 is often found in metal mines, CH4 and H2S larely. Smoul- 
dering mine fires may produce CO. Dust in coal mines (other than anthracite) is explo- 
sive and therefore dangerous; in metal and anthiacite coal niine.s, it may bo a health 
hazard of importance. Mine air temp approximates that of the walls of air passages, 
and, as rock temp increases with depth, deep workings may have hot, high-humidity air 
conditions (Art 17, 18). Abundant ventilating ciiiTcnts, piopcrly distributed, reduce 
dangers of gases and dusts and alleviate discomfort due to high- temperature air. 

2. VENTILATING SYSTEMS 

Definition. Any set of connected underground openings and the forces and appli- 
ances that cause flow of air through them constitute a ventilating system. Every mine 
has its own system, taken as a whole; the similarities occur between separate parts of 
mines. Systems, controlled and uncontrolled natural and mechanical ventilation. 

Control of ventilating currents is reqmred for their effective use and protection of life and property 
in case of fire or explosion. Uncontrolled currents may produce good nir conditions; but lack of 
control, resulting in unknown conditions of recirculation, adds to natural hasard. Mechanical 
systems increase natural hazard from fire or explcMsion, by causing faster travel of gases. 

Uncontrolled natural ventilation. Most small metal mines, a few small coal mines, 
some large metal mines, and near-surface sections of some large coal mines, are ventilated 
by uncontrolled natural ventilation (Art 12). Where openings aie large and numerous, 
mines have reached great depths without intentional control of natural air flows. Above 
the lowest adit connection, mines in mountainous country are generally well ventilated 
by natural draft. 

Controlled natural ventilation. Air flow is often partly controlled by natural condi- 
tions, or intentionally. In shallow mines, the driving of openings to the surface at inter- 
vals 18 a form of control. Circulation can be improved and direction of flow controlled 
by doors and bulkheads (Art 12). In large mines on pitching veins, w^orkings should be 
divided into sections by barriers extending from surface to top of active zones; as in many 
Mich copper mines (63), where good natural ventilation exists at depths of 3 OOU-O OCX) ft 
vert and 4 000-9 000 ft on the dip, below a practically level surface. 

Mechanical ventilation. Where natural ventilation is inadequate, circulation is 
produced by fans (Art 13-16), as at most coal and large metal mines; they are always 
advisable, if only to provide reversible direction-of-flow for emergencies, and increased flow 
when the surface temp limits natural flow. In most metal mines, the chief objects of 
mechanical ventilation are to reduce high air temp in depth and rapidly remove the blasting 
fumes. Other objectives: better control of air currents in fire areas or for fire protection; 
dilution and removal of strata gases; reduction in amount of comp air used for air cooling; 
reduction of timber decay; and removal of rock dust 
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Application of medbanical ventilation. In bedded depositSt as coal, the outlines of the deposit 
usually are known, and layout of openings is planned in advance for effective ventilation. Most 
metal mines rely on natural draft until conditions demand more air and better distribution, as 
supplied by fans. A large multi-seam coal mine is often divided, between seams or at natural 
barriers, into separately- ventilated sections. A large metal mine is usually ventilated by 2 or more 
fans operating in parallel or senes on the same ventilating system, without division between circuits- 
Ventilation by one fan is desirable if it can be arranged economically. In planning a mechanical 
system, the main factors are volume of flow and effect of layout of openings on pressure requirements. 

Air quantity requirements (Sec 23, Art 6) for effective ventilation depend on conditions 
as to gas, dust and rock temp, and vary from 50 to 1 000 cu ft per min per man on largest 
underground shift employed. In practice, quantities are adjusted until the air in working 
places seems good. Usual criterions: movement of smoke after blasting in metal mining; 
presence or absence of gas accumulations in coal mines; and temp and humidity in hot 
mines. In some U S coal mines, air quality based on routine air analysis is the control 
used. Legal requirements for metal mines or tunnels in the U S are few; N Y regulates 
siliceous dust concentrations (24). Legal requirements for coal mines (26), based on 
number of men and animals underground and position of air measurement, are generally 
exceeded in practice. Abroad, there is a trend to requirements based on max permissible 
limits of impurities, temp and humidity (26). Minimum requirements in practice are 
about 30 cu ft per min (“ c f m ") per man and 3-5 times as much for a horse (12). For 
small metal mines, with long intervals between shifts, and blasting at end of shift only, 
60 c f m per man may be enough, but, with scattered working places and large openings, 
requirements approach 100 c f m, the general minimum for coal mines. Blasting during the 
shift, much timbering, production of gas from the strata or by oxidation, or moderately 
high temp, increase requirements 50-100 c f m per man. General requirements in under- 
cut-caving, where a veloc of about 100 ft per min ib required in grizzly drifts to permit 
intermittent blasting, are 200-300 c f m per man. Ext*ept under extreme gas or high- 
temp conditions, requirements seldom exceed 600 c f m per man, but may reach 1 000 (9). 
In Pa non-gaseous anthracite mines the limits are about 100-1 000 cfm; aver, about 
300 cfm per man. In Pa gaseous anthracite mines, the limits are about 300-1 000, aver 
500 cfm per man (27). In all mines, the quantities necessary for good air conditions are 
found by trial, but are subject to fiequent change. 

Total air circulated in gaseous mines often amounts to 10 tons air per ton coal mined; aver, 
about 6 to 1 (3). In Pa anthracite field, several nuues circulate over 1 000 000 cu ft per min; others 
there and elsewhere, 600 000-000 000 <27); but the aver large mine requires 60 000-260 000 cfm 
and fc\^ exceed 260 000. 

Reduction of normal air quantities during idle times, rare in metal mines, is sometimes prac- 
ticed at intermittently operated coal mines working fairly flat seams, saving much power at moderate 
sacrifice of safety; usually not practical on pitching seams making much gas, because of gas 
accumulations. 

Pressure requirements. At fixed quantity, powder required for circulating air depends 
on press, which is determined by the airways and their layout. In coal mines, design of 
airways is usually part of original plan of development (Art 11), in metal mines, it may 
involve lM*8t use of existing openings, with a minimum of “ new ” work. Press require- 
ments (Art 10, 11) depend on size of airw’ays and how combined in flow circuits; that is. 
how the flow is split between oiienings. Main airways, carrying entiie flow, demand most 
attention, as restricteti areas or high resistance theiein may cripple the whole system. 
Layout of minor openings, in which split flow occurs, usually has no important effect on 
press lequirements. 

Fan presfures at IT S metal mines are usually 3-6 in of water gage. In coal mines, economical 
size of airways is larger and range of fan pressures i.s usually 0.5-3 in of water. Mine airway condi- 
tions may be compared in terms of press required to pass a unit quantity (Art 11). Requirements 
for 1(K) 000 cu ft per min are. max for small metal mines, 20-30 m; usual for largo metal mines. 5-10 
in; aver for non-giiseous coal mines, 1-5 in; aver for gaseous mines, 0 2-1 0 in; at a few coal mines, 
even lower Aver conditions of fan operation in terms of equivalent orifice (Art 11) are: min for 
small metal mines, 6-10 sq ft; aver for large metal mines, 16-26; aver for non-gaseous cool mines, 
26-40; aver for very gaseous coal mines, 40-90 sq ft. 

Major outlines of ventilation systems are determined by the number, size, use and 
position of shafts, slopes, and adits to surface. Desirable features. (1) utilization as 
intakes, or fresh-air outlets, of openings used for transporting men; (2) utilization of all 
available surface openings, or enough to give low-resistance; (3) coursing of intakes directly 
to lower levels of active zones, so that currents ascend through them to main outlets, (4) 
splitting of total flow and uniting separate flows close to surface; (5) minimizing distances 
traveled; (6) maintaining balanced resistance between main intake and outlet airways. 
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and between separate sections of main airways; (7) minimizing obstructions, as doors and 
air locks in active openings; (8) avoidance of leakage, recirculation and creation of fog; 
(9) circulation of air from active zones to caved ground rather than the reverse. 

Interventilation of mines is rarely desirable, as cooperation of separate operating staffs is not 
dependable. It should be a temporary expedient only, except where full control of ventilation in a 
group of mines is exercised by one official. Connections between adjoining mines are desirable for 
safety, but should be normally shut off with fire-door air locks. 

Exhaust systems of ventilation are preferable, with the fan or fans on the surface at 
air shafts, slopes or adits; this pays due regard to safety, air is then drawn in and coursed 
directly to active zones, and the fan is always accessible. Although exhaust systems are 
gener^, many blowing systems are in use, especially in eastern U S bituminous mines, 
except Pa. Main haulage and hoisting openings are then on return air, chiefly to avoid 
operating inconvenience in cold weather (Art 3), 

Location of openings. To decrease distance traveled by air currents, provide safety, 
and reduce leakage, intake and outlet openings should be so arranged that active workings 
lie mainly on the line between them. If active workings extend in two or more directions 
from a downcast shaft, an upcast near the limit of activity in each direction is desirable. 
If shafts are spaced fairly regularly, as on an extensive pitching vein, alternate shafts 
should be upcasts and downcasts, to distribute resistances and reach areas that would 
otherwise receive little flow. Two shafts close together usually serve better when carrying 
air in the same direction, because few stoppings are required on connections between them, 
leakage is avoided, and distance traveled by the air is usually minimum. 

Ideal lay-out of airways best illustrates desirable major features, as shown in Fig 1 for a typical 
metal mine. Surface exhaust fans, on outlying and small inactive shafts of a steep vein, draw air 
in through the centrally located and relatively large operating shaft to the bottom levels, through 


Air shaft Operating shaft 


Air shaft 



Fig 1. Ideal Layout of Mechanical- ventilation System, Metal Mines (9) 


which it passes to active stopes and thence to less active workings connected to upcast. The fore- 
going nine desirable conditions are fulfilled and a safe and effic system should result. A similar 
ideal layout for gaseous coal mine workings on moderate to steep pitches is shown in Fig 2. Here 
the air is more definitely coursed, and main intakes and returns are close to each other, as generally 
required for coal mines. The same major conditions are met, as well as the following special objec- 
tives for gaseous mines: (1) active sections on separate splits; (2) pillar workings on splits scpnrnt e 
from advancing first mining; (3) inactive sections ventilated by returns from active sections; 
( 4 ) development for ventilation is completed before development for extraction is advanced. 

Minor outHnes of systems are controlled largely by the individual characteristics of 
mines, even in quite similar deposits. The more important are : degree of concentration 
of operations; position of active areas; relative ease or difficulty of maintaining openings; 
location of sources of heat, dust, or strata gases; position of sealed fire areas or areas 
liable to spontaneous ignition; condition of abandoned and inaccessible workings; and 
the precooling of zones of warm rock. These and other special conditions may require 
modification of the major outlines of the system as a whole, but if the major objectives 
are observed the system should be effective. 
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Concentration of working places is important in insuring good air conditions at low 
cost, for gaseous mines and workings in warm rock, as at great depth. Sections should be 
cleaned up so they can be abandoned in regular order, thus maintaining a uniform size of 
active zone. If possible, sections temporarily abandoned should be sealed: timber can be 
preserved by either sealing or thorough ventilation, whereas insufficient ventilation leads 
to rapid deterioration of timber and extensive sloughing of rock walls. 

> surface fan 



Haula{fc road 

To be connected to 
main ixduin before'^ 
odvanclng development 




A west 


SYMBOLS 

SZ Intake air current 
Keturn air current 
n Air bridge 
Kegu later 

R 

zjz Wall Mopping 
rji Brattice Mopping 
Wall dour 
ztz Bnittlce door 

zjz Wall stopping with chute 
and manway openings 


Fig 2. Desirable Method of Ventilating Gaseous Coal Mines on Moderate to Steep Pitches (27) 


Ext^puisive operations above the aetive sone of ** first mining,” as the reworking of gobbed areas, 
leasing operations on scattered pillars and lean tones, and retreating pillar extraction, should be on 
circuits separated from the main circuits below by barriers, natural or artificial. Insistence of mill 
operators on uniform grade of ore, from sections of non-uniform grade, tends to prevent concentra- 
tion of active workings m metal mines. Mechanical systems of mining effect this concentration 
in coal mines. 

Local sources of heat, dust, gas, fire hazard, or other conditions interfering with normal 
arrangement of an otherwise desirable system, are often troublesome and sometimes expen- 
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Bive to handle. A separate intake split usually must be diverted direct to an outlet not 
used to transport men, or a separate air circuit must be formed. Underground stables in 
a coal mine require a separate split, as do other possible sources of fire, as elec transformer 
and pump stations. Sealed fire zones are commonly handled by putting the area under 
enough press to overcome reverse natural drafts, and providing a small separate split to a 
main return or to the surface, from a point above the fire zone. 

Examples. In the United Verde mine a circulation of 60 000 c f m was planned (1930) for an 
underground generator and hoist installation (31); in the Village Deep mine, So Af, a spbt of 
75 000 c f m was allocated to a similar installation (81) ; in the Calumet & Hecla conglomerate 
mine (Mich), 2 large pumping stations on a return shaft had each a circulation of 30 000 c f m (63) ; 
at the Ray undercut-caving mine (Ari*), a separate shaft equipped with a surface exhaust fan con- 
nected (1930) with 3 rotary dumps at the ore-hoisting shaft, passed over 40 000 c f m. Auxiliary 
fan-pipe installations are effective for carrying the return from a local source to a distant airway. 

Circulation through caved ground also impairs well-planned ventilation systems. 
Most common form is leakage through the fill, where the shaft collar extends above the 
natural ground level; averted by a concrete lining from collar to solid rock, or other tight 
stratum. In caved ground, circulation depends mainly on how the ground caves. Even 
though proportion of fine material is large enough to prevent circulation through the mass 
itself, spaces along the hanging wall and near pillars or solid ground may permit consider- 
able flows. Enough air can pass up through 15-20 ft of coarsely broken ore to ventilate 
a shrinkage stope, and enough may pass through a 200-ft fill of moderately coarse rock in 
a raise of large cross-sec to ventilate a small stope (63). In the retreating systems used 
in Mich copper mines, air circulates freely through caved areas adjacent to active stoping, 
so that these zones are equivalent to low-resistance return airways. 

Pressure systems, under certain conditions, may be desirable to insure that circulation goes from 
working places to and through caved ground. Where the mam system is of the exhaust type, 
pressure could be maintained locally by booster fans. If pressure ventilation is desirable through- 
out, it can be adapted to the foregoing major objectives, particularly the rule that openings used for 
transporting men shall carry intake air. This adaptation usually requires a main fan underground 
on the intake side; or entrance through an air lock; or use as an intake-air upcast, of the shaft in 
which men are hoisted. All these methods involve added inconvenience to mining operations or 
added expense as compared with a straight surface exhaust system. 

Ventilation personnel. Ventilation at many metal mines is everybody’s business and 
thus no one’s responsibility. Under favorable natural conditions no great harm results, 
though in case of fire, loss of life or property may be increased by ignorance of the air- 
distribution system. Under unfavorable conditions, ventilation becomes important, and 
good results are possible only where lines of authority are strictly drawn. In general, 
ventilation should be handled solely by: (1) a trained crew to make actual installations of 
distribution features, (2) a “ ventilation foreman ” to supervise installation and record 
the distribution and air conditions; (3) a high ofl&cial with authority to initiate and con- 
trol major changes. 

Ventilation foreman in a small mine may be an operating official, but in a large mine his position 
should be independent. Technical ability and knowledge of ventilation theory, though desirable, 
are less important than mining experience, intimate knowledge of the mine, and ability to work with 
operating officials. Where natural conditions make good ventilation a matter of prune importance, 
technical ability and knowledge of ventilation theory are essential to reduce the demands on the 
higher official. 

Official in charge of ventilation should have sole responsibility for the system. In a large organi- 
zation, some one man often is especially fitted for the work, through knowledge of ventilation 
theory. For a large mine or group of mines operating under difficult conditions, a mining engineer 
specializing in ventilation would be the natural selection, with or without other duties of importance. 
Most large, deep gold mines on the Rand now employ technically-trained ventilation engineers to 
cope with problems of dust and high temp, and these men contribute much of the current literature 
on mine ventilation. In coal mines, each grade of official has legal duties and responsibilities in 
regard to maintenance of ventilation, and systematic layouts can be planned m advance so as to be 
largely self-extending and foolproof. But, the same need for expert guidance and help exists if 
operations are to be conducted safely and economically, and the above remarks on metal mining 
practice apply also to coal mining (3). 

Cost of ventilation at many metal mines, where ventilation is wholly “ natural,” is 
nil; even where natural circulation is partly controlled, cost is negligible. Mechanical 
ventilation is expensive and must be effic. Ck>st8 vary widely for different operations 
and conditions, regardless of economy attained or bookkeeping methods us^. Few 
data Save been published, particularly for U S coal mines. Briggs (3) estimates that 
British Ooal mines circulate about 80 000 000 cu ft of air per min at a cost of about 
$10 000 000 a year, or 4ff per ton coal produced, or $122 per year per 1 000 c f m. Davies 
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(28) gives an aver of about 8.8ff and a range of 3.2-18.6ff per ton for 11 So Wales collieries, 
with power at 2ff per kw-hr. Cost of ventilation in Northern anthracite field of Pa is 
estimated (27) as approx $3 500 000 for circulations totaling 25 000 000 c f m, or about 
14fi per ton coal produced. In Western Middle anthracite field of Pa, 10^ per ton exclud- 
ing power is said to give good ventilation, 7S^ fair, and 4-6^ poor ventilation. Shallow, 
easily ventilated, non-gaseous bituminous mines in U S show costs of 1.5-4^; gaseous 
operations, 9-14^ for steady, up to 24^ per ton for irregular operation. J. A. Saxe esti- 
mates that gaseous mines in Pa bituminous fields, of 3 000-5 000 tons per day, with 
power at per kw-hr, should be ventilated for 4^ per ton; that well-designed new mines 
could attain 3^, and new mechanically-operated mines possibly as low as 1.5-2^ per ton 
for continuous multiple-shift operation. 

Operating and cost data for 14 large metal mines are shown in Table 1, where costs per ton are 
0.32-18.7^, and effect of large-scale concentrated production in reducing per-ton cost can be seen 
by comparing figures for shallow block-caving operations (first 4 items) with rest of group, which 
represent normal, deep mine operations. 

Distribution of costs between labor, power and supplies depends largely on mine conditions, 
especially the degree of control of air distribution. With little control, approx percentages are 
1^70-16 in the order given, for moderate control, as in the aver deep metal mine or non-gaseous 
coal mine, 30-50-20; for extensive control, as in gaseous or deep, hot mines, 60-26-25. Pebcent 
OF TOTAL MINE POWER USED IN VENTILATION at mcchanically-ventilated mines is large. For the 
group shown in Table 1, it is 2-35%, for the small metal mine, it may be 50% or more. A survey 
of 40 111 coal mines (29) found an aver of 22.45%. Briggs (3) quotes estimates of 7-40% for British 
coal mines; probably applicable to U S coal mines, with an aver of roughly 20% for mechanised 
bituminous and 36% for non-mechanised anthracite mines. 


Table 1. VcntHation Coats for Large Metal'Minea 
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Operating data, 1929 

Performance data 
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Coat data, 1924-28 
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Total cbculatbo, 
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.32 

019 

Miami 
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9Cu 
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470 

105000 
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470 

020 

16 6 

27 567 

4 5 

.85 

.052 

Magma . . 

800 

7 0 Cu 

400 

200 

156000 

780 

390 

68 

23 7 

1 44601 

6 0 

18 7 

.156 

Old Dominion 

1 300 

2 7 

600 

300 

180000 

600 

900 

32 

14 0 

58625 

7 9 

17 0 

.266 

Copper Queen. 
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2 1 Cu 

295 
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540 

{ 
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(62 

.179 
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4 3 (^u 
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250 
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5 OCu 
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470 

26 

13.3 

60 335 

7.8 

12 5 
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United Verde 
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4 OCu 
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500 

350000 
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780 

.13 

35 

97 899 

4 6 

n 8 

.147 

United Verde 














Exten«iion 

2 200 

9 OCu 

450 

330 

90000 

270 

670 

.11 

26 

33 %3 

3 7 

16 3 

.078 

Pilares 

2 800 

2 5Cu 

1200 

600 

240000 

400 

1 020 

.11 

35 

18 174 

1 6 

2.3 

.044 

Bunker Hill 














Sullivan .. 

I 400 

10.01 Pb 

580 

540 

40000 

75 

500 

06 

24 

11656 

6.0 

2.6 


Mining . . . . 

1 100 

(9 n Pb 
U.OZn 

|450 

305 

40000 

130 

570 

12 

22 

21040 

11.0 

7.4 

.022 

Ileola 

850 

10 01 Pb 

300 

270 

70000 

260 

470 

.19 

7 

12865 

6 0 

4 0 

023 


3. DISTRIBUTION OF AIR CURRENTS 

Control of air currents. Natural distribution of air is almost always inefficient; 
for effio distribution, both direction and quantity of flow must be controlled. In a large 
mine, many conflicting factors are involved, and the system should be planned to care 
for as many factors as possible in order of imiKirtance, first with regard to safety, and 
second, to service (15). 

Mine pressure adjustments. General directions of flow are determined by points in 
the system at which pressures are generated; quantities of flow, by intensity of these 
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pressures. Both direction and quantity can be controlled by modifsdng the natural resis- 
tances to flow in the mine openings, or by artiflcial airwa 3 rs. Resistance of an airway may 
be increased by tight stoppings so as to stop the flow entirely, or by loose stoppings to 
restrict the flow to leakage, or by regulators to provide a flow under quantitative control. 
Resistance may be decreased by combining airways or changing their physical conditions; 
or the equivalent effect obtained by a booster fan. A single airway may be divided by a 
brattice to make 2 separate airways; or an artificial airway may be constructed within an 
airway (as in auxiliary ventilation by fan-tubing units), or at a junction of airways to 
permit air currents to pass each other, as by an overcast. 

Direction of flow in a mechanically-ventilated mine is primarily determined by position of main 
fan or fans. Demands of service and safety sometimes coincide, but usually conflict, in whole or in 
part. With two surface openings available, one in active use for operating purposes and the other 
inactive, the planning of ventilation distribution involves 3 decisions: what should be the normal 
direction with respect to the operating opening; should the fan be on the surface or underground; 
should the general direction be fixed or subject to reversal in emergency? Actual conditions control 
these decisions, but usually a reasonable regard for safety of life and property requires a primarily- 
exhausting reversible fan installed on the surface at the non-operating opening, as discussed below. 

Operating openings as intakes. In all mines, the important consideration in deter- 
mining direction of flow is that the means of exit should be on intake air; hence the oper- 
ating opening should usually be an intake, actuated by an exhaust fan on a non-operating 
opening. Other effective means are: making the operating opening a fresh-air outlet, or 
upcast in the case of a shaft, or putting it under pressure with intake air. Most coal and 
metal mines are so ventilated, including large mines recently equipped. In a gaseous coal 
mine or deep, hot metal mine, it is almost essential to make the operating opening an intake; 
in the former, to limit elec haulage to intake airways, and in the latter, to permit direct 
coiursing of surface air to active workings. Disadvantages: in cold climates, formation 
of ice in the opening, freezing of water lines, and discomfort caused by low temp. These 
difficulties can be largely overcome at moderate expense. Due to effect of rapidly chang- 
ing temp and moisture conditions on timber and rock, intake openings are subject to 
higher maintenance costs near the entrance than the returns with their uniform air con- 
ditions; return air currents may not only be highly corrosive to equipment, but may also 
make openings wet or produce hot, foggy, and smoky air conditions. Where large quan- 
tities of dust are raised, on or near an opening that for safety should be an intake, dust 
should be prevented from entering intake currents. 

Location of main fans, in general, should be on the surface, for effio control; legally 
required for coal mines in some states and in most European countries (26). A fan 
underground may be wrecked by an explosion or during a fire; the only sure means of 
control is to cut off the power. However, some normal operating conditions favor under- 
ground location, which may actually be more accessible in certain metal-mine layouts 
than location on surface; but it is then wise to provide also a surface fan for emergencies. 
Where all surface openings are required for operations, underground location is the usual 
solution in metal mines; but in English coal mines, location on surface with air locks for 
passing cars is common. This is relatively expensive where rapid hoisting is done, but 
operation of main fans underground may be more wasteful of power than is generally 
realized. Underground installations usually require air locks on main haulage roads that 
might otherwise be left open; they almost always result in considerable recirculation, 
dangerous during a mine fire and always undesirable. 

Effect of fan location on pressure. In surface installations, greatest press differences between 
intakes and returns occur in the upper part of the mine, where stoppings can usually be kept m good 
condition because of infrequent use. In underground installations, greatest press differences are on 
stoppings and doors in an active zone where, due to frequent use, it is difficult to keep them tight. 
Surface fans permit air-flow systems of lower resistance than underground fans, ns the latter usually 
must be placed so that flow is confined to lees than the full number of airways available. 

Arrangement for reversing direction of main flow (Art 13) is required by law for coal 
mines in some states (25) and in most European countries (26) ; common at most metal 
and bituminous coal mines ; used at a few mines in the Pa anthracite district. As insurance 
against emergencies, it should be installed at all mines, regardless of whether its need can 
be foreseen or not. Lack of reversing arrangements has been held responsible for much 
loss of life and property in mine-fire disasters. Whether or not to reverse a fan after a 
mine explosion or during a mine fire is a serious decision, to be made only by the highest 
officials after consideration of all the factors; the reversing arrangements should therefore 
be locked unless the attendants are reliable. Time is important, and as it is required to 
ascertain the need for reversing and make the reversal, not only should smooth operation 
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be insured by occasional trials of the mechanism, but other methods of control should also 
be planned to effect safe exit of men. 

Fireproofing of intake openings is essential. Intake airways usually present a serious 
fire hazard against which it is difficult or impossible to protect the men underground, 
except by fireproof construction. But such construction does not overcome the hazard 
well enough to permit dispensing with the reversible feature of the fan; burning materials 
in the openings or on stations may give off enough gases to cause danger. Fireproof con- 
struction is also desirable in main return airways, though there it is mainly insurance 
against property loss or interference with operations, since the returns are usually wet 
throughout. 

Fireproofing of installations is customary for main fans; less often for auxiliary fans. 
These often present fire hazards, particularly the forward-curved-blade centrifugals, 
which may overload and burn out their motors. Even the backward-curved-blade centrif- 
ugals with constant-power characteristic are not entirely safe m this regard, when reversed. 

Splitting of the air ctirrent. In small mines or sections of a mine, the required quantity 
of air is best circulated in a single current. In large mines the flow should be split, so 
that each mine section has its own air current, for effic and safety. The power required 
for the same circulation is thereby reduced, one section is not necessarily affected by air 
pollution and hazards of others, and quantities may be adjusted to requirements. For 
max effic, splits should be taken off the downcast circuit, and returned to the upcast, as 
close to the surface as possible. Legal requirements as to number of men per split of air 
make splitting compulsory for all except very small coal mines. 

Plan of splitting. In some cases, the main current is divided, say at a shaft bottom, into two or 
more primary splits, which in turn are divided into tw’o or more secondary splits, and these in turn 
may be further subdivided. In others, successive splits are taken off the main air current, until it 
becomes the last split. Sphtting should not be carried too far, or veloc of flow will be reduced to 
ineffectiveness; or, in the case of pitch workings, press may be reduced until natural draft pressures, 
due to differences in temp or gas content, interfere with circulation. 

Natural and controlled splitting. In metal mines, the air generally divides naturally, 
with minimum regulation, the object being to get as much air as possible through restrict^ 
openings. Flow outside the main airways may be through a netw'ork of interconnected 
openings, and little attempt is made to keep the air sphts separate. In coal-mining terms, 
the air is " broadcast ” through the active zones of operation. In special cases, a similar 
proceciure is followed at coal mines, but generally the air splits are carefully controlled, 
with quantities adjusted to requirements by regulators (Art 6). Natural splitting would 
normally give the least air to the longest w’orking section with the largest requirements. 
Generally, all splits but one (the “ open ” split) are throttled by regulators (Art 7). 

Average quantities per split vary considerably even for similar mine conditions. Aver figures, 
to which there are many exceptions, are 20 000-30 000 cu ft per mm for metal mines and longwall 
coal mines; 10 000-15 000 for flat-pitch room-and-pillar coal mines; and 5 000-10 000 (at higher 
pressures) for gaseous steep-pitch coal mines. 

Booster fans. Control of air currents by regulators is obtained only at expense of 
increased power requirements, generally accepted as a necessary evil. Where the 
“ open,” or unregulated, split has abnormally high resistance, power requirements can be 
decreased by a booster fan in that circuit, equivalent to reducing circuit resistance. This 
device is common in metal mines, where irregularity of ore deposits often demands it 
(.\rt 13) ; less often required in coal mines; in gaseous mines, it introduces a hazard and 
Ixiostcr fans are prohibited by law in many states and in most European countries, or 
allowed only for rare conditions (25, 26). Booster fans are also used in special cases to 
put sections of workings under pressure in mines ventilated by exhaust systems, particu- 
larly sealed file areas or caved areas through which gas or high-temp air would otherwise 
enter the mam circulation. 

4. VELOCITY OF AIR CURRENTS 

Velocities in passageways. Moderate veloc saves power, by reducing friction and 
therefore pressure. In airways driven solely for ventilation, veloc should be that for 
max economy, as determined by balancing construction cost against operating cost 
(Art 11). In airways for transport and travel, it is limited by considerations of safety 
and health. High veloc may drive the flame of a safety lamp against the gauze and ignite 
a surrounding explosive atmosphere (Sec 23), The bonneted, double-gauze lamps now 
in use are safe to velocities above 2 500 ft per min. Carbide lights can withstand up to 
about 1 000 ft per min, but for working purposes 500 ft per min should not be exceeded. 
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In open-light mines, high-veloo exits should be electrically lighted and provided with 
regulators to permit reducing velocities temporarily in emergency. Max permissible vel 
in operating shafts in France is 1 500, and in Germany 1 600 ft per min (26). Veloc is 
not limited in U S coal mines, except occasionally by individual mine inspectors. 

Velocities at working faces. In non-gaseous coal mines velocities at working faces 
are not important. Veloc of 20-30 ft per min moves blasting smoke out of dead ends as a 
compact cloud. Higher veloc breaks up and diffuses the cloud. In gaseous mines, 
100-200 ft per min is sometimes required across faces for rapid dilution of gas emitted. 
In undercut^aving, 100 ft per min or over is desirable across griasly levels, to relieve 
operator of dust from chute-running (31). In hot mines, comfort increases about as the 
square root of the veloc (Fig 69, Art 17), so that the economy of attempting veloc over 
100 f p m in local circulations is debatable. (For veloc distributions in airways, see Art 9; 
for pipe inlets and discharges, Art 6.) 

5. devices;; FOR CONTROLLING AIR DISTRIBUTION 

Stoppings. Almost all devices for controlling distribution by introducing obstructions 
to flow, or artificial division or deflection walls in airways, may be called ** stoppings,’! 
since materials and conditions of installation are similar. 


Note; Space between frame and rock surfaces filled with concrete 



Fig 3. Ventilation Door used on Motor Haulageway in Metal Mine (31) 

Permanent stopping is a tight wall across an airway to prevent flow to adjoining open- 
ings; usually designated “ stopping " in U S bituminous mines, “ wall-stopping ” in 
anthracite mines, and “ bulkhead ” in metal mines; often used in connections between 
parallel airways in coal mines. While gob stoppings, usually faced with plaster or cement, 
are still the rule in many older U 8 coal mines, concrete-block and brick are now preferred 
in bituminous, and plain concrete in anthracite mines, 

A study by Williams (30) of SO-sq ft main-entry stoppings in III (1915) shows aver first costs 
from $7.20 for dry-wall gob type and $7.34 for rough board stoppings, to $11.57 for 8-in concrete 
and $17.43 for 8-in brick walls; but under specified conditions, annual costs, chiefly of power wasted 
in leakage, were $1.63 for concrete, $1.91 for brick, $36 93 for dry-wall gob and $76 09 for rough 
board stoppings. Permanent stoppings in metal mines, chiefly for sealing off abandoned or fire 
areaa, are usually of heavy wood construction, often luted with clay or gunited with cement for 
tightness, and erected in ground subject to movement. Aver costs per sq ft of gunited stoppings are 
estimated (1932) as about 40^ for small and 30^ for large isolated stoppings, and 20^ for large jobs 
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or especially large stoppings Where the ground is “ heavy/' packs of short timbers laid endwise, 
or of alternate layers of rock and timbers, give good service by crushing until practically airtight, 
m circumstances where a reinforced concrete wall would eventually be demolished. 

Temporary stoppings. Where waste material is available, and tightness not essential 
(as in connections between rooms in room-and-pillar work), temporary stoppings are 
usually of loosely-packed gob Otherwise, and for extra tightness, they are of light wood, 
or brattice cloth on a wood frame, usually called “ brattices ” (bituminous) or “ brattice 
stoppings ’* (anthracite mines) Temporary stoppings are infrequent m metal mines 

Doors. Where men or traffic must pass through a stopping, it has a door In coal 
mines, the resulting hazard keeps the number of doors to a minimum In metal mines, 
they are often used wheie stoppings would be used in coal mines, and transport and travel 
are thereby facilitated Where passage of men is infiequent, doors m gaseous coal mines 
are about 2 by 3 ft, so arranged that they can not be left open Otherwise doors are almost 
as large as the stoppings containing them 6 by 9 ft aver for coal and 5 by 0 ft for metal 
mines In metal, but less often in coal mines, a main traffic dooi , especially if automatically 
operated, is supplemented by an adjoining narrow door for passage of men (Fig 3) In 
metal mines doors are often installed in untimbered sections to control air currents m case 
of fire. 

Type of door, commonest in both coal and metal mines, is single, vertically hung and unpainted, 
made of 2 plies of 1-in boards, with cloth or paper between plies Practice favors honz and vert, 



rather than diagonal plies, with vert ply on the “push" side and nails clinched on the “pull” side 
Door IS set in a timber frame, with poets wedged to roof and floor, and closes flush against the frame 
rather than on a jamb Wooden stop blocks are provided at the floor, with clearance for track rails 
Doors are swung by long strap hinges on studs, or “ hooks ” (Fig 4) and arranged to be self-closing 
with the air current, and stay closed against reversed flow In coal mines, the frame is erected on 
a slight batter and lower hinge-stud offset about 1 5 in, the door closing by its own weight In 
nictil mines, the frame is vert, and door is closed by loixnterw eight Space between frame and 
walls 18 filled with concrete or, in metal mines, it may be boarded over and gumted, in coal mines, 
filled with “ slate ” dry-walls faced with mortar Various deMces reduce leakage where tightness 
IS essential (Art 7) For temporary use, or w here leakage is not important, light cross-braced single- 
ply wooden doors, or doors of canvas and wood, set in light wooden frames, are common in coal 
mines Motal-eovered and all-metal types are rare Glass reflector buttons are often set in doors 
to warn motormcn of their location, and small glass panels may be inserted in automatic doors to 
warn men of approaching motor tnps 

Curtains of several narrow, overlapping strips of non-flammable brattice cloth, hung from the 
roof, often replace doors on entries in bituminous, and on breast manways, in anthracite practice. 

Air locks. Where opening a door would seriously interfere with ventilation or create 
hazard, an air lock is formed of 2 doors, only one of which is opened at a time Distance 
between doors is adjusted to the traffic. On mam roads in gaseous mines, a third door is 
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often added, to function if either of the others is disabled: required by law in Pa anthracite 
and 8ome European countries. In metal mines, an air lock is sometimes used where press- 
difference is high, to facilitate opening the doors, as the net press tends to distribute over 
both doors. Where the press on air-lock doors makes opening difficult, a smaU shutter 
may be inserted in each door, to equalize press before opening. 

Automatic doors. In gaseous mines, attendants are required, often by law» at impor- 
tant doors and air locks. Sometimes they may be replaced by an extra man on the motor 
crew, or by automatic doors operated by bell-crank lever connected to a false rail, depre^ed 
by wt of approaching car. Such a device, common in flat and light-pitch coal workings, has 
been adopted in a few metal mines; not used in steep-pitch coal workings. On main motor 
roads of metal mines, doors operated by comp air are preferred. A motor-operat^ door, 
controlled by trolley-wire contacts, is increasing in use for main motor roads of metal mines. 

Remote-control doors. Many metal mines use doors operated from a distance by wires attached 
to the valve of a comp-air cylinder (Fig 6). The door is opened by the piston, and closed by a 
counterweight when press is released. Similar designs operate by water press. 
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Pig 6. Device for Operating Ventilation Door by Comp Air, Metal Mines (31) 

Fire doors and their control. In case of fire the veloc of certain ventilating currents 
should be immediately reduced without changing directions of flow. As stopping the fans 
does not stop mine air currents, the only sure means is to shut off all main airways with 
doors. These are normally blocked open and used only in case of fire. They resemble 
ventilation doors, except that those installed in timbered sections are usually of fire-proof 
or at least fire-resistant construction. Best position for the main group of fire doors is on 
all open airways off the main or operating shafts; many metal mines are so provided and 
some have installed remote control on sets of doors adjacent to particular sh^to, so that 
all may be closed from one or more positions, particularly from surface. The control 
utilises water press, comp air, or elec mechanisms to withdraw a latch, which normally 
holds the door open against the pull of a counterweight; the device may act by applying 
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press or current, or by removing it. Continual inspection of such mechanisms is impor- 
tant; failures due to ground movement and corrosion are common enough to retard the 
spread of this useful idea. 

Costs of doors. Costs for substantially constructed 4.5 by 6.5-ft doors in Aria copper mines in 
1928 (31) were; door only, $25; door in concrete frame, $50; air-operated door in concrete frame, 
$175; same, with adjoining narrow man-door, $225. A rail-operated automatic door with adjoin- 
ing man-door is said to cost approx $300. A temporary type of light wooden door m wooden frame 
of aver size costs $15-$25. 

Line brattice is a lengthwise stopping of light construction (like a temporary stopping), 
dividing a single opening so as to direct air flow to a gassy working face. It is used in 
moderately gaseous workings to conduct air from the last crosscut to a development face; 
also in rooms in very gaseous workings, particularly pitch workings (see Fig 8) ; usually 
made of random lengths and widths of 1-in rough boards nailed to each other and to posts 
of small diam, set on 4 to 6-ft centers; joints are sometimes clayed for tightness. Non- 
flammable cloth, usually jute but termed “ canvas,” is often used, especially for room 
brattices in bituminous mines; it is hung from narrow boards nailed to the posts along 
roof and floor. Canvas is also used for temporary extensions, and is then hung from 
small wooden pegs set in roof. Random lengths and widths of light gages of sheet steel 
” seconds ” are used in Ala coal mines at a first cost (comparable to canvas) of 20ff per 
sq yd, and last much longer than the 4-5 months aver life of canvas (32). For long 
extensions of single openings, to make connections in coal mines (” cross-measure tunnels ” 
in Pa anthracite), line brattice is substantial, usually of concrete walls or packed filling 
l>etween heavy double-plank walls. In rock openings, small pressure-release panels are 
inserted m the brattice for protection against blasting concussions (27). 

Pipe as a substitute for line brattice (common in steep-pitching measures of the Middle Pa 
anthracite field) is of 24- to 30-in dmm, extending to development faces from a board stopping at 
the last crosscut. This is airtight, and avoids leakage, the major defect of line brattice. In metal 
mines, auxiliary fan-tubing ventilation replaces line brattice, and is rapidly increasing in coal mines, 
particularly in deep European mines and U S bituminous nunes using mechanical systems of 
nuning (Art 6). 

Deflector brattices. A loose stopping for deflecting air current from its normal path 
is usually termed ” deflector brattice ” in metal mines, or simply ” brattice ” or ” check ” 
in coal mines. Placed across an airway in a coal mine, it often serves to ” hurdle ” the 
air into a high spot in the roof where explosive gas would otherwise collect. Deflector 
brattices have been tried in metal mines for increasing aver veloc through working eones, 
by constricting the flow. They are of rough wood consti uction; canvas brattices are not 
successful in metal-mine stopes, due to damage by blasting concussions. Deflector 
brattices are usc^l in hot metal mines to keep convection currents, from dead ends, out of a 
<*ooler intake airway, as such currents cause multiple small-temp increases in the cooler 
air current. 

Regulators are stoppings with openings of adjustable size, for adjusting resistance to 
flow, in series with normal resistance of the airway or mine section, to allow only the vol 
of flow desiied. They should be placed to cause min press-differences on stoppings: 
on intake side of circuit in a press system, and on return side in an exhaust system. Regu- 
lation by adding resistance is common in coal mines, but in most metal mines has been 
confined to inactive openings, where a small air flow is sufficient to prevent falls or excessive 
decay of timl>er. Usually a door is fastened open; if press is high, blocks are placed 
at Ixith cap and sill to prevent w^arping. As a regulator is merely an orifice in an airway, 
its pressure loss and size can bo calculated for constant conditions from data on orifice- 
press losses (Art 10). In practice, the conditions of possible use are largely unknown at 
time of installation, and a large opening is best, which can be adjusted by trial more 
accurately than by calculation. 

Types of regulator. A door set partly open is sometimee used as a regulator, but the common 
construction is a stopping with a rectangular opening and adjustable sliding door, often known as a 
box regulator. Iron slides in concrete stoppings are common on important airways and locked in 
position; but a wooden slide door in a brattice is more usual, as tightness is not required. The 
slide is dispensed with on minor airways, and the opening is then adjusted by nailing boards on or 
ripping them off. 

Overcasts. Crossing of air currents without intermingling is effected by overcasts 
(” air bridges ” in Pa anthracite), made by blasting down part of the roof at intersection 
of airways and building an airtight structure in the space so formed. Although often of 
wood, more substantial construction is now required; usually of concrete with the floor 
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slab reinforced by old rails (Fig 6). Costs of these range from about $250 where little 
rock work is required, to $350 for aver flat-pitch bituminous conditions and $600 and over 
for large structures in moderate to steep-pitch anthracite workings. Undercasts, made 
by blasting up the floor at intersections, are rarely used on account of the danger of filling 
with water or debris. Crossings are practically never used in metal mines, as the ordinary 

layout does not require them. 
Minor return currents are some- 
times passed through intakes in 
large-diam pipes. Large culvert 
pipe has been used in coal mines, 
as well as sectional-steel liner 
plates. Multi-seam coal mines 
often substitute rock drives to 
adjoining seams for overcasts (27). 

6. AUXILIARY VENTILA- 
TION 

Fan-pipe installations, whereb> 
air is forced through small-diam 
pipes to dead-end working faces, 
or exhausted from them, are com- 
mon in metal mining and tunnel 
driving, under conditions of length 
and high cost of excavation for 




which Ime-brattices are not suit- 
able. Although largely used in the 
Comstock (Nev) mines before 1850 
(16), the real development of fan 
units and piping, particularly can- 
vas pipe (20, 33), started in the 
U S in Butte about 1915, for com- 
bating effects of high temp; then 
spread to other metal-mining dis- 
tricts with similar problems, and 
later to coal mines (where per- 
mitted), where objectives are re- 


duced leakage duo to fewer break- 



throughs, and better and cheaper 
ventilation in mechanised-mming 
areas. Pipes over 4 miles long 
have l:>een used in driving tunnels. 

Fans of bixiwbr type are 
preferred in both metal and coal 
mines, because of Ijctter cooling 
effect, better dilution of gases at 
the face, and in permitting use of 
canvas tubing. With this type, 
recirculation should be prevented 
by placing the fan, or a connection 
to its inlet, m an intake current 


Fig 6. Overcast of Reinforced Concrete (27) at least twice as large as the fan 


circulation. In coal mining (34), 
fan inlet should be at least 10 ft from the nearby edge of nearest return current, and 
fan should not take over 40% of total circulation. Exhaust and reversible fans are 
preferred in driving long tunnels. Exhaust units discharge blasting smoke, gases, and 
dust through the pipe, whereas with blower units those return through the tunnel at very 
low veloc. Reversible units have special dampered ducts at the fan to secure flow in 
either direction; usual practice is to exhaust for a time after blasting, otherwise to blow. 
Advantages of both systems are sometimes secured by using 2 blowers: a large unit near 
the face, discharging to the main circulation or to surface through canvas tubing; and a 
smaller unit, just outby the larger, blowing part of the tunnel intake air to the face for 
ventilation (Fig 7) . The fans must be far enough from the face to be unin ju red by blasting. 
Diftekences in ventilatino effect between exhaust and blower types depend largely 
on differences in veloc distribution and convection current effects (Art 12), both of which 
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favor the blower. Air movement is perceptible only a few ft in front of a pipe inlet, but 
20-30 ft from a pipe discharge. Actual veloc depends primarily on pipe area at inlet or 
discharge and is little affected by shape (36, 37). For exhaust units, temp differences 
between end of pipe-line and face are small, and convection effects negligible. For blower 
units, temp difference is often large and convection effects important. Anaconda Copper 
Mining Co (38) uses blower units with narrow-slot discharge, to control direction of dis- 
charge so as to produce minimum dust concentration at the breathing level. 

Type of fan unit in metal mines is usually the direct-connected motor-driven centrifugal; for 
elec clnve in coal mines, the propeller type. For protection against explosive coal-mine gas, comp- 
air dnve should be used, and fans operated continuously or not at all. Comp-air umts are useful 
auxiliaries at metal mines for emergencies and fire fighting. Comp-air injectors (Art 14) are used 
for short pipes on temporary jobs; their effic is low, but so also is first cost. 

Pipes may be of wood, iron or “ canvas,** usually jute treated to render it airtight and 
resistant to fire and decay. Wood-stave pipe and heavy gages of iron pipe are usually 
limited to long lines in tunnel driving. Canvas tubing and light-gage galvanized iron 
pipe of 8-16 in diam, occasionally larger, are common in metal mines; 8 in for lines to 250 ft 
long, 10-12 in to 500 ft, and 16 in to 1 000 ft or more. Canvas is good for temporary instal- 
lations and where a straight line is impracticable. It comes in 25, 50 and 100-ft lengths 
with sewed-in couplings, and is attached to a wire fastened to timbers or to rib or roof 
pegs. It 18 more easily handled than iron pipe, stands blasting concussions better, but is 
often torn in service. Iron pipe is good for more lasting installations and for straight 
lines; press requirements for straight lines are lower than for canvas tubing, in approx 
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Fig 7. Fan-tubing Installations for Ventilating Long Dead-end Openings with Canvas Tubing (9) 


ratio of 3 to 6. and joints can bo made tighter. Sections are usually about 10 ft long, made 
up to 12-in fliani of single sheets with rrimpe<l seams; over 12-in, of 3 sections with all 
seams riveted-and-soldered. or longit seams crimped. A small swage, or bead, is often 
formed near ends of separate sheets, used in assembling sections, for extra stiffness; for 
single-piece sections, ends aie swaged and two or more thin iron bands are spot-welded 
at interme<liato positions. 

Pipe lines should be as straight ns possible and extend to within 15-25 ft of face for max benefit. 
Dcpomling on type of rock blasted and pipe material, pipe within 25-200 ft of the face must be 
removed before blasting To put blasting sections quickly back in 8er\Tee, use of gas masks is 
reeommendetl for headings; telescopic sections may be used in shafts (12). Blasting gases are 
iLsually blown back to (he pipe-end with comp air (35). 

Joints in canvas tubing usually permit slight leakage which can not be controlled. Slip joints, 
with male ends pointing downstream, are common for iron pipe, and since pipe ends are easily 
deformed, large leakages are frequent; remedy is to wrap joints with asphalt-soaked muslin. Joints 
may be made tight against mine press bv using draw-bands over wrapped joints, with pipe ends and 
bands swaged. Joints in heavy-gage iron pipe used in long tunnels (up to 6 miles) were formerly 
equipped with expensive flanges, but now are usually welded in place. 

Capacities for mine units vary from 500 to 5 000 cu ft per min, occasionally more, 
depending on size of opening and heat, gaa, or dust conditions. For aver conditions in 
metal mines, roughly approx sizes (51) for 30-50-8q ft openings in warm rock (85-90®) are: 
8-in tubing with fan driven by 3-bp motor to give about 1 000 cu ft per min at 4-5-in press 
for lengths up to 250 ft; 12-in tubing with fan driven by 5-hp motor to give about 
2 000 c f m at 6 to 6-in press for lengths up to 500 ft; 16-in tubing with fan driven by 
10-bp motor to give ai>out 3 000 c f m at 6 to 8-in press for lengths up to 1 000 ft; and 
similar fans in scries for lengths mvu'h over 1 000 ft. If tubing lines are in aver condition, 
40-70% of the air passing the fan wull bo discharged at end of line. 

Pipe costs. A 12-in pip© of aver wt, in 10-ft lengths for iron or 60-ft lengths for flexible tubing, 
costa approx 75^ per linear ft in small qu.antities. Coats for other siaes vary roughly with content 
of material, that is, wuth diam. For flexible tubing, cost per ft is about 10% lower for 100-ft sections 
and 10% higher for 25-ft sections. Under aver conditions, cost of installing flexible tubing is about 
one-third that for iron tubing. Approx aver figures are 2^ per ft for flexible and 6^ for iron pipe. 

Costs per cu ft of air delivered at or near the working place by fan-tubing methods vary widely, 
but an approx total of capital return, power cost, and maintenance is 0.2^* per 1 000 cu ft, against 
an aver of say 2i for comp air released at the face and O.OfijI for main-fan circulation. 

1—40 
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7. LEAKAGE IN VENTILATING SYSTEMS 

Effic of distribution Proportion of entenng air that actually passes through working 
places, IS the real criterion of a ventilating system. It is just as important as ei&c of fan, 
and much more difficult and expensive to attam, because leakage in sohd ground can be 
minimized only by substantial construction, and m fissured and pervious ground is diffi- 
cult to control Leakage losses are generally large and effic of distribution low Leakage 
at stoppings, doors, and fan installations are common causes of poor distribution 

Effic m practice Williams’ tests in 16 111 coal mines (30) showed that the max per cent of the 
entenng air reaching the last crosscuts of splits was 33 5%, aver about 20%, and in 3 instances less 
than 10% Davies (28) says that in high-resistance coal mines m So Wales not more than 20% of the 
air moved by the fan reaches coal faces In metal mines where all main fans are underground, it is 
impossible to avoid large recirculation, usually, such fans handle 1 5-3 times the amount of air 
entenng the mine However, aver practice is much better than these examples indicate In the 
aver coal mine, 30-50% of fan air reaches active workings, in the aver metal mine, 60-60%, since 
fewer stoppings are involved, in both, max is probably about 85 per cent 

Leakage through permanent stoppings. The bane of coal-mine ventilation is leakage 
through stoppings between adjoining intake and return airways, whereby air is short- 
circuited without passing through active workings Leakage is dependent on constiiit- 
tion and press-difference p (see Art 11 for effect of leakage on pressui o-loss computations), 
varying directly as p for very small openings in packed material and as y/p for ordinal y 
leakages Williams (30) gives test averages in 111 coal mines, showing range of 6 cu ft per 
mm for 8-in concrete walls, to 171 cfm for faced gob-wall and good board stoppings 
Aver press-differences (not given) were probably 0 1-0 2 m of watei 

Leakage through doors is an important factor m all mines, and depends on construc- 
tion and press-difference p, varying as \/p At a press of 1 in, common m metal mines, a 
good door will often pass as much as 3 000 cfm unless precautions are taken, such as 
covering the edges with canvas strips Leakage may thus be reduced to about 1 000 cfm 
on active doors, and to 500 on inactive doors In coal mines, aver press-difference, where 
doors are used, rarely exceeds 0 25 in of water, and the abf)\e leakages are halved for the 
same door conditions However, canvas flaps are less effective at low pi ess and less com- 
mon m coal mines, and the ordinary ‘‘ good ” door will usually pass 1 000-1 500 cfm In 
good Pa anthracite usage, 1 by 6-m boards are set with one edge against the door, when 
in the normal closed position, and nailed to inside of frame on top and sides These are 
adjusted from time to time, as roquiied by warping of the door, or effect of giound move- 
ment on the frame (27) Excessive leakage at doors may be due to lack of a tight seal 
between frame and walls, lack of water-seal on drainage ditches, and excessively large 
opemngs for pipes, tracks, and trolley-wires 

Leakage at fan installations, where max press-differencte occurs, requires especially 
tight construction, for which wood is unsuitable for both effic and safety Under aver 
conditions of substantial fireproof construction, leakages of 1 000-2 000 cu ft per mm for 
small installations, to 3 000-10 000 for large installations, can be expected on the basis 
of available data (9) 

Leakage at fan shafts* Collars of fan shafts and portals of fan drifts should be thor- 
oughly sealed to rock, as by concrete construction, to prevent excessive leakage through 
ground that may appear tight Shaft collars of waste from sinking operations will “ leak 
like a sieve ” and spoil an otherwise good installation 

Leakage through shaft walls The practice of carrying intake and return currents m 
adjoining shaft compartments, though generally regarded as obsolete and forbidden by 
law in some states and most European countries, is still common at many Ind and III 
mines and anthracite mines m Northern Pa field In the former, excessive leakEigcs 
through the curtain wall are common, but m anthracite mines, substantial 16-in brick 
and concrete walls hitched 2 ft into the side walls practically eliminate leakage unless 
ground movement is excessive. 

Leakage through strata is normally negligible, but practically always present, as shown by the 
usual low pressures on fire-area seals even in “ good ” ground Where air must be earned through 
broken, caved, or filled ground, leakages are often amasing losses of 00% in only 1 000 ft of travel 
are not uncommon. The usual remedy is new airways through better ground, wnth air broadcasted 
through broken ground to similar returns or to surface In metal mines, booster fans are Bometinies 
used to minimize press-differences at local areas on airways where leakage would otherwise be 
excessive Leakage in airways passing through pervious ground may also be reduced by carrying 
the air through by low-press fans operated m senes to minimize press differences. 
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8. EFFECT OF MINING METHODS ON AIR DISTRIBUTION 

General effect of openings on distribution. Exact conditions of distribution at work- 
ing places where mineral is extracted depend largely on details of mining method, both as 
to position and type of openings, and time-sequence in driving them. In general, the 
larger and more numerous the openings, the better the air conditions at working places. 
However, the prime need for good ventilation is 2 or more openings to all working 
chambers, to effect through-circulation. To remove blasting smoke to the main flow, 
for diluting strata gases, or to provide air-motion cooling in warm atmos, quantity of flow 
usually is less important than veloc. For the same power load, quantity is increased, but 
voloc decreased, as openings are increased in number and size, whence openings should be 
of minimum size at working places, and max size elsewhere in the circuits. Exactly the 
reverse is the normal result of all mining methods, since working places are large openings, 
and connections much smaller. Low veloc of flow in working places can be increased 




Fig 8. Methods of Ventilating Gassy llooni-and-pillar Workings (27). (Legend as for Fig 2) 

by attention to details; but for aver conditions velocity requires little consideration, 
liecause even very low veloc on through-circuits, with diffusion and convection currents 
in openings off throiigh-connections, usually suffice. Veloc is important only in gaseous 
coal mines and for high temp. 

Ascensional ventilation. For inclined working places, the relative elevations of con- 
nections are important because of natural-draft and convection-current effects. Essential 
requirement is that connections be made to an ways above and below the working openings, 
so that ascending through-circulation is ixissible and max advantage is taken of natural- 
draft press. To utilize available flow in both inclined and flat workings, the rule of next 
imjxirtance is that through-openings be offset with respiect to the working openings, so 
that the actual working place is not a long dead end off a through-opening. 

Room-and-pillar methods ore practically standard in U S coal minee, and, although details of 
layouts of workings differ, the essential features in active working sections are shown in Fig S. 
Development is by double-entry, employing 2 parallel openings connected by crosscuts 60-100 ft 
apart. 

In Steep-pitch workings, air may be distributed as in Fig 8, B, except that ** chutes” 
connecting haulage-road and airway, also the rooms (“ breasts ”), are partly filled with 
broken coal, leaving one manway open in the chute and one along each rib in the room 
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(Pig 9). These manways are bratticed off below the last open crosscuts, and carry air to 
the face on one side and back to the open crosscut on the other. Manway and airway 
brattices and chute stoppings have small canvas-covered openings for passage of men. 
Chute and manway openings in chute stoppings are small, and are sealed off when the 
chute is no longer used. 

In moderate-pitch gaseous workings, the breasts are carried open, and line brattice is 
used to convey air to the faces; distance from face to end of brattice, and tightness of 

brattice, depend on gas conditions at the 



Pig 9. Start of “Full” Breast in Steep-pitch 
Breast-and-pillar Mining (P & R C & I Co) 


face. Separate lifts, or sections along the 
pitch, are usually kept separate by ventila- 
tion and drainage pillars, and face-ends are 
connected (Fig 8, B) to avoid gas accumu- 
lations in dead ends extending to the rise. 

In flat-pitch gaseous workings occurs 
the extreme of ventilation control, as in 
Northern Pa anthracite field (Fig 8, A). 
Air is carried to both development-ends 
and room (“chamber”) faces by line brat- 
tice and is practically air-locked all the 
way. Intake air is carried on the lower 
road direct to development faces, and main- 
haulage is on the intake airway. Chambeis 
are dooied off while active and walled off 
when inactive. Upp^r load is used only 
as an airway for development and for 
gathering-haulage service in active sections, 
and IS walled off w'hen no longer thus re- 
quired. In gaseous bituminous mines and 
less-gaseous anthracite mines, rooms are 
geneially turned off only one road of a pair 
of entries. To bung haulage near the rooms 
through intake air, the intake is sometimes 
carried in on the room entry, passes through 
the rooms, then through development faces, 
and returns on the adjacent entry. Gen- 
erally, however, most gas occurs in develoi> 
ment faces, and air is earned diiect to 
such openings and then through the rooms, 
with only enough coursing to meet gas 
conditions; haulage is then on return air, 
mixed by leakage with intake air. Line 
brattice is seldom required in rooms m flat 
bituminous w^orkings. For very gaseous 
conditions, doors on loom necks and brat- 
tices in room crosscuts generally suffice. 
For le.ss gaseous conditions, the latter are 
not required; the air is forced to travel 
through the rooms by check curtain brat- 
tices on the entry in the active section, 
sometimes between all room necks (Ar- 
kansas). 

Flat non-gaseous workings. In these, only 
minimum control is needed. A few check curtains 
on the room entry serve to keep the air “broad- 
casting” through the rooms. Even these are often 


omitted, and the only air passing through rooms is that due to natural splitting, occasioned by 
variable resistances to flow. Interference by cars in entries of small cross-sec forces most of the air 
to take lower-resistance paths through the rooms and room crosscuts. Rooms are often driven off 
both entries, so that the intake must necessarily be through one group and the return through 
another. Often, air requirements are so small that several sections are ventilated by a single split 
of air, and the return of one section becomes the intake of another, often “ sweetened,” however, 
with small additions of intake air direct to each section (see Coal Mining, Sec 10). 


Longwall methods used in U S are mostly short-face types with working face com- 
parable to the rib of a room, and air-distribution conditions are like those in room-and- 
pillar methods. In typical longwall workings (Fig 10) as in Europe, with branching roads 
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Fig 10. Ventilating System for Longwall Fig 11. Method of Ventilating Retreating Open 

Stupes (9) 

mining method Strict coursing of air ciirrcnta is not retiuired except to cope with high 
temp. Larger quantities of cxplosncs aie used and blasting smoke is more of a problem 
than in coal mines. 

Open-stope workings are usually large and thus easily ventilated, as air requirements are low. 
There must be ut Iciist one opening from each large working place to the level above. Veloc of air 
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Fig 12. Method of Ventilating Retreating Shrinkage Stopes (9) 

travel is usually very low, but blasting smoke and gases have only a short distance to go before 
reaching inactive workings, where their slow travel is of little importance. Depths of mining which 
involve high rock temp usually also require changes in mining methods (as from advancing to retreat* 
ing stoping), and openings cuvo more readily, automatically diverting air flows to active openings. 
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Recently-caved ground near active openings is usually still fairly permeable to flow and constitutes 
a second opening of low resistance for retreating working faces (Fig 11). Even after caved areas 
have become compacted, they will usually pass considerable air, chiefly along pillars and solid 
boundaries. Eventually, with increased depth, special return airways must bo provided. 

Shrinkage-stope workings. Ground that can be worked by temporary-fill, or shrinkage-stope 
methods, is also easily ventilated. For safety, each stope should have 2 opemngs, and for good 



Fig 13, Method of Ventilating Horia Cut-and-fill Stopes (9) 


ventilation these should connect to the levels below and above. The opening at the working face 
is restricted, and, with blasting confined to end of shift, the small quantities and low’ veloc of the 
normal air flow give good ventilation, sometimes permitting blasting of large slabs during the shift, 
although such blasting is usually confined to the lunch period or end of shift. In continuous shrink- 
age stoping, connection to the level below* is usually provided by the chute-raises driven during 
advance development; even with a shallow depth of coarsely broken ore, these will often permit 

enough seepage of air to ventilate the stope. 
Where a floor pillar is left under the level 
above, it must be pierced at intervals. A 
shrinkage stope not connected to an upper 
level 18 usually poorly ventilated, particularly 
where the stope-wall rock is warmer than 
the air in the airway to which connections 
are made. Where the w*all rock is colder, 
natural draft may give good ventilation. 
Often the ventilation of a shrinkage stope, 
not connected ,to an upper level, could be 
improved easily by a loose curtain or canvas 
door in the low'er level, between the end open- 
ings into the stope, thus hurdJing air to the 
w'orking face. 

Retreating shrinkage stoping on moderate 
pitches provides good ventilation conditions 
(Fig 12), as the working chamber is a rela- 
tively confined space with large openings to 
the levels below and above, and the slowly 
caving ground back of the broken ore makes 
a low-resistance return. If desired, flow can 
be confined to the stopes by temporary stop- 
pings or doors inside the last active drawing 
chute. 

Filled-stope woikings. Their natural lay- 
outs are favorable for ventilation, because they 
require connections to the levels below and above. However, ground conditions often limit the sue of 
passages, so that air flows are small, even with mechanical ventilation. The larger compartmenta 
of raises are usually full of ore or fill, so that circulation depends on the manway compartments, of 
which two are always kept open for safety. In a stope in its early stage, both manways may lead 
cflE the lower level; in later stages the only one maintained may lead to the upper level. Or a single 
manway may go directly from level to level; stope ventilation then depends largely on eddy cur- 
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rente off this manway. For good air conditions, the layout should provide asoensiona] flow, with 
air coursed through the working area (Fig 13). Manway design is important; a good design used 
in many western metal mines is shown in Fig 14. As veloc must increase in high- temp ground, the 
cross-sec of openings must be minimized, and filling should closely follow extraction. Rill sloping 
and filling, especially when retreating, favor stope ventilation. 

Top-slicing provides poor natural conditions for ventilation, due to dead-end workings and to 
heat from decaying crushed timber in the mat. For good results, special openings for air must often 
be made. There are 3 general 
methods: “hurdling" from the 
level below by well-arranged 
stoppings and doors; connecting 
each floor in succession to a 
raise in an adjoining section, 
connected to the return airway; 
and connecting, to a return air- 
way, the open space above a thin 
mat and fill. Miami Copper Co, 

Ajria (1918), using mechanical 
ventilation, employed a ventila- 
tion level of closely spaced open- 
ings, with numerous doors and 
stoppings to force air through 
closely spaced raises to large top- 
shce operations; results were so 
good that continuous blasting 
was possible in the slopes. In 
general, the hurdling metho<l 
(Fig 15) IS applicable to aver 
top-slice conditions, the other two 
applying only to special condi- 
tions of advancing or retreating methods, or of mining small sections or pillars in ground that 
stands well. 

Undercut caving involves many development openings without upper connections (unless made 
to old prospect opemngs); but the many openings between undercut and griialy levels usually 
induce convection currents, with enough circulation for l-shift work. Mechanical ventilation is 
always used, and provides quick clearance of smoke from working places and grisxly drifts, where 
intermittent blasting is required. In general, intake air along the main-haulage level is carried to 
the grizzly level through nuses driven for new development, and passes thence, through active 
dr&vkmg drifts, to fnnge-dnfta connected to the returns. Due to difficulty of keeping other raises 
(in drawn and drawing seetioiia) blocked off wnth waste or ore, control is uncertain, but some control 
is possible by using doora or stoppings at fnnge-drifts, to close all but the active drawing drifts. 
Actual layouts often preclude simple melho<ls. and in 1929 the Miami mine w’as considering a special 
ventilation level for a new section, for better control of ventilation (31). Good ventilation of 
boundary-caving shrinkage workings usually requires a well-planned system of connected openings. 



Fig 15. Hurdhng Method of Ventilating Top-slice Stopes (9) 


9. VENTILATION MEASUREMENTS 

Quantity of air passing in an airway is expressed in cii ft per min (c f m); not deter- 
mined directly, but calculated by multiplying the airway area in sq ft by the aver veloc 
of flow, ft per mm. 

Measuring current veloc. Usual methods are Bmoke-clouds for low veloc, aneoziometera 
for moderate to high, and pitot-static tulies or special anemometers for very high veloc. 
Measurements should ho made where the crose-sec is regular and preceded by as long a 
straight section as possible. The observer should not ol>8truct or disturb the air current, 
by causing local increatw*s of veloc around his person; his best position is in the plane of 
measurement at arm’s length, or farther, from ixunt of measurement. 

Velocity distribution. As veloc is variable over any section, areas must be traversed 
by multiple readings. One-point observations, if exactly the same point is used, will 
show relative changes. Max veloc in a straight airway of uniform cross-sec occurs at 
middle of section aiul is alxiut 1.2 times the mean veloc. At a constriction in a straight 
airway, side velocities are increased and mean veloc approaches, or may exceed the center 
veloc. At an enlargement, side velocities are decreased, and center veloc may be as 
much as 1.4 times the mean veloc. 

Smoke-clouds may be used to determine direction and approx magnitude of flow at velocities 
below the usual anemometer range. More accurate instrumente, including special anemometers 
and the (dry) kata-thermometer, are available, but their use in mince le limited. Smoke-clouds 
may be generated with an aspirator bulb blowing puffs of air through a glass tube containing granu- 
lated pumioe, saturated with anhydrous tin or titanium tetrachloride. Clouds generated to travel at 
the quarter points of cross-sections give results averaging about 10% high. Variations in flow are 
easily detected and observations may be limited to periods of normal flow, a decided advantage 
whore velocities are low. 
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Biram vane anemometer having a range of 150-2 000 ft per min is usual for moderate 
to high veloo. It is a small windmill (Fig 16) with oblique blades connected through 
clutch and gearing to one or more dials, which record the velocity of air passing the blades. 
Observations must theiefore be timed: difference between the final and initial readings 
divided by time in minutes gives veloc in ft per min. Recent 
designs have a zero reset, giving the total reading directly. 
Common size is 4-in diam. Side opposite the dial is held 
against the airflow, usually by hand; but a rod can be at- 
tached for more accurate measurements and greater reach. 

Anemometer calibration. Errors in single readings by Biram 
anemometer range up to 10%: too high at high veloc, too low at low 
veloc. Calibration charts or tables are furnished by the maker. 
Experiment (39) has shown that the relation between registered 
veloo, Vot and true veloc, V, can be expressed by the straight-line 
formula V A BVo, in which A and B are constants. A varies 
as the aq root of density, but values of A being about 30 for com- 
mon types, the density effect is negligible. 

Accuracy of anemometer measurements varies with 
method of use and with pulsating flow, which causes high 
readings. Ordinary methods of traversing by hand, without 
using calibration or method factors, may yield results up to 20% high for high veloc, as in 
fan ducts. With careful work, relative agreement within 2% is possible for successive 
readings. Timed hand traversing and use of calibration and method factors (0), give 
results within 5% under aver flow conditions. In precision traversing, with anemometer 
shaft guided by a frame, results accurate within about 2% are possible, and relative agree- 
ment of successive observations within 0.1% has been obtained (40) when flow is uniform. 
Holding the instrument by hand increases the reading about 10%. 

Other anemometers. High-speed instruments of the Biram type usually have half as many 
blades as the standard, but are otherwise similar. Indk'ating anemometers, although sensitive 
and convenient, are little used in mines, because, oscillation of the pointer prevents accuracy, many 
readings must be averaged to attain accuracy; and observations often involve interference with air 
currents. Common forms are: windmill types with devices similar to speedometers, and pivoted 
vanes, indicating veloc by the angle to which the vane is set. Velometer is a swinging-vane 
anemometer, in which the vane is enclosed in a housing with inlet and outlet openings, to which 
attachments are fitted for measuring veloc and press over a iMde range of flow conditions. Impact 
press of the veloc (and press-differences) cause proportional flow of air through the instrument; 
and the momentum of this flow actuates the vane. In impact-\ane instruments, veloc reading 
varies directly as the sq root of air density (end of Art). 



Fig 16. Anemometer 


Pitot tube apparatus is more practicable for measuring very high velocities than are 
special anemometers, as measurements are often made inside pipes and tubing where an 
anemometer cannot be used. It consists of a 
double-walled pitot-static tube (Fig 17) and 
manometer for measuring difference in press, 
transmitted through tubing from the two 
component parts. This press difference is 
equal to veloc press of the flow (see below). 

The apparatus is a primary device for air 
measurement, accurate in most designs to 
within 1% (39). application. With V 
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Fig 17. Pitot-etatic Tube 
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For careful work, aver veloc must be the mean of computed velocities, not that derived 
from the mean of veloc pressures. Accuracy also requires precision travel sing, and, for 
moderate to low veloc, very sensitive manometers; press is approx 1 in at 4 000, but only 
0.26 in at 2 000 ft per min. Under mine conditions of high-veloc flow, the common vert 
XJ-tube manometer or “water-gage” is sufficiently accurate, and merely approx methods 
of traversing are justified. 
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Other pressure-difference methods, wherein veloc or quantity of flow is measured by the press 
change caused by an obstruction, such as an orifice plate, or by difference in cross-sec area, as in a 
venturi-shaped section, are rarely used in mines, although applicable to certain phases, as tests of 
fan-pipe installations. 

Accuracy of air-flow measurements. Considering the normal variations in air quan- 
tities in mines, particularly on the split flow, accuracies of individual measurements of the 
order of 10% for low veloc and 5% for moderate to high veloc are satisfactory. For fan 
tests, and other purposes where care is justified, accuracy within about 2% is obtainable 
in absence of marked pulsations. Effect of pulsations in causing high readings can be 
allowed for if their amplitude and period are known (39) ; not the case in mine flow. Con- 
sidering the aver inaccuracy of measurement, the reporting of flows below 20 000 c f m to 
the nearest 600 c f m, and over 20 000 c f m to the nearest 1 000 c f m, is sufficiently precise. 

Absolute pressure of the atmosphere is usually measured by aneroid barometer, 
chiefly to determine air density (end of Art). Approx values are obtainable from tables 
of altitudes and temperatures (4) , but as the abe pi css at any point may vary 1 to 2 in of 
mercury during the year, actual observations are better. 

Aneroid barometer is a flat, circular, corrugated vacuum capsule with one side attached to a case 
and the other to an index mechanibni carrying a pointer over graduated circles on front of caae. 
Air pressures distort the capsule and thas actuate the pointer. Best aneroids arc compensated for 
temp by a bar in the linkage, composed of two or more metals. Scales may be graduated to read 
inches of mercury, or approx equivalent ft of altitude, or both. Mine instruments usually have 
both, and should always have the mercury scale. For mines at very high altitudes and deep mines 
at sea level, instruments v,ith special scale ranges are required. Small rugged types are better for 
mine work than larger and more accurate ones, as they stand sudden and large press and temp 
changes better without change in calibration. Accurate work requires occasional comparisons with 
a laboratory-standard vert-tube mercury barometer. With the best instruments there is consider- 
able lag in press and compensation for large changes. Paulin aneroid (12) is a special design, in 
ifthich distortion of the capsule is prevented by changing a spring tension, adjusted by turning a 
ring on the dial until a secondary pointer comes to zero position, whereupon the mam pointer indi- 
cates pressure. Several concentric dials are used to indicate very small press changes. 

Absolute-pressure surveys. Methods and instruments (41) for measuring abs press 
closely enough to determine small press-differences due to air flow are in the development 
stage. Approx results have been secured in main airways of flat-pitch mines, but diffi- 
culties in steep-pitch mines have led to a preference (42) for direct press-difference methods. 
High-precision standard aneroids are popular in England, where a special vert-tube 
barometer, the “ contrabarometer,” also finds some use. In Germany, the Askania 
Btativscopo (43) is favored, it is an aneroid, in which the base press can ^ set and small 
differences from it are measured. In the U S, the Paulin is most used, with graduations 
in ft of altitude only; and in coal mine practice, den.sity differences aie ignored by making 
direct corrections for differences iii altitude, usually without material error. More 
precise instruments are requirwl for use in minor air\\ays. 

Measurement of small pressure differences due to air flow is usually made on liquid 
manometers (U-tubes partly filled wuth liquid), by connecting each press to a separate 
leg of the U and measuring the vert diffeienre in height of liquid due to difference in press. 
If a liquid other than water is useil, its sp gr is determined and press-difference is expressed 
ill inches of watei at 60® F; 1 in of water equals 6.2 lb per sq ft or 0.0361 lb per sq in. 
Kerosene and alcohol are often used in more sensitive tn>cs; kerosene in permanent set- 
ups, Ix'cause it does not vaporize or rliange sp gr; alcohol m the lalxiratory, as it does not 
cling to glas.s nor affect rubber tubing. Toluol is used in some high-precision gages. 

Manometers. Vertical i'yue (water-gage) is so widely used in mine ventilation that 
press differences are u.sually teimed “watei-gago.” Its simplest form is a U-shaped glass 
tube, partly filled with w.ati'r and with scale attached Where mine pressures are separated 
by a brattice, no tubing connection.s are needed, the gage being applied as in Fig 18. To 
facilitate reading differences in level in the two legs, the scale is adjustable to bring an 
ev^en inch maik oiiposito one iKpiid level. 

Precaution.^ (1) connections should be teeted for air tightness by observing if the gage will hold 
a press when the ends are scaled; (2) whore differences of elev are involved, composition and temp 
of air in connections should be the same as in the air current, so that small pressures due to unbal- 
anced air columns do not affect the reading; (3) tube and tubing ends should be in quiet air to avoid 
small errors due to veloc effects on orifices. Where used in moving air currents, tubing should ter- 
minate in a plate or tube, like the static terminal of a pitot tube, having a small burr-less orifice in a 
surface parallel to the flow. Inclined manometer, or U-tube with both legs in an inclined plane, 
magnifies the rending and measures to 0.001 instead of 0.01 in of water; used for greater sensitivity, 
as in research or with pitot tube. Angle of inclination, accurately known and maintained, is deter- 
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mined by the magnification desired and sp gr of liquid used; its sine is found by dividing the reoipro- 
oal of the sp gr by the magnification ratio, or length (in) of slanting scale for 1 in of vert displace* 
ment of water. Instruments with fixed magmfication and mounted on a leveled base are usual. 
For mine work, Weeks (12, 44) has designed a transit-mounted adjustable-slope instrument (Fig 19) 
suitable for measuring small press changes in short sections of airways. Draft oaoe, for fixed 
positions in power plants, is a manometer with one leg of large and one of small bore, proportioned 
so that over 95% of the vert displacement of liquid occurs in the smaller tube, which has a graduated 
scale; readings are made on this leg only. One reading only is required, whereas both levels of a 



Fig 18. Water Gage Fig 19. Weeks Manometer (Mtn dt* 3/cf, Jan, 1923) 


uniform-bore U-tube gage must be read for fluctu.ating press-difT; but calibrations are required for 
accuracy. Micromanometers are precision manometers, for great accuracy, as in measuring low 
velocities by pitot-tube press methods, and for calibration of ordinary manometers They resemble 
draft gages, with micrometer measurements of magnified scale readings and scales set to zero at 
the level in the large bulb m which, due to large area ratio, only an infinitesimal part of the total 



Fig 20. Wahlen Gage (diagrammatic) 


displacement occurs. Most types commercially 
nvailable are of German make, as Prandlt’s preci- 
Bion manometer (3) and Askania Mimmeter (43). 
Wahlen oage (45) is a precision manometer of a 
t\%o-hquid, tilting gage (Chat tuck) type, accurate 
to 0 0001 in of water (Fig 20^ It consists of 2 
unequal-bore IT -tubes half filled v-ith alcohol 
colored red uith aniline, connected by a third 
IJ-tube which is inverted and filled with clear 
kerosene of a sp gr about 0 01 less than the alcohol. 
In one U-tube the large bulb is movable vertically 
by a micrometer. Junction of the liquids is in a 
tube of capillary size. A zero reading is obtained, 
with both bulbs open to the air, by adjusting 
height of bulb A to bring the junction to an etched 
mark. Then with the greater press connected to 
bulb B, vert displacement of the junction is 
neutralized by raising bulb A The difference of 
final and zero readings measures the press-differ- 
ence, in inches of alcohol A scale etched on the 
capillary is useful inhere press fluctuates (49). 
Due to the large amount of exposed glass, this 
instrument is greatly affected by small temp 
changes, and can be used properly only under 
laboratory conditions. 


Recording pressure gage is useful for continuous records. Common design for fan 
pressures is like a clock, the face consistiriK of a 24-hr circular paper chart, u ith radial hour- 
lines. An index pen describes a line varying in radial distance according to air press. 

Indicating and recording quantity gages are little used in mine ventilation, due to expense and 
necessity for special calibration. As recording designs are based on measurement of small prc«B 
differences, the small forces involved require expenmve construction. In the Bacharach quantity 
BSCORDBB, veloc press is multiplied by venturi devices 2 to 3 times, and recorded on a drum chart, 
graduated for quantity if desired. Multiplication of press is not exact and calibration is required. 

Power of a ventilating current in ft-lb of work per min « prees (including veloo proea) 
in lb per sq ft, X veloc in ft per min, X area of air course in sq ft « pVa « jtQ, wherein 
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Q quantity of flow in cu ft per min. Hp of current ** pQ -4- 33 000. Example: hp of 
ventilating current passing 100 000 cu ft per min at press (includmg veloc press) of 2 in 
of water - (100 000 X 2 X 5.2) 4- 33 000 * 31.6 hp. 


Air density (see Sec 23, 39). Press of water vapor is determined by its dew-point (temp) 
(Sec 23). Both this temp and relative humidity, the ratio of vapor press at dew point to 
that at dry bulb temp, are determined, from observed wet- and dry-bulb temp and abe 
press, by psychrometric formulas, tables (57) or charts (9). “Standard atmosphere” is 
dry air weighing 0.08072 lb per cu ft at 29.922 in barom press at 32® F (at Paris). 


Density formulas. Wt of dry air in 1 cu ft of moist air at temp (, barom press 6, and press of 
water vapor /in of mercury, la: 


u’a 


0.08072 


491 

459 + t 


Wt of water vapor in 1 cu ft, at press /.is: 
in 1 cu ft of moist air is: 


29.922 469 + « 

1 325 

■» 0.622 /. Combined wt of air and vapor 

459 + t 


u? “ tt’a + t% 


1.325 
459 -f t 


(b - 0 378/) 


If relative humidity is r and vapor press corresponding to air temp is F, then rF = /. For dry air 
/ «= aero, and press *» 6. 


Weight of gaseous mixtures can be computed when proportions of the constituents are 
known. Wt of moist air is found as above, and the mixture of air and aqueous vapor is 
treated as a single element; not quite correctly, except when humidity is determined 
before the air is polluted with mine gases. This is seldom possible, because mine condi- 
tions usually increase humidity, but the error is negligible. 


Example. To find \\t of mine atmos containing 1 ^ COj (ap gr 1.529) and 1% CH 4 (sp gr 0.5545), 
at 29 in barom, 75^^i relative humidity and 50® F (at which, press of saturated aqueous vapor is 
0.362 m of mercury). Weights per cu ft are as follo^^s. 

1 325 

For moist air, (29 - 0 378 X 0 75 X 0 362) « 0.07519 

459 •+■ 50 

For COi, 1.520 — — 29 » 0.1154 

459 -f 60 

1 .QOs: 

For CH 4 , 0 5545 - - Z l ' 29 « 0.0424 

459 + 60 

For the mixture: 

0.98 cu ft moist air ^ 0 07519 weighs 0.07369 lb 

0.01 “ “CO, @0 1154 “ 0.00115" 

0. 01 “ “0114 @ 0 0419 " 0 00042 “ 

1. (X) “ “ of mixture weighs 0 07520 " 


10. AIR FLOW IN MINE OPENINGS 

Air flow conditions. When air is flowing in :i duct, the wall surfaces, and their posi- 
tion with respect to the flow, cause interference of one airstream wdth another, whereby 
part of the kinetic energy of flow is converted to heat, hence, to maintain kinetic energy, 
it must be constantly renewed from total energy of flow. The flow therefore causes con- 
tinuous decrease in total energy of air current in the direction of flow, and automatically 
adjusts itself as to quantity, so that total energy used in a circuit equals total energy 
generated therein. Energy losses occurring in straight ducts of uniform cross-sec are 
called friction losses; those due to deflections and change of croes-sec are shock losses (9). 
Both energy losses and energy gains (as by natural or mechanical means) are evaluated in 
terms of press. 

Preuure forms. Th core ti r ally, total cnergv of flow* is mea.«?ured by abs static press and velocity 
press. Abs static press depend.s on flow and also on difference of elev. But, as changes due to elev 
arc almost balanced in any inclined or vert flow circuit, changes are conventionally considered as 
though the flow were hori*, and small changes due to unbalanced weights of air columns, as naturally 
generated press, or “ natural draft “ (Art 11). The absolute nature of static press is thus ignored, 
and only changes in absolute press due to flow are considered. 

Pressure changes. The sum of static and veloc pressures is the total press, which 
remains constant except as depleted by friction and shock. (For positive and negative 
pressures, see Art 12.) Changes in veloc of flow, due to varying areas of cross-sec, cause 
corresponding changes in static and veloc pressures, which are mutually convertible; but 
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conversion is always accompanied by some shock loss, depending on abruptness of change 
in area. Veloc pressures in mine airways usually are so small that practice commonly 
ignores them and considers only static press, or “water gage,” which is usually, but not 
always, the difference between the abs static pressures in an air stream and in the atmos- 
phere outside. 

Pressure losses. Both friction and shock losses depend primarily on dimensions of 
the airway. Roughness of wall surfaces is a determining factor of friction losses, whereas 
relative positions of wall surfaces largely determine shock losses. Friction press losses in 
straight sections of approx uniform cross-sec comprise most of the total press loss in a 
mine ventilation system. In deep metal mines, main airways alone often account foi 
70 to 90% of the total press requirement. 

Friction formulas. The generally-accepted formula, or law, for press required for 
flow in mine airways, as developed (12) from an old hydraulic formula for turbulent flow, is 


kPLV^^ kSV^ 



where p — difference in total press between ends of airway, lb per sq ft; k = experimental 
factor (Table 2) , S = rubbing surface, sq ft — P, perimeter, ft, X L, length, ft; F = veloc, 
ft per min; A = aver cross-sec, sq ft. A more convenient form for direct application is 


Hf 


kPLQ^ 

5.2 A3 


where Hp press difference due to friction losses, in of water; Q « cu ft per min. 


Laws of proportion. Proportional changes in press requirements due to vanutiona in airway 
and air-flow conditions are deduced from the basic formulas above, using the fiist for constant- veloc 
assumptions, the second for constant-quantity assumptions, which are of more practieai importance 
For constant quantity through similarly-shaped airways, press difference vanes as the 5th power ol 
a side or diam. 

Effect of shape of cross-sec on pressure requirements, for same quantity and area (9), can also 
be deduced from the formula. Multiply the value for circular cross-sec by 1.13 for a square, 
1.16 for a 1 to 1.5 rectangle, 1 20 for a 1 to 2 rect.anglc, 1 30 for a 1 to 3 rectangle, in shafts with 
square compts by 1.60 for a 2-compt, 1 95 for a 3-compt and 2 26 for a 4-compt shaft, in shafU 
with rectangular compts, with 1 :2 ratio of sides, by 1 69 for 2-compt, 2 07 for 3-compt, and 2.3f 
for 4-compt shaft. 


Value of friction factor k depends chiefly on character (roughness) of sides of airway 
and varies directly with air density (Art 9), also affected to a lesser extent by size, aiu 
possibly form, of cross-sec and veloc of air current; and may be adjusted to include miiioi 
shock losses due to curvature, sinuosity, or obstnu'tion. Formulas, based on expen 
ments on pipes and small ducts, have been developed for effect of size and veloc on k foi 
straight, unobstructed, smooth-lined ducts; but not for rough-surfaced duets, as mini 
airways, where these effects are relatively unimportant for usual sizes and velocities, ir 
comparison with character of walls, irregularity of section, curvature and obstructions 
Table 2, based on existing data and original experiments m coal and metal mines by th( 
Bureau of Mines, applies to velocities of 300-2 000 ft per min, anrl values of A -4- I 
between 1 and 2 ft. 


Table 2. Friction Factors for Mine Airways (40) (0) 


Values of k X for air at 0 075 lb prr cu ft * 


Type of airway 

Straight 

Slightly sinuous 
or curved 

Highly sinuous 
or curved 

Clean 

Moder- 

ately 

obstructed 

Clean 

Moder- 

ately 

obstructed 

Clean 

Moder- 

ately 

obstructed 

Smooth lined. ...... 

. . Min . . 

10 

25 

20 

35 

35 

50 


Max . i 

20 

35 

30 

45 

45 

60 

Sedimentary rock. . 

. . Min ... 

30 

45 

40 

55 

55 

70 


Max. . 

70 

85 

80 

95 

95 

110 

Timbered 

. . Min ... 

80 

95 

90 

105 

105 

120 


Max 

105 

120 

115 

130 

130 

145 

Igneous rock 

, . Min . . . 

90 

105 

too 

115 1 

115 

130 


Max. . 

195 

210 

205 

220 

220 

235 


♦ For air density w (other than 0.076 per cu ft) corrected value k' kw -i- 0,075 
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Mean radius of duct, r ^ A •¥ P (used in some air-flow formulas), is a term borrowed 
from hydraulics to designate comparative sizes of cross-sec. 


Effect on k of included shock losses. Investigation (40) has shown that intermittent shock 
losses, due to sinuosity and crookedness of airways and minor obstructions in them, may be com- 
puted us friction losses by adding constants to friction factors. Values of increments depend on 
value of r. Thus, in Table 2, the factors for clean, straight airways are base values; increments, 
based on r ■■ 1.6 ft, are 10 for slightly curved, 26 for highly curved, and 16 for moderately obstructed 
airways. 

Effect on k of both veloc and mean radius. Experimental data on smooth ducts have been 
correlated (60) in terms of a dimensionless constant, the " Reynolds Criterion,” or diam X velocity 
X density -h viscosity, largely restricted to interpreting results of tests on models (Sec 38). Experi- 
mental results are often expressed by formulas including a constant k, but with fractional exponents 
for diam, r, or V; facility in application then requires use of special charts. It is better to maintain 
the general form of the fnction-loss equation and relate variations m A: to r and V, as done by 
Goodenough for tests on smooth concrete ducts for the N Y-N J Vehicular Tunnel Commission (48). 

L c n 

B -f -r— I 

r*r2-i 2gA 

wherein for smooth ducts, R *= 0 0035 and C = 0 02867; v =* velocity in ft per sec; other notation 
as before. Value of A:, deduced from the above for g = 32.16 and w ~ 0.075, is: 


k X low 


11.337 


334 300 

r2F2 


If multiplied by 3, to allow’ for variation in roughness, results by this formula agree closely with 
those of the Hur Mines (49) on a 6.2 by 9.2-ft straight butt-heading in a coal mine: value of A; X IQW 
at 300 ft per min by formula and by the Bureau, 37 3, at 900 ft per min, 35.1 by formula, 34.9 by 
the Bureau. Hence, the formula seems of wide utility. 

Friction factors for fan pipes. T<*sts by Bur Mints (51) on straight sheet metal and canvas 
tubing, 8-16 in diam, showed aver values of k X lOW, at velocities of 1 000-4 000 ft per min, of 
15 for sheet metal and 20-23 for canvas, for aver mine conditions of ” straight ” lines, values of 20 
for metal pipea and 25 for canvas are recommended. Leakage usually prevents accurate application 
of these factors (Art 11) 


General formula for shock losses. Bends, changes in area of cross-sec, and obstruc- 
tions cause changes in area of air flow, the rcvsulting press losses are independent of rough- 
ness of walls, and bear a practically constant ratio to veloc-press of mean veloc of flow. 
General formula is: 

//, - Xlh 

where //, »= shock press loss due to change of veloc, in any units; X « empirical factor; 

s= veloc press at mean ^cloc, in saiue units as //,, or of w’ater at tc «» 0.075, 

varying directly as v\ 

Shock losses expressed as equivalent friction losses, that is, in terms of equivalent 
lengths in ft or diameters, or as innenients to fiiction factors, are commonly used in 
reporting and applying expennicntal results, especially on bends. Equating shock loss to 

3 ‘^40 A 

friction loss (53) , Equivalent length in ft = ^ — X ; equivalent length in diam » 

— X increment for k X 10^ = 3 240 -rr • Example, For k X 10^® « 20, 

A: X IQW P L 

A -r F » 1.5. and A' « 1, eqiiiv length i.s 243 ft or 40.5 diameters; increment for k X 10^® 
(X » 1 per 1 000 ft) is 4. 86. 

Characteristics and types of bends. General 
flow conditions at liends or deflections of air current 
are as show’ii in Fig 21. Expeiinients indicate (53, 

9) that press loss is due to abrupt one-sided expan- 
sion from the contracted area at departure end, 
to full area beyond. Charactciistics used in spe- 
cifying bends are show n in Fig 22, and designations 
of the more common types in Fig 23. 



< « ’ JL' .1 

B'ig 21. Air Flow at Bend (9) 


Shock-loss factor X for bends (53, 9). Data are fragmentary and apply only to airways of 
uniform area before and after bend There is no general formula for areas not thus uniform, nor 
are effects of \\ A 4- 1\ or roughness of lining known. Approx shock factor X for a normal bbnd 

(Fig 23 A), with notation as in Fig 22, is X - — fiV”) * When t «90®, X- 0.254- r*a^ for reo- 

> 90 / 


tangular airway and A' •• 0 25 4- for round or square airway; max X — 1 for square inner corner 
(r »* 0.5), there is no practical advantage in exceeding r *» 2, for which X «» 0.06. For a square 

BEND (Fig23B), X - ^ ■" rectangular airway and 
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z *• 0.60 + f for round or sQuare airway; max X »« 1.20 for aquaro inner corner {r « 0.5); low 
values of X practically require changing to a normal bend by rounding outer corner. For other 
bends, calculation of X is lees precise For a crowded bend (Fig 23C), X for a similar normal bend 
is arlMtrarily increased: e g, by 40 per cent when outer radius at bend ■» 0.76 of the normal. Inner 
BEVEL and SEGMENTAL BENDS (Fig 23D, E) may be treated as normal bends with radii circumscribing 
the segments; but X for a segmental bend is slightly increased to allow for “ crowding ” on the outer 
radius. Venturi bends (Fig 23F) may be treated as normal bends with r 0.8 to 0 9. For a 
BLADE BEND (Fig 23G), X may be taken as for one of the equal sections only, with a small increase 
for excess rubbing surface. Radial vanes divide bends into sections having different values of 
r and a. Aver factor is determined by weighting factors of separate sections according to area, and 
increasing result ehghtly for edge effect and excess rubbing surface. Best position for single vane is 
about 1/8 width from inner corner. Straight exten- 
sions ^yond radius in either direction cause 
increased press loss and should not be used. 

Special bend conditions. Bends discharging 
directly to atmos involve 60-80% more loss than 
interior bends, due to greater differences in veloo 
involved in shock loss. Tests on closely spaced 
BENDS show that close spacing affects press losses, 
probably by its effect on veloo distributions, but 
data are meagre. 




Noi-mal Square Crowded Inner bevel 


(5^ B? 

Venturi Blade 



(j^ & 


—r 

Plan 


Double 




I Elevation.. I 


Compound 


Rcrersetl 

Fig 23. Types of Right-angle Bends (9) 


Sinuoua and crooked airways. Airways often have bends and curves, wherein shock losses arc 
too small for calculation individually, though a rough approx of total aliock loss is desired Testa 
by Bur Mines in metal mines (40, 9) gave following range For a large-radius curve, or sharp bend 
of about 15®, or a wall line close to center line, not oftencr than once every 100 ft, or a small-radius 
curve, or sharp bend of about 30®, or a wall hne crossing center line not oftener than once every 
200 ft, X = 0.2 per 100 ft. For a continuous large-radius curve, or continuous curve of repeated 
small deflections of 10®-15® every 20-30 ft, or bends of 20®-30® every 60-100 ft, or a wall line 
crossing center line about every 60 ft, X = 0 5 per 100 ft. 

Splits and junctions of air currents cause shock losses due to bends and area changes, for which 
exact data are lacking. Split loss may be approximated as a bend loss based on veloc of diverted 
stream. Junction loss is (very roughly) 1,6 times bend loss based on veloc of entenng stream. 



A 

Ao 

A 

Aa 


mtCim coefficient of contraction 
«■ Ne«mitlo of contraction (areas) 


Ao 

N« ■■ratio of expansion (areas) 

Fig 24. Flow Conditions and Characteristics of Expansion 
and Contraction (9) 


Characteristics and types of 
area changes and general condi- 
tions of flow thereat are shown 
in Fig 24. Contraction of the 
flow to pass a smaller opening 
causes it to occupy a still smaller 
area immediately beyond the 
opening, the so-called “vena 
contracta.” 

Pressure losses are primarily 
shock losses due to abrupt ex- 
pansion from a smaller section and 
higher veloo (that of the “vena 
contracta,“ where contraction 
precedes expansion) to a larger 
section and lower veloc. Types of 
area changes common to airways 
and ducts are sliown in Fig 25. 


$hock-lo8s formulas for abrupt expansion. Carnot-Borda equation or Borda formula (66) 
shows that loss of head, due to abrupt expansion of a faster to a slower stream, is equiva- 
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lent to the veloc press corresponding to difference of aver veloc involved; or loss of head 
h in ft of air — (»i — S 2 )* **• velocities being in ft per sec. At to ■» 0.076 lb per cu ft, with 

( y . — y2\2 

— i ) • Since Q ■* AiFi « AjFj, 


Vi - Wa + ^,)7s, and H, - - l) “ (^ “ 0 Similarly. 

Ht •" ATiHdj, where Xi and X 2 are shock factors, or loss in terms of ratios of veloc press, correspond- 
ing to veloc before and after expansion respectively; and are veloc heads, in of water. In 
cases of contracted flow, shock loss is due to expansion from the “ vena contracts,” whose area is 
e times the actual area preceding expansion, where c (Fig 24) is termed the ‘‘ooeflf of contraction.” 
Where is known, Fi can be determined from c X Ai and applied directly in the preceding formulas. 

Shock factors for expansion and contraction (63, 9). More generalized formulas, using the 
notation of Fig 24, are the following; 


X,- (i-JV.)’: Xe 


(z - 





Entrance to airways 



ISTormal Diverging Constricted Koulo Converging Orifice Nozzle Converging 
£ p Q H Discharge from large chamber 


X J 

Discharge from airways 



Alirnpt Oratlual Abrupt Orifice Nozzle 

expansion expansion contraction coubtilctlon constriction 


K L M N 



Expansion Gradual Exiianslon Standard venturi Formed venturi 

following contraction following p _ 

contracUon coutraotioiL ^ S 


0 Q 

Within ittrway* 

Fig 26. Common Types of Area Changes in Airways (9) 


In particular cases, c, AV or AV may be equal to 1 or 0, simplifying the formulas. Heferenoss died 
eontain tabulated values and charts for graphical deternimation. 

Coeff of contraction c depends on AV, or ratio of contraction of areas (Fig 24); the edge 
condition at contraction, represented by ‘‘contraction factor” Z; and conditions of symmetry. 

A sufficiently accurate relation for c and Z for symmetrical conditions is: c ■» 
as plotted in Pig 26. 

Value of contraction factor, Z. If contraction occurs symmetrically against wall surfaces 
(normal condition), Z is approx 1.06 for a bell-mouth, 1.6 for a round edge like a mine timber, 2.0 
for a smooth edge, as of Ihin sheet-iron, 2 6 for square edges common to mine forms, 2 8 for very 
sharp Ihm edges a« in oriiice plates for air measurement, and 3 8 for free contraction to a sharp edge 
(ns at entrance to a pijic). Meager data on olistructions in air\%ays, as mine cars or timbers, where 
contraction occurs along the perimeter of the obstruction, indicate that normal contraction factors 
should be about doubled, that is, 6.0 for square edges, 3.0 for round edges. For unsynmoetaiosd 
contraction in ducts (56), press losses and values of c are much greater than for same ratio of sym- 
metrical contraction. 

Abrupt expansion. For discharge to atmosphere (Fig 26£), J? « 1. For expansion in airway 
(Fig 2f)K), c “ 1 and Aq “• (Fig 24). Table 3 gives shock loss factor Xa* and change -- 
in veloc prea», in terms of veloo press before expansion; also the ratio of these quantities. 
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Table 3. Constants for Abrupt Expansion in Airways 


Ne An/Ae 

0.9 

0.8 1 

0.7 


0.5 i 

0 4 

1 


0 2 


Xa 


m 






0 64 

0.81 

Hva - 

0. 19 

0.36 

0.51 

0.64 



0.91 

0.96 

0.99 

""a 








RaUo of Xa to — * 

0 05 

0.11 

0. 18 

0.25 

0.33 

0,43 

0 54 

0.67 

0.82 

Itva 










Gradual expansion diminishes shock loss by a constant ratio y, depending on included angle; 

X' » yX, where X' is the shock 
'I ( "'I [ '[\| I I \j factor for gradual, and X for ab- 

rupt expansion. Teat values of y 
are conflicting (53, 9, 56); appar- 
ently, practical nunimum is approx 
0.25 for 7®, angles exceeding 30® 
offer no material advantage over 
abrupt expansion. For gradual 
expansion in airway (Fig 25L), 
values of Xa m Table 3 are multi- 
plied by proper value of y. Eva«^ 
DiscHAROE (gradual expansion at 
discharge to atmos, Fig 25F) in- 
volves both loss due to expansion, 
yXa, and loss at discharge, Xe~ 1- 
In practice, it is seldom economical 
to make N less than 0 25, that is, 
■A-e A-a more than 4 (Art 11). 

Abrupt contraction in air\\ays 
is a common condition (Fig 25^I). 



.7 .8 .9 1. 

Coeffic of contraction e 

Fig 26. Relation of Coefficient of Contraction c to Contrac- 
tion Factor Z (19) 


Hero A'. - 1, A% “ - l)’. 

and A'a *= X^ — AV (Table 4). 


Table 4. Constants for Abrupt Contraction in Airways 


X<. "* Aa/Ae 

0 9 

0.8 

0.7 

0 6 

0 5 

0.4 

0 3 

0 2 

0 1 

Square edge. . . . | 

Xa 

0 022 

0 091 

0 220 

0 446 

0 839 

1 59 

3 21 

7 92 

33 2 

Xo 

0.018 

0.058 

0. 108 

0 161 

0 210 

0 254 

0 289 

0 317 

[ 0 33 

Round edge. • > • | 

Xa 

0.003 

0.012 

0 030 

0 061 

0 120 

0 230 

0 471 

1 18 

4 96 

Xe 

0 002 

0 007 

0 015 

0 022 

0 030 

0 037 ! 

0 042 

0 047 

0 05 


Most mine airways represent something between square- and round-edge conditions. Values for 
rough conditions are difficult to select. 

Inlets. For pipe and airway inlets (Fig 25A), ATc « 0 and Nf =» 1. For the pipe inlet, Z ~ 3 8 
and Xe == 0.95. For the airway inlet, Xe is approx 0.34 for square edge, 0.05 for round or beveled, 
and 0.0006 for a formed or bell-mouth opening (Fig 25B). Converoinu inlet (Fig 25D) is also a 
low-loss type, but has both abrupt and gradual contraction. For a rebtri<'te» inlet (Fig 250, 
JVc ■“ 0; then c is 0 033, 0.817 and 0 976 for square, round and formed edges, iri the formula for A',.. 

Orifices. Restricted discharge to atmos (Fig 25G, 0) is often used in fan testing 

with square-edged orifice plates, for which Z « approx 2 5. For flow turoui.h a small hole 
in thin wall (Fig 261), 0 and Nc “ 0; then X* «« Z *= 2.5, 1 5 and l.O.^ for square, round 

and formed edge respectively. Constriction in airway (Fig 25N) involves abrupt contraction 
followed by abrupt expansion. General formulas apply, but in duct or airway of uniform area, 
Nc “* JVe ■■ AT. Edge of orifice plates used for air measurement approximates Z 2.8. 

Regulator is a restrictive device to cause shock loss. Solution by trial and error of 

X N\ or use of chart (55), is required for N greater than 0.2; N « ratio 

of regulator- to airway-area; X is desired press loss divided by veloc press in airway; c is 
.selected from Fig 26 for Z » 2.5 and corresponding value of N. In xiractice, N ia usually 
less than 0.2, and value of c practically constant; hence approx size can be found by 

jy- B, — (approx for N > 0.2). Solutions by “equivalent orifice” formula, A « 

Vx + 1 

0.0004 Q + VW., are 10% too high for N - 0.1, to 30% too high for iV - 0.3. 
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Example. For 0 ■* 10 000 c f m, required area of regulator in a 60-sq ft entry to cause press 

loss of 0.25 in of water: V •** ~ ^ ^ »» 200 ft per min; veloc press *= ( — “ 0.0026 in; 

50 000/ 

X - -M5.. « 100; ^/X » 10; AT = ^ - 0.146; regulator area « 50 X 0.145 or approx 7.3 sq ft. 

0 0026 11 

Regulator would be made at least 2 by 4 ft and have a slide. Same solution can be used for siae of 
opening in a door-regulator, but results are less rehable. 

Gradual contraction in an airway (Fig 26P) is followed by abrupt expansion from the “ vena 
contracta *’ to the area following contraction; Ne =* 1. Values of Z and c are influenced by the 
included angle and edge condition. Univ of III found values equivalent to Z = 1.51 for 60® and 
1.34 for 30® smooth edges, approximating Z «= 2 in abrupt contraction (56). Shock losses for 
included angles less than 30® are practically negligible. Gradual contraction followed by 
ABRUPT EXP\NHiON (Fig 2oQ) presents the same flow conditions, except that Ne is less than 1. 
CoNVEBGiNO DISCHARGE FROM AN AIRWAY has the special Condition that Ne — 0. Converging 
inlet (Fig 25D) and converging discharge from a large chamber (Fig 25J) involve both 
abrupt and gradual contraction and require special test values to find press loss. 

Contraction followed by gradual expansion, the contraction being either abrupt or gradual: 
multiply factors for abrupt expansion by y (see gradual expansion). Venturi orifice, or nozzle 
(Fig 25R) IS a common form of gradual contraction folloi^ed by gradual expansion, designed to give 
large press change with small press loss. The general formulas, with appropriate values of y and Z, 
are required for solution. With a formed entrance, as in the " standard ” orifice, Z may be 1.05, 
and c determined from Fig 26. 

Obstructions in airways cause shock losses due to contraction of flow along the 
perimeter, follow’cd by abrupt expansion. Bur Mines tests (9) show Z = approx 5 for 
square edges of timbers and cars, so that Z factors for wall contraction should be doubled 
for aver conditions of contraction against perimeter of an obstruction. Mine cars cause 
shock losses at fiont and rear and increased friction loss. Abrupt contraction at front 
end, and expansion at rear, may be computed from foregoing data, using Z = 5. Friction 
loss in constricted area is approx (2 — A') A’® tunes normal loss. For area ratio of 

N *=0 2, resistance of car = approx 1(X) ft of coal-mine entry or 40 ft of rough rock drift; 
for A’ = 0 4, these values are 4(X) and 100 ft (0). Closely spaced cars do not allow 
length reiiuired for full expansion downstream and shock loss is less than the above. A 
trip of cars is therefore treated as a single obstruction. 

Intermittent obstructions, causing minor losses, too small or irregular for separate calculation, 
may be estimated per unit of length. Tests by Bur Mines (40) gave follo^^^ng range* for trolley box, 
vaster box, large flanged pipe, occa.«5ional falls of roof, hangers and pi ops, X = 0 1 per 1(X) ft; for 
combinations of the above, large roof falls, piles of timber or pipe, closely set crossbars, props or 
constrictions, X “ 1.0 per 100 ft. 


11. MINE RESISTANCE 

Mine pressure. Total press to circulate air through a system of mine openings is 
press required to overcome all friction and shock losses along any continuous path from 
inlot to outlet, regardless of changes m the distribution of total quantity in different parts 
of that path. Press for circulating a definite quantity depends on whether natural or 
controlled splitting is used. 

Controlled splitting. General procedure in coal mines is to regulate, or add resistance 
artificially to, all paths from inlet to outlet except one, this being termed the “open 
split ” throughout the section occupied by divided flow. In calculating mine press, 
quantities are assigned to the vaiious branch splits and press requirements are calculated 
for each. The path of highest resistance is then determined and the summation of its 
press losses, from inlet to outlet, is the pi ess required for the total quantity. Regulators 
placed in all splits and branch splits, other than the open split, bring their press require- 
ments for assigned quantities up to that for the corresponding part of the open split. 

Mine characteristics. If press required to circulate one quantity Q is known, press 
required to circulate any other quantity Q' is cabily calculated, since press varies as 
(Q' -i- Q)*, whether for a single airway, or system of airways. Corresponding values of 
press and quantity may be plotted to show the press-quantity relation, or characteristic, 
of the aiiway or mine (Art 12, 15). 

Pressure-quantity relation (1) may be expressed as « rQ^, or as Q = eVS, where 
H IS press, and r and c constants; because both friction and shock losses vary directly aa 
the square of veloc, or quantity, for constant airway conditions. For unit quantity, 
^ = r, so r is a constant designating specific resistance to flow. For unit press, Q = c, 
80 c is a constant designating specific capac for flow. Many expressions equivalent to 
these, as “ equivalent orifice,” “ press potential,” and “Atkinson,” are in use. 
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EquiTalent orifice. Since flow through an orifice follows the same law as flow through 
a mine, the resistance through a mine or a fan may be represented by the size of orifice in 
a thin plate, that would pass same amount of air with same press loss (for a fan, “orifice 
of passage”) (10). The usual formula is a « 0.00040 -f- Vh, where a is area of orifice 
in sq ft. Its derivation (55) assumes constant density, a coeff of contraction of 0.625 
(or 0.65 if coeff of Q is 0.000385), and that all veloc press in the contracted stream from 
the orifice is lost. These conditions hold only for a small hole discharging air to atmos 
from a large chamber, for which the formula gives a close approximation. Although 
this conductance constant has been widely used, its restricted theoretical application has 
caused some confusion, especially in calculating size of regulator openings (Art 10). 
In form, it is equivalent to Q = cVS, where c = a -f- 0.0004. 


Pressure potential. The standard friction formula (Art 10) may be transposed to: 


* termed “ pressure potential “ by Beard (2), has often been 

used m solving theoretical problems of natural splitting or parallel flow. With p constant, Q varies 
directly as the press potential, whence, for splits beginning and ending together, total quantity is 
divided between splits in proportion to their respective press potentials. The formula is equivalent 

to Q c y/Ht where c « A X y/53. But, as it does not provide for shock losses and is not 


suitable for summations of pressure losses in series, involving variations in A, k or 3, it serves only 
for rough solutions. 

“ Atkinson.” A committee of the Inst Min Engra, London, recommended use of the form 
, which is the standard resistance form with press in lb per sq ft and quantity 

>1 000 A 

expressed in the “ cusec,’* or 1 000 cu ft per sec, equivalent to 00 000 cu ft per min (3). Hence, 
an ** Atkinson ” (commonly used m England) is the press in lb iier sq ft required to pass 60 000 cu ft 

per min » Ra “ , where a is equiv orifice in sq ft. 


Resistance factor. Most convenient form, much used in U S and Gt Britain, is 

/ Q \2 

^ I VArrnoo I » wherein the quantity unit is 100 000 cu ft per min. R has been 
\ltKJ UUU/ 

termed (9) “ resistance factor,” specified as the press required to pass 100 000 cu ft per 
min. This large quantity unit gives values close to umty for mine circuits and facilitates 
computations of R involving friction factor k. For problems of small flows in ducts, 
values of R are large, and a smaller quantity unit is better. 

Determination of R for an airway or a mine may be made directly from measurements of press 
and quantity. As R is affected by air density, values thus derived are corrected to standard density 
by multiplying by (0 075 -i- w). R may be calculated for friction losses, by inspection of friction 


formula: R ■ 


k X 10^0 PL 


5.2 A3 

cu ft (Art 9) ; whence R — 
For known equiv orifice, R > 


; for shock losses, //, >* A” //», where J/v = 




m 


1010 /7s 1010 X Hv 


Q2 


Qi 


1010 X 


Yoio 
623 V* w 
1010 A* F* 0.075 " 


= 0.0751b per 

W3 X 
A2 0.075’ 


; for known Atkinsons, R ■ 


0.535 /?A. 


Series flow. Resistance constant r (any unit), for an airway, is the sum of r-f actors for the 
friction and shock-loss conditions involved; r for a system of airways is the sum of tiie separate 
r-factors of successive parts through which the same total quantity flows (r « ri + r2 -f- ^3 -f* . . .). 

Parallel, or split flow. Where flow occurs in 2 or more .splits in pariUlcI, beginning and ending 
together, press diff H is the same on all paths, and total quantity is the sum of the separate 
quantities, or Q *» *f <32 4- . . . . Then by the general equation for resistance, H *■ rQ2, or 






also 




Vn 

J 

VT 


and ~ That is, the separate quantity through each spfat bears the same ratio to 


Vr _ 

Q y/rt 

total quantity as its 1 - 5 - V r value bears to 1/he same value for the group in parallel. 

Conductance Factor. In the foregesng expression, 1 + y/7 is a conductance constant, and, m 

solving problems in free splitting, is conveniently given a separate designation. Since ^ 

<3 1 

100 000 cu ft per min (9). C is quantity of flow resulting from a press difference of one in of water, 


and c ' 


C (“ conductance factor “) when 17 is in of water and Q is 
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and measurefi oapac for flow of an airway, or system of airways. It can be determined directly 
from quantity and press measurements, or calculated separately for friction and shock losses; but, 
as it does not provide for combining press losses, it is useful only for the specific case of split flow. 
Hence, it is simpler to derive C values from R values (C = 1 -r- y/lk) and use them for deriving R 
values to represent split flow, or resistance to flow where the total is divided between 2 or more paths. 


Abandoned 
workings 
caved or 
scaled 


Laws of parallel or split flow: (1) the conductance constant for a group of splits with 
ends in common is the sum of the conductance constants of its parts; (2) total quantity 
is divided between the parts in proportion to their conductance constants. 

Natural splitting. In metal mines, air currents are usually 
allowed to divide naturally, without use of regulators. Calcu- ~ 
lations of mine press are then less precise, as working zones 
are usually a network of airways. Approximations can usually 
be made by ignoring networks and ti eating mam airways as a 
series of branching splits. A diagram of the usual metal 4 
mine, or section of a coal mine, resembles a ladder, somewhat I 
as shown in Fig 27, in which series-flow in mam airways often 
accounts for 80-90% of total lesistance. In attempting a 
summation for split flow, begin at the bottom, or innermost, 
split. Calculations are made m terms of corresponding resist- 
ance and conductance constants, adding resistances for flow 
in series and conductances for flow in parallel, and converting 
from one to other as requiied, until a single resistance value 
for split flow IS obtained; to winch are added resistances of 
airways carrying the total flow, to obtain the mine resistance m 
terms of r in fi = tQ^. Actual mine press is then obtained for 
any particular quantity of flow. Proportionate distribution 
remains constant with change in quantity, exempt as affected 
by natural draft (Art 12). In computing the resultant resist- 
ance for split flow, networks are avoided by ignoring cross 
connections and approximating resistances for a group of N 
similar airways as equal to 1 -i- times that for a single airway. 

Charts for finding resistance values and converting them to 
corresponding conductance values facilitate this analysis (9). 


Fig 27. Diagram of Main 
Airways of a Typical Metal 
Mine (9) 


Networks. Calculation of division of flow in a network of openings is possible, though tedious. 
The square relation for quantity practically prevents (12) solutions by Kirchoff’s laws, as applied 
to electrical networks, but solutions may be made by trial and error (58). 

Allowances for leakage. Indeternunate leakages cause discrepancies between computed and 
actual resistances. Each leakage path is .a high-resistance path or separate split, .\pprox solutions 
for effect of leakage may be made for given conditions by assuming Tariations in quantities; but 
accurate solutions for known conditions involve networks. Mathematical solutions for 2 common 
forms, leakage at stoppings between airw-ays and leakage at joints in pipe hnee, would greatly aid 
computation Where leakage and percolation exist, values of A: or r may be assumed at about 60% 
of normal values for airtight airways. 

Allowances for density changes. Computations are easier if baaed on standard density for 
which measured values may be corrected, with final result corrected to aver prevailing density. 
Minor variations from standard density are usually ignored, as m mines near sea level. For deep 
mines or at high altitudes, a^er density is generally used, without regard to seasonal variation. 
Change in quantity Q, due to greater density in depth, is usually ignored, although excessive allow- 
ances are often made for change due to aver temp difference between main intake and return. Only 
the weight flow is constant. Press vanes directly as density for constant Q, but Q varies inversely 
as density for constant weight flow, and, since press vanes as the net result is that, in terms of 
flow at surface, resistance at depth vanes inversely as density, rather than directly. Density- 
increase with depth at constant temp is between 3 and 4% per 1 000 ft for aver temp and press. If 
li is press required at 0 076 density, Iff fan press, ic/ density at surface fan, and tPm mean density 
of flow, 




II 


Wf Wf 
0.075 Wm 


and not 


H 


Wm . 
0.075 


The second form is often used, but gives results too high by 2-3% per 1 000 ft of depth for deep mines. 


Power-quantity relation. As rQ^ may be substituted for H in the formula for horse- 
jrQ 5.2 HQ rQ^ 

power (Art 9), hp « jg^^OO " 33000" ** 6'350 * constant mine resistance and 

constant density, hp required to circulate air varies as Q* (Art 14). Since H * 12 
{Q 10'^)*, alKJve formula in terms of resistance factor R is: hp * 15.75 R{Q -r 10*)*. 

Economica of air flow. Minimum total cost for air flow depends largely on design of 
main airways for proper balance between power costs and capital construction chargaa. 
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Since power varies as for constant resistance, small increases in Q require large increases 
in power, and large increases in Q are obtained practically only by reducing resistance to 
flow through physical changes in the airways. Data on friction and shock losses (Art 10) 
indicate procedure. Changes in area A are important, since resistance and power, 
for constant quantity, vary as for friction losses, and as A* for shock losses. In coal 
mines, construction of new return airways to permit use of old ones as additional intakes, 
is a common expedient for increasing area. The large range in possible power costs as 
affected by quantity and area is indicated in Table 5. Character of wall surface may 

Table 6. Comparative Power Costs Due to Friction Pressure Losses for 1 000-ft Lengths 
of Straight Timber-lined Airways 


Siae of 
airway, 
ft 

Area of 
airway, 
sq ft 

Resist 

factor 

R, for 
AX 1010 
» 100 

Air h p for 

Annual power cost at 60% over- 
all effic and at 1 fS per kw-hr, for 

25 000 
c f m 

50 000 
c f ni 

100 000 
c f in 

25 000 
c f m 

50 000 
c f m 

100 000 
c f m 

4 by 6 

24 

27 82 

6.85 

54 8 

438 

$746 

$5 965 

$47 716 

5 by 7 

35 

10.77 

2.65 

21 2 

170 

289 

2 308 

18 472 

6 by 8 

48 

4 87 

1.20 

9.6 

77 

131 

1 044 

8 353 

7 by 9 

63 

2.46 

0 61 

4.8 

39 

66 

528 

4 219 

8 by 10 

80 

1 35 

0 33 

2 7 

21 

36 i 

290 

2316 


affect power requirements in the ratio of 10 : 1, as indicated by vaiiation in friction factors. 
Reducing k X 10^® from 100 to 20, by smooth-lining timbered airshafts, more than doubles 
resultant flow for same power consumption (20). Redi ction of shock losses is a fertile 
field for reducing power loss. A special case is the top of a fan shaft, where press loss at 
a right-angld turn is often 0. 2-0.3 in of water. Long life justifies a long-radius curve or 
“blade” bend (Art 10). Short life justifies a short 45° connection, which decreases power 
loss usually about 1/3 and puts fan out of direct line, as it should bo at a coal mine, and as 
required for emergency hoisting at a metal mine. A “blade” turn in a square bend at 
such locations is found at a few coal mines, and normally doci eases power loss of a plain 
square bend by 75-80%. Shape of airway slightly affects power loquirements, in a 
range of 2-1 for normal conditions. Minimum is for circular shape, with octagon and 
square as close competitors (Art 10). 

Allowable costs for reducing resistance. Costly changes in airway conditions must 
be justified by economic advantage, which may be computed with fair accuracy. Com- 
paratively short life involved in mine installations usually justifies crude rather than 
elaborate types of design. For rough estimates, it is convenient to lemember that 
100 000 cu ft per min at 1-in press costs $1 000 per year, at oveiall effic of 51.5% wuth 
power charge of 0.5jlf per kw-hi ; corrections for specific cases are then a matter of direct 
proportion. For shock losses, veloc press is approx 1 in at 4 000, 1/4 in at 2 000, and 
I/I6 in at 1 000 ft per mm. 

Economic size of airway may be determined by computing capital charges and power 
costs for a small numlier of specific sizes and finding the minimum. Caieful investigation 
is justified where large quantities are involved. Weeks (12) cites a case wheie handling 
100 000 cu ft per min through 1 000 ft of 8-ft diam circular shaft for 12 yeais would repre- 
sent an increased cost of $57 000 over a 10-ft diam shaft. Mathematical investigation 
of friction losses in airways (59) shows that A — , where A is area for max economy; 

Y is resultant of many separate factors, involved in capital charges and power costs. Area 
for economy is thus mainly a question of Q. Results of one set of computations as above 
can be solved for areas for other quantities may then bo determined by the above 

equation. 

Economic velocities. Above equation, confirmed by computation (69), indicates 
that the range of economic velocities (F «= <3 A) is limited. For aver conditions, safe 
approximations are: fiOO-l 000 ft per min in unlmed airways, 1 000-1 600 in timber- 
lined, and 2 000-2 600 in smooth-lined airways, 

12. NATURAL VENTILATION 

Natural draft. Press differences, required to cause air flow, may be produced by 
natural or mechanical forces. Flow caused by unequal densities, or weights, of air col- 
umns in or near the openings (due mainly to temp differences) is “ natural-draft ” flow, 
and resulting pressure-differences are “ natural-draft ” pressures. The relatively feeble 
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currents forming complete flow circuits in tmdivided single openings, also due to unequal 
densities, are separately termed “convection currents.** Many metal mines, and some 
small coal mines, are ventilated by natural draft alone, which also acts in conjunction with 
fan pressure in mechanically- ventilated mines; where its importance largely depends on 
depth of workings and mine resistance (Art 14). 

Natural-draft pressures, or density press, are differences in total wt of air columns of 
unit cross-sec and same difference of elev or vert height. They are computed by assuming 
the air to move in closed circuit from intake opening, through the mine to the outlet, and 
thence over the surface at insensible veloc back to the intake. This circuit is divided by its 
highest and lowest points into 2 columns; and difference in wt of these columns tends to 
create flow from the heavier to the lighter. Where currents in inclined workings split, 
each split is a similar complete circuit, which includes the main airways, or 2 connections 
to surface. Each separate circuit, although it may overlap others, develops its own 
natural-draft press, which is dissipated by resulting flow in the circuit. Pressures on 
split-flow circuits in multi-level mines may be opposed in direction; in summer, flow on 
upper circuit, may be from upcast to downcast, due to temp changes in downcast. 
Usually one column is partly or entirely outside the mine; for tunnels, both are outside. 
Surface components are seldom important, because they usually involve only small dif- 
ferences in elev as compared with underground components. 

Seasonal and daily changes. Weights of downcast columns and surface components 
depend largely on surface-air temp. Major effect is usually confined to relatively shallow 
depth of downcast, depending on veloc of flow. With high veloc, variation in temp at 
3 000 ft may bo as much as one-tenth the surface variation. Due to seasonal variations 
in surface-air temp, seasonal reversal of flow, or of press operating in series with fan press, 
occurs m mines having largo surface comixinents, or in relatively shallow mines, or upper 
parts of deep mines. In the latter, directions of main flows remain constant; seasonal 
effects are reflected in variations of press and quantity of flow. Where reversal of flow 
occurs, circulation may be sluggish or lacking for hours, days, or w’eeks; the time depends 
largely on elevations of surface openings. In 2 such periods, late spring and late fall, the 
flow may reveise daily, due to difference betw’cen day and night temp. 

Currents started artificially in deep mine^, \shen mine atmos is in equilibrium, may determine 
permanent direction of flow, due to temp changes caused by the flow. In deep naturally- ventilated 
minee, operating shafts are usually upcast becau.se a slight excess production of heat in them starta 
feeble upcast flow, which in turn increases temp diftertuices and increasei' flow'. Many, once reversed 
for a time (as by a fan), would remain so permanentl.x . 

Quantity of flow. Except in deep mines, or those ha\'ing many large openings, natural flows 
are small because temp differenoea are small, or act only on short columns; the flow' usually ranges 
from say 5 000 to 20 000 c f m In deep mines, depending on depth and sire and number of open- 
ings, fl«)ws from 50 000 to 150 000 c f m are found A\er temp of mine air is higher than that of 
surface air, due to increase of rock temp with depth (Sec 23) In a naturally-ventilated mine, circula- 
tion 18 normally better in winter than summer; in a mcehanically ventilated mine, natural press 
acting witli fan press is noimally greater in winter than in summer, causing similar, but smaller, 
variations in flow 


Intensity of natural pressures in shallow mines usually ranges from a few hundredths 
to a few tenths inches of water, in deep mechaiucally-ventilated mines, max is about 1 in 
for w'liiter ami 1/3 in for sunimer, i>er 1 000 ft of column depth underground (9). Max is 
larger for suiface columns; at the (V-mile Moffat Tunnel in Colo, under a 3 000-ft peak, 
mcasiiromonts over a year showed max of oter 5 in of w’ater in winter and 2 in in summer, 


with more lajiid variation than w'ould occur at mines. 

Measurement of natural pressure. If a stopping, or door, can be so placed as to stop 
the flow on a total-flow (‘ircuit temporarily, the pi css-difference on the stopping approxi- 
mates the natural jircss causing the flow (12), as underground temp changes very slowly. 
If impracticable to stop the flow', a similar procedure may be applied to various splits in a 
multi-level mine, but analysis of resulting pi ess and flow measurements is involved (60), 

Calculation methods. Wt per cu ft of moist air (Art 9) depends on temp, abs press, 
vapor content, and impurities present, all varying too much to justify precise calculation, 
whii'h involves logarithmic means for temp (4) and abs press (12). Accuracy within 
2-3^0 18 possible by using w'eighted averages for separate sections of a column of variable 
temp, to obtain its aver density. Difference in aver densities of the 2 columns gives 
their aver difference in w't, lb per sq ft; this multiplied by ft of air column gives total 
press in lb per sq ft, wdiich is divided by 5.2 to obtain press in in of water. The small 
variations in aver barom press and vapor content are usually neglected except in deep 
mines. Results within 5-10% are obtainable by the following approximation: ** 


1.325 BL 
5.2 


" 0.255 BL , where Hn is natural-draft press, in of 
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water; B is aver abs pceeSf in of meronry, obtained approx by direct measurement near 
center of colunins» or from measurement at any eiev, corrected for difference m eiev from 
center at the rate of 1-in ciiange per 1 000 ft (more closely if rate of change is known) , 
L 18 vert height of air columns, ft, and Ti and Tt are aver aba temps of the columns, 
deg F, weighted with lengths of separate sections if column temp vanes Natural press 
may be estimated as 0 03 in of water per 10° F difference per 100 ft difference m elev, at 
standard air density of 0 075 lb per cu ft 

Application of natural-pressure measurements and calculations. Data on natural 
drafts and separate components are required to calculate approx changes in quantities 
and distribution, that would result from changes m either a natural or a mechanical venti- 
lating system. Calculated resistances may be checked against resistances determined by 
calculated natural drafts and measured hows (60), when installing a fan at a naturally- 
ventilated mine. Intensities of 
natural press are necessary to 
calculate power requirements for 
changes of fan speed for mechan- 
ical ventilation, and for distribu- 
tion calculations. 




B 


Adit and over the-hili shaft Sideblll shafts 


Fig 28 Pressure-quantity Character- Fig 29 Natural-draft Columns for Simple Flow 
istios for Natural-draft Flow (9) Circuits (9) 


Characteristic of natural-draft flow la taken as a straight line, that is, preM (at any 
one time) remains constant with change in quantity, if such change is produced otherwise 
than by change in natural press If the natural-draft characteristic (straight line) and 
mine characteristic (parabola) are plotted to the same scale (Fig 28), the crossing point, a, 
mdicates quantity that will flow 

Natural-draft distribution. Solutions are relatively simple for flat workings with 
2 openings to surface, as only one press is involved, which may he considered as a single 
fan press With more than 2 openings, separate pressures apply lietween each individual 
pair, and the resulting distribution is as though a fan were operating between each pair of 
opemngs For inclined workings, distribution is as though a fan were on each cross- 


connection For all except the first 
condition (fortunately usual in 
most U S coal mines) distribution 
calculations as between shafts and 
levels require either tnal-and-error 
methods or solution of simultane- 
ous equations (61) 

Til 



Fig 30 Simple Metal-mine Type of Fig 31 Simple Coal-mine Type of Hplit-flow 

Spht-flow Circmta Circuits 


Simple flow circuits Natural-draft generation in fiat-seam workings may be repre- 
sented by the simple flow circuits of Fig 29, with 2 columns of equal height The sm^de 
horuB connection represents the multiple openings of actual workmga In case A, winds 
are usually given credit for flow actually caused by the natural press difference of the 
2 columns shown by dotted lines. 





NATUBAL VENTILATION 


U-37 


split-flow circuit of the simplest type is represented by an interior shaft to surface 
from a tunnel, equivalent to a fan acting at each portal; here, 1 shaft is better than 
2 or more, as flow between interior shafts is practically nil, due to small temp differences. 
A simple type often found in metal mines is shown in Fig 30, and its counterpart in coal 
mines in Fig 31. In the usual metal mine there would be no bypass, or separation of 
currents, at junction of adit and inclined shaft, hence some recirculation would occur on 
the inside loop. In the coal mine there would be 2 splits, separated by a stopping at Z). 


Example. In Fig 31 \e^AB be a slope, and CDE a level, with connecting air courses. Cross-sec 
of all passages is 6 by 8 ft, and coeff of friction is 0.8 -4- 10®. Average barom press between A and B 
is 30 in. Temp of outside air, 32® F, and its humidity 50%. Aver temp and humidity of the slope 
from A to B, 65® F and 96%. Under these conditions the mine air will be lighter than outside air, 
and a current will flow in at C and out at A. Part of the air will pass into the level by first circuit, 
CEDAC, and part by the second circuit CDBAC. As CE and DE are level, the density of the air 
in them is of no effect Influence of incoming air makes the aver temp and humidity of slope DB^ 
50® F and 90%. Neglecting impurities, weights of air under these conditions are (Art 9): 

At temp 32® F, humidity 50%, barom 30 in, 0,081 lb per cu ft 

“ “ 50° “ “ 90^'^ “ 30 “ 0 078 

“ “ 55®“ “ 95% “ 30“ 0.077 “ “ “ “ 

Then for the press of the air columns of the first circuit: 

500 ft of outside air 0 081 lb per cu ft = 40 5 lb per sq ft 

500 “ “ inside “ @ 0 077 = 38,5 “ “ “ “ 

Difference = motive press p' = 2.0 “ “ “ “ 

Similarly, for the second circuit 

500 ft of outside air 0 081 lb per cu ft == 40.5 lb per sq ft 

800 “ “ in.side “ (<a 0 078 “ “ “ “ = 62 4 “ “ “ “ 


Total weight of column = 102 9 “ “ “ “ 

1 300 ft of inside air 0 077 lb per cu ft = 100 1 “ “ “ “ 

Difference = motive press p" — 2.8 “ “ ** “ 

If 0 be totAl cu ft of air circulating per min, and q' and q" be the parts in first and second splits, 

respectively, the \elooitie.s are Q — 48, q' 48, and q" — 48 The surface rubbed by total 
current in CD A equals 56 000 sq ft, by air m first split DED, 112 000 sq ft, and by air in second 
split, DBD, 89 600 sq ft If both splits are open (without regulators. Art 5), the simultaneous 
equations to determine Q, q\ and q" are (neglecting velocity head): 

k X 56 000 ^ X 112 000 , 

M8/ 






48 

k X 56 000 , 


C-Y 

\4S/ 

(£)’ 

V48/ 


48 

X 80 600 . 


Putting A* *= 0.8 


48 V48/ 

10®, these equations reduce to. 


©■ 

©■ 


2.0 


2.8 


5 6 Q2 + 11 2 - 2 76 X 10» 

5.6 Q* + 8 96 « 3 S6 X 10* 

Q = + q" 


whence, (? = 20 100, 7' =» 6 7CK), and q” 13 400 cu ft per min. 
The friction press in different parts of mine are. 


A-sF* 

From C to D (or D to .4), 

a 

“ D to E (or E to D), “ 

“ D to B (or B to D), “ 


08 ^ 28 000 X 17 6 X 10* 

10® 48 

0 8 56 000 X 1 95 X 10* 

Fo® ^ 48 

OjS ^ 44 800 X 7.8 X 10 * 

10® ^ 48 


0,82 lb per sq ft 
0.18 “ “ “ “ 


0.58 


The head produced by the different densities l>etween A and level CE « 2.0 lb per sq ft. Of 
this, the air moving in CD and DA alisorl^s 1.64 lb, leaving 0 36 lb per sq ft, equivalent to water gage 
of 0.069 in, read on an instrument placed in the stopping in the crosscut at D. Also, this pressure 
measures the friction in level DE (2 X 0 18 =* 0 36 lb per sq ft). The split in the slope is assisted by 
a difference of den.sity in the two legs, amounting to 0 8 lb per sq ft. As the ventilating press at 
D «• 0.36 lb, the total press in DBD is 0.36 + 0.8 « 1.16 lb per sq ft, w'hich equals the friction head, 
2 X 0.58. 


Workings to dip or rise. The essential features of natural ventilation of openings 
above or below a through current are shown in Fig 32. Theee may be termed “ shunt ” 
circuits, as one branch leaves, and returns to, a main airway, through which the flow is 
dependent on outside sources. Natural press generated by columns a and b causes flow 
far different from that due to natural splitting, without such local natural draft. Temp 
increases, and addition of lower-density gas, such as CH4, cause natural draft that opposes 
flow in a shunt above an airway, and acts witli it in one below an airway. Cooling air 
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currents and presence of heavy gases cause the reverse. In developing hot or very gaseous 
mines, it is often cheaper or safer to drive development openings to the dip rather than the 
rise, although the latter may otherwise be cheaper and more convenient. Gas-air mix- 
tures in pitch workings are difficult to move down the pitch, as relatively short columns 
of air and methane-air mixtures generate large natural-draft press. 

Multi-level split-flow circuits of common type are shown in Pig 33, where a and b 
are vert projections of either slopes or shafts, adjoining or separated. Here there are 
4 overlapping circuits, ach, adb, aeb, and afb, in each of which the total press losses must 



Fig 32. Shunt Type of Split-flow Circuits 



Fig 33 Multi-level Type of Split-flow Circuits 


equal the difference in wt of the air columns Ci and Cj, di and d>, ei and C 2 , f\ and/ 2 , respec- 
tively. With resistances and pressures known, quantities are determined by solving 
simultaneous equations, of which 4 are obtained by equating the natural pi ess for each 
circuit to the sum of its separate resistances, the first being He = ^c 2 Qc 2 + 

Also, total quantity equals the sum of the separate quantities, giving 5 equations Hesist- 
ance and conductance factors (Art 11) facilitate calculations, which are very tedious. 

Recirculation due to 2 general conditions may be visualued by referring to Fig 33. (1) high-temp 
air entering the downcast shaft a, but cooling quickly in length r, m.ay cause flow m the c level 
opposite to flow in levels below; (2) natural press difference is normally greater m each successive 
level below; hence, where cro8.s-flow resistances are less than those of the upcast, air is often forced 
from upcast to downcast rather than to surface. Consequently, Large quantities may circulate 
underground, where only small quantities pass to and from surface (9). 

Control of natural ventilation (Art 2). Natural-draft pressures give rise to many 
variations of flow conditions in both naturally- and mechanically-ventilated mines. In 

both, however, natural drafts can 
be partly controlled and used to 
max advantage permitted by exist- 
ing conditions. The lieneficial 
effect of a few doors in a typical 
small metal mine is shown m Fig 
34. Seasonal reversal of natural 
flows 18 undesirable, tx)th foi ven- 
tilation, operation, and safety. 
Reversals aie i educed by eliminat- 
ing large differences in surface elev 
between inlets and outlets; by 
coursing intake downcast air at 
low veloc close to the surface, so 
that surfaee-air temp variations affect only a relatively small part of downcast air 
columns; and by couising return air at high veloc, to conserve relatively high temp in 
upcasts. For application of these methods to a medium-sized metal mine m mountainous 
country, see Fig 35. 



Fig 34. Controlled Natural-draft Distribution (9) 


Artificial aids to natural draft (62, 6). before the common use of fans, natural draft was sup- 
plemented by furnaces, stacks, air-, w'ater- and steam-jets, and falling water. Furnaces arc par- 
ticularly dangerous. All these devices are inefficient and have been displaced by fans, except for 
remote prospect openings and occasional emergency use in controlling natural draft currents (see 
2nd ed of this book, Rec 14, Art 11, 19). 

Effect of wind. Wind mey exert press on mine openings by impact, or increase pressure losses 
of a mine siretem by deflecting discharge currents. On a high-presa system, the effects are usually 
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variable and small; becoming important only on low-resistance systems, unless winds are very 
strong. Not more than 80% of wind-veloc press (measarcd some distance away) is actually 
exerted on a building of cubical shape, and the same relation is assumed for effects on mine openings. 
Deflectors, or wind cowls, on mine openings would be a doubtful economy and hardly practicable. 


Convection currents are 
natural draft currents cir- 
culating in a single undi- 
vided opening. Unequal 
densities, as between col- 
umns in such openings and 
those m adjacent atmos- 
pheres, generate pressures 
that are used up by flow to 
keep abs press everywhere 
in equilibrium. Such cur- 
rents, sometimes traveling 
at insensible veloc and hard 
to detect even by smoke 
clouds, sometimes strong 
enough to be easily per- 
ceptible, are the major fac- 
tois in natural ventilation 
of “dead-end” openings. 

In horiz openings, the 
colder air travels along the 
floor, the warmer along the 
roof, with a “neutral” zone 
betwe<‘n the flows, whi<’h ex- 
pands vertically in the dirco- 



Fig 35. 


Natural-draft Distribution Controlled to Prevent 
Seasonal Ilevcrsal (9) 


tion of flow until temperatures are finally equalized by action of the wall rock, and flow terminates. 
In one case, such currents maintained an air temp of 90® F saturated at the face of a 5 by 7-ft 
crofekscut in rock at 115®, and 120 ft from an airway carrying 66® saturated air; in another, a 43® F 
differential caused currents that could be traced about 1 000 ft (9) 


13. MECHANICAL VENTILATION 

Definition. Mechanical ventilation produces underground air currents by press 
difTerences geneiatetl by funs, the pressures acting in conjunction with each other and 
with natural-draft press. Most coal mines and many metal mines are thus ventilated. 

Development of fans. Early types consisted of a rotating drum, with vanes mounted 
on the open run and with a central opening in one side, opjxisite the mine opening, whence 
air was drawn into the fan and discharged into the atmosphere. With the addition first 
of a side casing, and later of complete casing with expanding dischaige opening, the 
prestMit centrifugal fan was developed, in which the air is discharged at right angles to 
direction of cntiy. Axial-flow fans, in which air is driven axially by the oblique stroke 
of vanes or blades sot at an angle to plane of rotation, have been limited to light duty 
until (juite recently, when propeller designs, suited to all mine service, became available. 
Positivi'-displacement machines (Art 14) are used only for ventilating long tunnels. 
Injectors (Art 14) have a very limited use in fan-pipe auxiliary ventilation. 

Designations. Farm are termed "main” fans when ihev handle the total flow of the mine or 
of a major circuit; “booster” fans when installed to aid distribution in one section of the workings, 
"auxiliary” fans when used with pipe or tubing to ventilate single openings. Position of the fan 
with reference to the airway circuit determines the common designations: "pressure” or “blower 
fan” for intake position; “exhaust” or “suction fan” for discharge position; and “booster fan” for 
intermediate positions. Position of fan determines press difference between the atmosphere and 
a particular point in the air circuit, but does not affect the press difference generated by the fan, 
or, for the same direction of flow', the press losses due to flow (71) (Art 14). 

Centrifugftl fan is a low-press large-quantity machine, producing a difference in total 
press lietween its inlet and outlet. It is essentially a drum or wheel, composed of a number 
of blades on a frame keyed on a shaft, Inclosed in a casing with parallel sides and gradu- 
ally-expanding periphery. Air entering at center of one or both sides is caught up by 
the blades, and given a rotatory motion while being thrown toward the periphery. Cen- 
trifugal force is developed, which generates static radial press from center to circum- 
ference (12). Also, pressure is developed by impulse effect through conversion of velocity 
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press (in excess of that required at discharge) to static press in the expanding housing. 
Some of the press developed is lost in the fan itself, by friction against casing and blades, 
and by shock losses at entrance and in passage through the fan. (See Art 14 for per- 
formance, Art 15 for application, and Aj-t 16 for selection of fans.) 

Open-running fans have side casings only, discharging freely to atmosphere from the periphery. 
This type, now represented only by the Waddle (English) (3, 6), can be used only as an exhaust 
fan. A few were installed at U S coal mines, but are now raurely used. 

Guibal fan was the forerunner of closed fans with expanding discharge, from which 
modern centrifugal fans have developed. At first, the casing was circular and extended 
to about the three-quarter point (Fig 36) where the expanding outlet or eva86 started. 

Blades were flat, but laid back 
at about 46® from radial posi- 
tion, and supported on braced 
bars bolted to parallel “spiders” 
keyed to fan shaft. At first, 
all were single-inlet. Later de- 
signs included more or less 
complete expansion scrolls, 
double inlets and backward- 
curved blade tips, though with 
many variants; they are slow- 
speed fans, of diam up to 40 ft. 
Many are still operating with 
fair effic in Pa anthracite mines, 
and a number in the bituminous 
districts. A modification of the 
Guibal, the Walker “Indestruc- 
tible,” is still made in England 
(3). Intermediate types of 
deep-bladod backward-curved 
Fig 36. Early Type of Guibal Fan (12) radial-vane centrifugals, mostly 

smaller and of higher speed 
than Guibals, were installed (1895-1910) in U S bituminous mines, the Capell fan (73, 6) 
being the best known. 

Multiblade, or “ Sirocco,** fans. Modern designs in U S are almost all of the 
multi blade type, wherein the drum-shaped rotor has a large number of shallow blades 
(the original Davidson or Sirocco had 64, forward-curved blades). Designs differ mainly 
as to shape and position of blades. Although 
tyjjes with radial, forward-curved, backward- 
curved and composite-curved blades were 
developed simultaneously, 1900-1905, the 
forward-curved blade types, due to greater 
capac for equal size and speed, have dominated 
the U S mining field. Practically all main 
fans at metal mines, most fans at bituminous 
coal mines, and many at anthracite mines, are 
of this type. 

Fig 37 shows a typical Sirocco fan in an old- 
style, eungle-inlet, industrial type of casing. Late 
designs have a higher cut-off with top of fan dis- 
charge about on center-hne, thus reducing overall 
height; mine designs have evas^ cLscharge. Most 
znetal-mine and many coal-mine fans m U 8 have 
this type of rotor. A commoner type at coal 
mines is the Jeffrey stepped multiblade rotor 
shown in Fig 38. Backwabd-cubved multi ulads 
FANS, on account of certain desirable character- 
istics for mine use (Art 16), were introduced in a Pig 37. “Troy” Sirocco Fan (6) 

number of designs about 1925. Many have been 

installed, particularly in metal mines for secondary services, but there are few main-fan installa- 
tions of this type, probably because of size and speed Amitations. 

Varifttions in design. Available designs vary in number of inlots, width, degree of 
coinpleteness of housing, and direction of rotation and discharge. Basic design of stand- 
ard single-width fan may have single or double inlets. A double-width fan always has 
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2 inlets and is virtually 2 single-width fans with rotors on a common shaft. Double- 
width fans are popular as main fans for mines, especially underground, because both fan 
and installation costs of large units are usually lower than for single-width. The latter 
generally give lower total costs for small umts and sidehill surface locations. The double- 
width fan passes about twice as much air at same press as the standard single-width of 
same design. Fans of special width occasionally are used for operating conditions not 
conveniently met by standard designs. Standard design has a complete metal housing 
(“ full-housed ”). The purchaser builds foundations according to plans supplied with the 
fan; since he must erect a building to house the fan diive and ducts to connect the fan 
to the mine, he may also build part of the fan housing, for which the maker furnishes plans; 
the fan is “ half-housed ” if the buyer builds the lower half, “ three-quarter housed ” if he 
builds the lower quarter of the housing. Where the casing extends below ground level, it is 
important to provide for draining the pit. 

Reversing arrangements. Air flow through axial-flow fans is reversed by reversing 
direction of rotation. In centrifugal fans, direction of rotation is constant, and flow is 
reversed by reversing the connections of fan to atmosphere and mine respectively, by 

adjustment of doors in the housing 
(Fig 39). The doors permit con- 
siderable leakage, and resistance to 
flow through the connections is 
greater for reversed than for normal 
flow; hence design should be gov- 
erned by the primary duty. In a 
surface installation, the reversing 
feature represents up to 20% of 
cost; undei ground, up to 50%. 


D<m I 


Fig 39. Setting for Reversible Fan 

Direction of rotation and discharge. Direction of discharge is designated by the relation of 
center lino of discharge to position of fan shaft, when Mewed from the drive side (in a single-inlet 
fan, the side opixwite the inlet, regardless of position of drive). From this viewpomt the normal 
rotation and discharge are clockwise, and vice versa. If the line of discliarge is horiz and above 
the shaft, the discharge is top honz; if below the shaft, bottom horiz If the discharge is vert, it is 
either upblast or downblast, nreording to whether above or below- the shaft. Discharge in any 
other direction is angular discharge, and specifietl in degree as top or bottom angular, up or down 
discharge. 

Disk fan ia an axial-flow fan with plane or cuivod vanes, attached to a shaft through a 
central hub or disk. It is easily erotited, operates at high speetls, is cheaper than a centrif- 
ugal for the same duty, permits reversal of flow' by simple reversal of rotation, and is only 
a httlo less eflicient than a centrifugal; but it is adapted only to a low resistance system. 
Many are installed at coal mines, a few’^ at metal mines. Usual types have iron or steel 
wheels, 1.5-10 ft diam, with 5-T2 vanes with tips at about 30® to plane of rotation, cor- 
responding to a peripheral screw pitch of about 1.8 diam. Casing is cylindrical and 
serves merely to protect blades and give a surface to seal to. To increase effle by pre- 
venting i?ddios, late designs have the central part, to 0.5 diam, blanked off with a disk or 
cone. Limiting tip speed is 2 000 ft per min for large, to 12 000 ft for small fans. Pres- 
sures rarely exceed 1.5 in water-gage, but greater press is obtainable from especially strong 
wheels. Larger sizes pass 100 000-150 000 cu ft per min. 

Propeller fens (7) of axial-flow type, with proiMjller-shaped blades attached to a central 
hub on a shaft, are refined types of disk fans, developed in aeronautical research. They 
generate high veloc at low press difloreutial, at the same time imparting a spin to the air. 
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For high effic, an expanding discharge (diffuser or evas^) is required to convert veloo to 
press, and guide-vanes are required to take the spin out of the air after it leaves the 
propellers, or to put the proper spin in the air as it enters them (Fig 40) Advantages of 
modern designs are. cheapness and easy flow-reversal of the disk fan, non-overloading 

power characteristic (Art 
16) of the backward-curved 
multiblade centrifugal, and 
higher effic than present- 
day centrifugals They are 
therefore rapidly supplant- 
ing centrifugals in mine 
service, where their chief 
drawback, noisiness, is 
rarely important. 

An early Corpus design 
found use in Western metal 
mines for auxiliary and booster 
service Stbart in Australia 
(66) showed that airplane-type 
propellers, mounted in senes 
on a common shaft, gi\e effic 
comparable to that of centnfu- 
Fig 40 Propeller Fan (7) fans and can be adjusted 

to variable duties by changes 

in number and pitch of blades A number of Steart fans have been installed in So Africa and m 
England, \iihere one at the Grange colliery (67) has 14 10-ft diarn, 2-bIaded propellers In the 
Jeffbby Aehovanb (1931), 12 airplane-type blades are mounted in a single hub, and 2 stages, or 
2 fans in series on a common shaft, are used for press much exceeding 2 in, depending on diam A 
later design, the Aerodyne, has 8 blades of t>pical propeller-fan design, operating in a streamline 
fairing, and applies to all mine pressures in a single stage Ladel- Irollek fan has 4 blades operat- 
ing in a shaped central fairing and is also designed for the whole range of mine press in 1 stage, as 
are 2 similar designs used in Europe and So Africa, the Belgian “ Aeroto ” and English “ Aerex ’* 
Experiments are in progress to provide for changing pitch of blade, so as to maintain max effic with 
changing mine resistance, a feature of the Steart fan omitted in later designs 

Fan bearmgs. In smaller sizes, shaft bearings are supported by the housing, but m 
the larger units, the shaft and wheel are supported on pedestals independent of the 
housing If foundations settle, as they often do around mine workings, wheel and casing 
are thrown out of alinement and perfoi mance is seriously affei ted 

Fan dnve Direct-connected steam drive is preferred at gaseous mines, as most 
dependable and permitting easy change of speed Belt drive by constant-speed a-c 
motor is common, with speed adjusted by changing belt pulleys Variable-speed 
motors are sometimes advantageous, but seldom used because of higher cost Direct- 
connected units are best for auxiliary fans, occasionally for boosters, their speeds are 
limited by the phase and cycles of the elec current, S-phase, 60-cycle predominates, but 
25-cycle current is sometimes used Short-center V-belt drives are favored, as flat- 
belts often give trouble underground Squirrel-cage induction motors are common, 
although synchronous motors may be used on large units for power-factor correction, and 
other types for multiple-speed control At gaseous mines, either 2 units with dilTeieiit 
sources of power, or 2 different types or sources of i>ower for a single umt aio reqinreil for 
absolutely dependable service Steam and elec dnve for close-in fans, and elec and 
gasolene-engine drive for outlying fans, constitute good practice in anthracite mines 
Auxiliary fans of several types are made for comp-air direct drive by a turbine attached 
to the fan, small comp-air motors are also obtainable These are less effic than elec 
drives, but useful when current fails, as at time of a mine fire, and for temporary service, 
since comp air is generally available in metal and anthracite mines 

Booster fan position, in active areas underground, requires provision for tripe and men to pass 
without disturbing the flow If 2 openings exist at desired location, fan is placed to discharge 
through a stopping in one, with an airlock in the other, if there is only one opening, fan may bo 
placed in a short run-around drift, and the original opening is air-locked In firm ground it is 
generally cheaper to widen the opening and provide an airlocked passage alongside the fan (Fig 41). 
With passage limited to men and single cars, a small fan may be placed at one end of a short air- 
lock, with the discharge carried through the doorframes m pipe of same area as fan discharge 
Installations should be fireproof, or at least fire resistant Fans with non-overloading power char- 
BOteristics (Art 16) are besst for this duty Confimng flow to one airway in itself increases the 
normal resistance, which is often further increased by design of installation Direct dnve is 
preferable to belt for all underground installations. 





MECHANICAL VENTILATION 


14-43 


Cost of fan installations. Total costs of complete main-fan installations (1925-30) 
range from $5 000 to $16 000, booster fans, $2 000-$6 000, auxiliary fans, $300-$! 000 



0 5 10 

l t . 1.1 

Scale In lect 

Fig 41 Booster Fan Installation (9) 

Cost of centrifugal fans, wheel and casing only (with evas*'), fob factory, is approx 40 dollars 
for single-width, Bingle-irilet, non-reveraible funs of width OSD, and 60 for double-width, double- 
inlet, levcrsible fans of width i), where D is diam of wheel m ft Side drifts for reversing add 
.'SOO for the ordinary large douhle-inlet, double-width fan, for which shaft hoods aver $500 
and airlocks $150 extra Total costs of non-re \ ersible installations aver about 3 times, and of aver 
double-width re\ ersible installation about 4 times, the cost of fan alone Approx costs f o b factory 
(1936) of centrifugal fan and motor for auxiliary \entiUtion 

H-m diam pipe, 8-in diim fan wheel, 1-hp motor, $140 

12-in ‘ “ in-m ' “ “ ^-hp “ $120 

24-in “ “ 2S-in “ “ “ 15-hp “ $900 

Coat of disk fan, without motor, fob factory in 1936 was approx 80 -f 6 dollars, where D is 
diam m ft 

Centrifugal compressors are sometimes used foi auxiliary ventilation in tunnel driving, 
where press leciuirernents of long pijie lines are 1 3 lb per sq in They hav-e same char- 
acteristics as centrifugal fans (Art lb), but the large density changes involved at cony- 
pressor and in the line must he (onsidercd (68) For given speed and inlet volume, 
ratio of al»8 disdiurge press to ahs inlet press is constant for fixed resistance (12). 

Volumetric, or displacement, ventilators. 

The rotary ix>8itive-prcss Mower (l"ig 12) 

IS the only one in wmnion use foi forcing 
or exhausting an through long pipe lines 
under press rlifTcicrues of sav 1-1 lb pei sq 
in Theoreticallv thev [lass a fixed v olume 
per rev', ai tuallv some air flapped at each 
rev leaks from discharge to inlet side 
(“slip”) The amount of slip depends on 
press and iloaiames, and is speufied as 
“slip speetl ” ie<iui!od to maintain a deh- 
iiito pi ess at no delivery ^ aiiations in 
ail density must l>e taken into account for 
pipe line pi ess and blower performanco 
((> 8 ) 

Compressed-air injectors are useful in 
emergencies, thev sue iheap and easily 
installed, but very inefTic "1 hev depend 
on conversion of the eneigv of a high-veloc 
jet into press refpiiied foi the dcsne<l flow 
For low-rcMstau( e flows, whcie onh dis- 
ehaige veloc is desnod, a jet disdiaiging 
along the axis of a pipe la sufluienf Where flow against resistance is lequired, venturi 
designs aie used to convert veloi press t<i statu press Most home-made designs are 
patterned after the “Modder Deep” (Fig 4B, much used in German and So African, to 
home exUMit in U 8 inetvil nunos, hut very little in ( oal mines Peiforrnance may be closely 
approximated by tlioorv (09) ElBc inn eases with propei design of venturi, as resis- 
tance of line increases and as air press deoreases 

Saccardo ayatem uses a low-press injector for ventilating tunnels, by which streams of high- 
veloc air aie discharged from nozzles, or wall openings, at u slight angle to axis of tunnel Per- 


Dlscharge 
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formance (70) varies mainly with ratio of noxzle area to airway area. Effio is max for one condi- 
tion only, as for fans, and may possibly reach 50%, but overall effio is less than half that of direct 
fan ventilation, and veloc restricts use to low-resistance (smooth-hned) systems. Example, 
Liberty vehicular tdnnels, Pittsburgh. 


Pressures caused by moving objects in air passages assist or retard air flow. Large- vol 
circulations often are reversed temporarily by movement of skips and cages in shafts. 



Effect depends mainly on shape of object and ratio of its area to area of airway, and is 
reduced by decreasing area ratio and by frequent openings between adjoining airways or 
compartments of miilti-compt shafts. No authentic data for computation of effects under 
mine conditions are available. 

14. FAN PERFORMANCE 

Performance is determined by test. Theory gives only rough approximations for 
centrifugal fans (72, 73), and, though more precise for recent proi>eIler8 (74), offers no 
simple mathematical relation between vol of flow and press, due to the variable balance 
between press gams and losses in the fan itself, when operating against varying flow 
resistance. Formerly, when fans were specially constructed for each mine, largely by 
rule-of-thumb, the operator’s mam interest was in design. Now, when construction is 
left to specialists, and makers offer effic designs in a range of sizes for all requirements, the 
operator’s main interest is in selecting a fan suitable for his needs. 

Mine resistance determines fan size. Special sizes (except very large ones) arc 
rarely made. Any one fan will operate at max effic against only one resistance condition, or 
press- vol relation, and at less than max against all others; but a size may Ixi selected for 
operation close to max effic against any resistance. Primary condition for effic service 
is that size of fan must fit the mine, or position of fan in the circuit. Not quantity, but 
resistance to flow, which practically means size of airw ays, determines size of fan. lAm 
resistance requires large fans; high resistance, small fans. 

Tests. Makers determine performance by laboratory tests, as prescribed by the Standard Test 
Code of Nat Assoc of Fan Manufacturers and the Amer Soc of Heating and Ventilating Eng (75). 
Measurements of 6 factors are required: speed, density, quantity, press, and power; repeute<l, nith 
epeed practically constant, for 8 or more different resistance conditions, by varying the resistance 
added at discharge or inlet end of a test duct. Similar tests are sometimes made on fans in place 
at a mine, to determine performance, or data on operating conditions and mine rosistanoe. Con- 
ditions in field tests are usually unfavorable for accuracy, and results are approx only. 

Characteristic curves. Results of tests, corrected to constant speed and standard air 
density (see below), and plotted against quantity as a base, give a series of ” character- 
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istic ” curves that specify fan performance (Fig 44). The total-press variation with 
quantity is the basic characteristic that shows results when the fan is applied to a mine, 
and is therefore the true “ fan characteristic point of operation is determined (Art 15) 
by the intersection of the mine characteristic (Art 11) with the fan total-press charac- 
teristic. Point of operation a (Fig 44), determines quantity Q, and this in turn determines 
the total press H, rated static press <S, mechanical eflic E, and power P. 

Fan laws. Changes in performance have been found by experiment to obey certain 
laws closely enough to permit general use of the laws over a large range of variation in 
flow. Hence, from one set of constant-speed tests against variable resistance, fan- 
performance characteristics can be computed for other speeds and sizes. Actually, a 
slight increase in eflic accompanies increase in speed, but is ignored. Also, fan perform- 
ance differs slightly, depending on whether the fan takes air at zero veloc, as in the blower 
position, or at definite veloc, as in exhaust or booster positions, since the shock-press loss 
in the fan entrance is laiger for the first 
case. With coned or rounded inlets, the 
difference is negligible. A slight increase 
in efiic also accompanies increase in size 
of fan, important enough in the smaller 
sizes to require separate characteristics for 
different size groups. The larger sizes, for 
main fans, can usually be placed in one 
group w’ith little error. With these quali- 
fications “fan laws” arc; (1) If speeds of a 
fan operating against fixed resistance are 
changed: (a) efiic remains constant; (6) 
quantity varies directly as s; (c) press 
maintaine<i varies directly as (d) power 
required varies directly as (2) If geo- 
metrically siinilai faiivS, with diam m ratio 
w, are operated at the same siieed, then, 
for constant offic: {a) quantities vary di- 
rectly as m^; {b) pressures maintained vary directly asm-; (c) pow’ers required vary directly 
as m^. (3) If density of air is changed: (u) quantity and efiic remain unchanged; (5) press 

and power vary directly as the change in density. 

!l^es8ures and ratings (9) are confusing because press difference, measured directly 
against atmos press, does not corrosixmd directly to the total-press difference generated 
by the fan. To avoid confusion, most makers rate their fans on a static-press basis. 
Fan performance has therefore come to l)e based almost entirely on static-pressure mea- 
surements, to which it has no direct relation, but by which it is approximated closely 
enough in most cases to obviate serious error, since the veloc press invoh^ in the usual 
installations is small. Static-press rating must refer to a definite area and operating 
position. Ordinarily, it is boseil on area of the discharge connection, and the blower 
jxisition of operation. Fans for use only for exhaust arc sometimes given static-press 
ratings baseii on area of inlet connection, then ratings may refer to a fan wuth free dis- 
charge, but usually to a fan havmg evas^ discharge integral in the desig^n. 

Pressure graphs (71). The beat way to avoid confiiaion, in correlating field test results to fan 
ratings, is to chart the press changes, which are changes in abs press, though charted from atmos 
as a base. Then (1) difference between aver total press at fan inlet and discharge is the only 
constant value for all operating positions, and is the value to be used in determining rated static 
press, winch customarily is one discharge-veloc press loss, (2) aver total press at any cross-sec of a 
ventilating system is the algebraic sum of 2 mutually convertible components, static press and aver 
veloc pn«8, the ratio of which depends only on area of crossHsec; (3) aver total press and static press 
may be positive or negative in relation to atmos press, but veloc press is always considered positive; 
(4) aver abs total press always decreases m direction of flow; but (6) is always increased in this 
direction by a fan. Kelations of fan and ven til ating-sys tern pressures to atmos are shown graphi- 
cally in Fig 4ft A, B, and C, for 3 fan iiositions in the same circuit assuming uniform resistance and 
veloc throughout. In each position, total press developed is the same, and the fan’s static-press 
rating equals this total press, minus veloc press at discharge; that is, it is based on discharge area 
of the fan operating as a blower. For the exhaust position {Fig 46 B), negative total press at the 
inlet is equal to static-press rating (blower position) and is independent of area of duct; it is there- 
fore used os an alternative rating for fan in exhaust position. Aver total press over a mine section 
can be observed directly only by a traverse; henoo, is usually computed from measured static press 
and calculated mean veloc press. Use of such different pressures for rating in different fan positions 
leads to confusion, increased by still another mode of rating required for a fan in booster position. 
The basic facts are' position of operation is immaterial; true performance is Uie total press difference 
generated; rated static press is an arbitrarily determined figure that has a direct relation to the 
press generated. 



Fig 44. Characteristic Curves of Fan Perform- 
ance (9) 
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Pressures underground. Where flow for fan in booster position underground is through mine 
airways, the graph of press change is as in Fig 46 C, but atmos press is not available as a base. 
Basic measurement is the difference in static press between a point close to the inlet, such as X, 
and a point close to the discharge, such as Y. If quantity of flow and the areas at A', Y (fan 
inlet and fan outlet) are known, velocity press can be computed and the.graph followed to determine 
the fan total press and rated static press. 

£va84 discharge, or gradually expanding section (Art 10) added to fan discharge, increases both 
total and static (negative) press at inlet of exhaust fan (Fig 45 D), and thus increases proportion of 
press difference generated that is usefully applied, but without effect on the total press difference. 
When added to blower-fan discharge, it reduces shock loss at discharge by reducing difference in 
veloc, which is also its true effect with exhaust or booster fan position. (See paragraph above on 
“Pressure graphs.’’) Evas6 is really part of the airway system, but is usually supplied by manu- 
facturer to assure eific use of veloc of discharge of fan proper. 



Fig 45. Pressure Changes in Ventilating Systems (71) 


Mechanical eflSc. All of the energy supplied to a fan is not applioii to useful work. 
Part of it, varying with the resistance against the fan, is required for flow through the fan 
itself; the rest represents useful work, the hp in the air. Useful work per unit of time 
divided by corresponding power input is the raech efiic of the fan. Useful work is com- 
puted from total press of the fan and vol of flow. In data on fan performance, “ mechani- 
cal efHc ” refers to effic based on total press, even though the fan’s press rating is given on 
a static-press basis. Occasionally, for convenience of application with rateti static press, 
a “ static eSic ” (calculated from rated static press) is given. This bears the same ratio 
to effic that rated static press does to total press, and can thus be used directly witli rated 
static press to calculate power requirements. 

15. APPLICATION OF FANS TO VENTILATING SYSTEMS (12, 9) 

Constancy of fan duty. Fans may act singly or in combination with other pressure- 
generating sources. In a ventilating system there are usually natural-draft pressures 
acting in series with or against the fan press, and often 2 or more fans acting in series, 
parallel, or series-parallel combinations with each other and natural-iiraft press. When 
a fan is the only pressure source, its required duty is constant, and controlled by the 
resistance; but when it operates with other pressure sources, all combine to overcome the 
resistance, and the duty of a fan operating at any one point is variable and determined by 
its position and by intensity of the other sources acting with it. 

Fan as only source of pressure. A fan running at constant speed can produce only 
the combinations of press and quantity of flow indicated on its characteristic curve 
(Art 14) for that speed. Press losses in a ventilating system vary with quantity of flow, 
and the possible combinations are indicated by the characteristic curve of the system 
(Art 11). Only one combination of press and quantity will satisfy both fan- and system- 
characteristics; this is indicated graphically by the intersection of fan- and system- 
characteristics at a in Fig 46, which determines press as H and quantity as Q. 

Fan in senes with natural-draft press. Except in auxiliary service, fans rarely are 
the only source of press. Components of natural-draft press always act cither with or 
against fan press. If of small intensity they may be neglected, but in a deep mine tho^’ 
are important in determining both fan duty and quantity of flow. If all workings are on 
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one level, there is but one component of natural draft, developed between the highest 
surface opening and the level of the workings, and this press acts in series with a fan 
passing the total flow. In a multi-level mine, the components of natural-draft press act 
bke a group of constant-press fans operating in parallel, and with the resultant of the 
group operating in series with fans on the main flow. Although problems of distribution 
require different treatment (Art 12), the resultant of the components acting in series with 
a main fan may be treated as approx the natural-draft press developed between the 
highest surface opening and the uppermost mine connection carrying an appreciable part 
of the total flow. Such pressures developed below the uppermost main cross-connection 
have little effect on the duty of a fan in the total-flow part of the circuit, but act mainly 




Fig 47 Natural Draft acting with Fan (9) 


to change the distribution Ijclow this level fiom that which would result with the fan acting 
alone (9). 

Natural draft acting with fan (Fig 47). The combined press characteristic of both 
fan and natural draft is obtained by adding the pressures for equal volumes. Flow con- 
ditions are indicated by intersection of the combined press characteristic and the system 
characteristic at a, which determines total press as // and quantity as Q. The latter 
determines the operating position of the fan for this condition, as at b on its characteristic, 
and the fan press as //f 6- ^Vith natural-diaft press Hn acting alone on the systeni, the 
intersection of the natural-draft and system characteristics at c indicate the quantity of 
flow as Qn. AYith the fan acting alone on the system, the intersection of characteristics 
at d indicates its operating position and determines the pressure as ///i*d and quantity of 
flow as Qf. Praictical result of natural draft acting uith the fan is a ‘decrease in resistance 
and an increase in quantity of flow over what would Ixi produced by the fan acting alone. 



Fig 48. Natural Draft acting against 
Fun (9) 



Fig iO Fan Characteristic used as Combined 
CharactcnHtic for Fan and Natural Draft (9) 


Natural draft acting against fan (Fig 48). The combined chavact-oristic, obtained by 
subtracting natural-draft pi ess from fan press for the same vol, crosses the system char- 
acU^ristic at a and determines press and quantity of flow as H and Q. Q determines the 
operating jKisition at b and the fan press as //yj,- natural draft Hj^ acting alone, 

the cliaractoristics cross at r for quantity Qn, and flow would be in the opposite direction. 
W ith the fan acting alone, the characteristics cross at d, and quantity w^ould be Qp, and 
fan press //f <<. The duly of the fan is changed, through the action of natural draft, from 
d to h. Practical result of natuial draft acting against the fan is to increase resistance 
and reduce vol of flow. 

1-41 
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Variation in fan duty. If the limits of variation in natural-draft pressures acting in the same or 
opposite directions are known, combined characteristics can be laid off for each condition, and 
range of variation in fan duty determined by the quantity intercepts on the fan characteristic, the 
quantities being determined by intersections of the combined press characteristics with the system 
characteristic. A more convenient method is to plot the same system characteristics to separate 
press bases, as at O, S, T (Fig 49), the intercepts OS and OT representing min and max natural- 
draft pressures on the same scale. The corresponding conditions of fan performance are then 
determined directly by intercepts of the separate system curves with the fan curve, since the latter, 
in relation to the proper press base, is equivalent to the combined press curve of Fig 47 or 48. The 
3 operating positions of a constant-speed fan, when (1) operating alone, (2) acting in conjunction 
with minimum natural draft, and (3) with max natural draft, are indicated in Fig 49 by the inter- 
sections a, h, and c on the fan characteristic. 


Equivalent resistance. When pressures act in combination on all or part of the flow, 
the characteristics of a fan operating at a particular point are governed by the fan laws, 
but the operating point is determined both by resistance of the system and by the other 
pressures acting on the flow. As the major point in mine ventilation is the preas-vol 
relation at the main fan, this relation often is referred to incorrectly as the mine resistance. 
It is better termed the “ equivalent resistance ” (9) against which the fan must operate. 
Since, in a system acted upon by pressures in combination, the equiv resistance for a par- 
ticular pressure source is determined partly by press losses which do, and press gains which 
do not, follow a definite law, it can be determined only by direct test or by graphic methods. 
For known characteristics of press gains and losses, the graphic method may be used. 
When these are unknown, the press-quantity relations at different fan speeds may be 
plotted as the characteristic of equiv resistance. Then the particular point of operation 
of the same or a different fan for the same conditions may be found by using this equiv- 
reaistance characteristic as a system characteristic, and solving graphically for the point 
of operation, as though the fan w'ere the only press source. 

Fans in series. Although generation of press at one point in a system is generally 
cheaper, sometimes more efiic distribution and better operating conditions may be obtained 
by generating press at more than one point, particularly where resistance to flow is abnor- 
mally high or leakage circuits are unavoidable. Fans operate in series when working on 

the same flow circuit, each handling total cir- 
cuit flow and each generating part of the total 
press required. Any number of fans can be so 
used. Flow conditions are determined by the 
intersection of the system characteristic and 
the combined press characteristic of the fans, 
t ^ the latter being the combined fan pressures 

^ plotted against quantity. 



Series diagram. Fig 50 shows the separate 
and combined characteristics for 2 fans acting m 
senes on the system. System and combined fan 
characteristic intersect at c, whence press and 
quantity of flow are // and Q. As each fan must 
pass this quantity, its operating position is shown 
bv the intersection of the Q ordinate with the fan 
characteristic, at d for fan .4 and at e for fan 71, 
determining the separate pressures as Ha and //jj 
If the mine characteristic does not intcr.sect the 
combined characteristic of the 2 fans, then tKe 
larger-capac fun will pass more air alone Unless 
fans are jiroperly selected, and operated at proper 
speeds for the work to be done, they will not work 
in series at max effic. Where a single fan operates inefficiently, because designed for less than the 
resistance encountered, a second fan may be installed to operate with it at any point on the total-flow 
part of the system, and be so selected that both fans will operate at or near max effic. 


Fig 60. 


Quantity 

Two Fans acting in Series (9) 


Fans in parallel may be used to take full advantage of the layout of airways available, 
to provide for efiic operation within certain limits of change in resistance, oi to increase 
the effic of a fan that by itself would be operating against a resistance lower than that for 
which it was designed. The fans may be placed to operate on the same or separate airways. 
Fans on the same airway act together, and a simple graphic solution is available, like 
that for fans in series. Their combined press characteristic is obtained by plotting pres- 
sure against combined quantity. In Fig 61, intersection c of the system and combined 
fan characteristic determines press /f; and, since press must be the same for both fans, 
the H abscissa determines the relative fan quantities, Qa and Qn, by intersections d and e. 
If the mine characteristic does not intersect the combined characteristic, then the higher- 
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press fan A will pass more air alone than the 2 fans together, and if an attempt is made 
to operate them in parallel, A will blow air back through the lower-press fan B. If inter- 
section c is at a press higher than any press on the characteristic of fan B, the same reversal 
of flow will occur. Fans having steeply sloping press characteristics act together well in 
parallel; those that have characteristics combining a comparatively flat part and a steeply 
sloping part must be operated on the steeply sloping part, at a sacrifice of effic, else a 
sudden change in the 
equiv resistance of the 
system may cause the 
higher-press fan to take 
all the load, with danger 
of burning out a motor. 

Where forward-curved- 
blade fans are so installed, 
various precautions are 
taken, such as use of fans 
exactly alike, operated at 
the same speed or from a 
common drive shaft; ar- 
rangements for speed 
regulation on one or both 
fans; or an “equalizing 








j^“ 





Qjs 


Qi 

Quantity 


Fig 51. Two Fans acting together in Parallel (9) 


!FaQB 


tube connecting the fan inlets or discharges. Fans on 
SEPARATE AIRWAYS constitute the more usual layout for operation in parallel. Where 
the resistances of the separate airways are comparatively large, very httle trouble is 
experienced, but it is difficult to determine the eqiin’ lesistance against which fans so 
installed must operate for a fixed speed. Resistances of the separate airways, and of the 

system beyond their junc- 
tion, must be considered, 
and flow conditions and 
fan performances must be 
solved graphically by trial 
and error. 

Where fans in parallel are 
the only sources of press, 
distribution may be repre- 
sented by fans discharging 
through separate branches 
into a common duct (Fig 



Jed* A 
a+/»C 
Fan B 


Fan A 


■Fan A 
Fig 52 


A, Analysis of Flow Conditions for Fans acting in Parallel 
on Separate Airways, B, Sketch Diagram (9) 


52 A), although actual conditions might be as m Fig 52 B, wheie the series resistance 6 -f c + d 
would be equivalent to A, that for e equivalent to B, and that for a +/ equivalent to C. Primary 
condition: vol of flow' in each bianch must be such that press geneiated by fan, less pressure-drop 
between fan anti junction, shall equal the common press at the junction, which is the press required 
to pass the total flow- through the rest of the system. Fan characteristics and the 3 mine-section 
characteristics are plotted in Fig 53, and (he 
flow conditions soh ed graphically by successive 
trials. A total quantity of flow, Qr, is assumed; 
the intersection of its ordinate with system- 
characteristic C determines press //<♦, that would 
be required in the total- flow’ section (’ (Fig 52, 

53). The excess of each fan press over //<• is 
available for flow through its rC8pccti\e branch, 
and the broken curves are special fan charac- 
teristics, each based on such excess press (fan 
press minus lie)', the intersections of these 
curves with system characteristics A and B (of 
the branches) deterniiiio the quantities of flow 
through branches Qa imd Q/j, and the press 
required as IJa and Hb* under the assumed 

condition of total quantity Qc. If Qa + Qb Fig 53 Solution by Trial and Error for Fane 
is more or less than Qc, then a larger or smaller acting in Parallel on Separate Airways (9) 
total quantity is assumed in the next trial. 

When quantities are found that agree, the intersections of ordinates Qa and Qb with the char- 
acteristics of their respective fans (solid curves) indicate the equiv resistances against which the 
fans must operate and the corresponding pressures Up A and UpB, 

Complex combination of pressure sources. In large metal mines fans may operate 
at various points in conjunction with natural-draft press. The layouts sometimes may be 
resolved into equivalent simple-flow systems, but often the fan pressures act on only part 
of the flow in series, parallel, or series-parallel combinations with each other and natural 
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drafts; many leakage circuits are involved, with resultant changes in quantities of flow in 
addition to those caused by density changes and use of comp air underground. Solutions 
are therefore complex and only approximate. The important condition is, that the press 
losses on any complete circuit, regardless of changes in quantity, are equal to the press 
generated on that circuit, whether by natural draft or fans. If the pressure source may 
be considered to have a constant-press characteristic, as for natural draft and for limited 

ranges of operation of forward-curved- 
biade centrifugal fans, solutions may be 
aided by mathematics. 

16. SELECTION OF FANS 

Performance guarantees. To de- 
termine range of duties or resistance 
conditions, against which a fan must 
work, is of first importance. The re- 
quirements are submitted to one or 
more makers, who quote on a limited 
numlier of sizes and types, from which 
selection is made on basis of satisfactory 
performance throughout expected life, 
at minimum total installation and oper- 
ating cost. Max efiic is not the sole 

criterion, since, for conditions of limited 

0 .1 ,2 5 .4 .5 [e Tt iS .i) I'o Ide, low power requiiements, or low 

Ratio oi opening power cost, a size smaller than that le- 





0 20 40 60 80 100 J20J 40 160J80 200 
Quantity, peicent rated quanUty 


quired for max effic may yield a lower 
total cost. Makers meiely guarantee 
fans to operate (within the limit of safe 
peripheral speed) at certain efficiencies 
in a given range of resistance conditions, 
without developing mechanical defects. 
If actual resistance conditions are not as 
epecihcd, or if they change after the fan 
is installed, the maker is not lesponsible 
for resulting lower effic. 

Tables of performance data. For catalog 
and general ia>c, fan-perforniance data arc 
tabulated in 3 forms The first sluovs 



Fig 64, Three Types of Characteristic-ratio Charts 


rated performanee onl> , for pross-quantity 
eombinations that permit max effie, f>ne 
table represents a complete line of sizes of 
the same design. In the second and third 
forms, a separate table gives data for emh 
size over a limited rangi* of lugli-effie opera- 
tion 111 one of these forms, rated perform- 
ances are listed in hold-face type, in the 
other they must he calculated from pouer, 
press, and <iuantity data Data, fur per- 
hirniances intermediate between those listed 
are determined approx by interpolation, or 
accurately by calculations based on the fan 
laws (Art 14). 

Characteristic-ratio charts. Con- 
stant-speed tests against variable resis- 
tances on a single size of fan give the 
maker enough data to determine the 


operating characteristics of a gioup of similar fans for any speed. »Such characteristics 
for one size at constant speed (Fig 44) or at a numlxir of speeds, cover the usual stirvico 
requirements; but in selecting a fan for special requirements, more general methocla of 
representing performance are needed. The basic method is to plot the characteristics 
as ratios and percentages, rather than actual values; the graiihs, in a variety of forms, 
present a concise conception of the relative changes in performances for the particular 
design, but their practical use for fan selection is limited. Fig 64 shows 3 types of char- 
acteristic-ratio charts. 
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Constant'-efflc coefficients. For homologous fans running at constant effic, the fan 
laws (Art 14) may be combined to show relation of quantity (Q) and press (H) to diam (D) 
and speed {N), asQ “ kiND^ and H = k 2 N^D^, where ki and k^ are coefficients. These 
equations may be combined algebraically to yield many pairs of formulas (76), embracing 
quantity, press and size, and either quantity or press and peripheral speed, with a coeffio 
varying with effic in each. 


In certain forms the coefficients are dimensionless, that is, independent of the umts used (3). 
Coefficients are plotted against effic in what might be termed effic-coeffic charts, which serve as a 
base for calculatiug size and speed requirements for high effic, or for calculating effic for a given size 
and speed reqiured to pass desired quantity. Coefficients expressing relation of size a nd speed for 


max effic only, have had more general use, particularly in the forms: D 


■ for size, and 


N 


ki Vfi 
D 


for speed, in rpm, where D 


diam in ft, Q 


cu ft per min, and H — press in inches 


of water, either total or rated-static, usually the latter. Values of kz and vary over a limited 
range, kz depends chiefly on ratio of width (ly) of wheel to D, whereas ki is practically independent 
of the width ratio. Aver values of kz and ^• 4 , based on rated static press, are in Table 6. 


Table 6. Size and Speed Coefficients of Fans at Max Effic 



kz (size) 

^4 (speed) 

Multiblado centrifugHln 

Double-width, IF =« I), forward-curved-blade 

0.020 

900 

h'lngk'-width, IF “ 0 5 D, forw’ard-cur\ ed-hlade .... 

0 028 

900 

, Single- width, IF « 0.5 D, backward-curved-blade 

0.031 

1 600 

Disk funs • 

0 024 

3 500 

Latt»-type CJuibals, IF «» /) 4- 3 

0 067 

1 100 

Farly-tv pe ( luihals, IF <=}) — 3 . . 

0 116 

t 200 


Fan-selection charts (76). 

Properly prepared graphic 
charts, based on constant-effio 
coefficients, fjioihtate fan selec- 
tion and s<ilutu»n of fan prob- 
lems, particularly if so con- 
structed that size, effic and 
speed may be determined 
clir»‘ctlj from quantity and 
l>re.ss. Fig 5,5 shows a simple 
ch.irt in geiieril use, Fig 56, a 
proposed, more compact, chart. 

Effect of blade shape on 
performance of fans. Gen- 
01 al pel forinaneo ehaiaoter- 
istii’S, at tnbu table to blade 
shape, are shown by the 5 
sets of fliaiaeten.stie-ratio 
curves of Fig 57, 5«S, repre- 
senting typos rather than 
paitieulai designs. The 
charac'U'nsties are plotted 
in terms of resistance to 
flow, that IS, percent r in 
the general resist aneo rela- 
tion // = (Alt 11), aa 
these are the factors to bo 
coordinated in service. 

Against percent r, percent- 
age values of power, total 
press, rated static press, 
quantity, and effic are plot- 
ted for 3 types of centrifugal 
and for disk fans. Recent propeller designs have characteristics similar to those of th© 
backward-curvod-blade centrifugals. 

Power characteristics are decisive for mine application. Having power requirements 
practically constant at, or lower than, the rated power, backward-curved centrifugals and 



Fig 55. 


Quantity cu. ft. per liiln. 

Performance Chart, B. F. Sturtevant Co (9) 
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some propeller designs are said to have a “non-overloading” power characteristic and are 
therefore suitable where resistance fluctuates widely. As both radial- and forward- 
curved-blade types have rising power characteristics, they are subject to large overloads 
if resistance is greatly reduced, as by short circuits through doors left open or tubing dis- 
connected from an auxiliary fan. They require motors of excess capac, up to 50%, to 
guard against possible overloads from fluctuating resistance. 

Pressure characteristics have had much attention, being related directly to blade 
shape. They determine suitability of type for operation in parallel, and where constant 



press or constant quantity rather than constant efflc is required : backward-curved-blade 
has a very steep total-press characteristic and is therefore suitable for operation in parallel 
at max efflc; forward-curved-blade has a flat total-piess characteristic near max efflc and 
requires large sacrifice m efflc for operation on the sloping part of the characteristic, as 
required when operating in parallel (Art 16) ; radial-blade has a gently sloping character- 
istic, requiring only small sacrifice in efflc for parallel operation. Pi ess characteristics 
may be modified by design of housing, as in certain forward-curved-blade types for auxil- 
iary service, which have a steeply sloping press characteristic similar to that of the 
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backward-ciirved-blade. Forward-curved-blade t 3 T)es are good for constant-press, and 
backward-curved-blade for constant-quantity requirements. 

Effect of roof falls or short-circuit on water gage. Whether changes in main airway conditions, 
as a fall of roof or short-circuit, may be inferred from fan press depends on the press characteristics. 
Water gage for the fan in blower position follows the rated static-press characteristic, and any 
increase or decrease in it generally indicates change in resistance, though not necessarily the degree 
of change. Water gage of a fan in exhaust position follows the total-press characteristic (Fig 45); 
change in press generally indicates a similar change in mine airway and resistance conditions, except 
for the forward-curved-blade centrifugal, the characteristic for which is so flat over the usual 
operating range that no such inferences can be made. Most coal- and metal-mine fans have forward- 
curved-blades, operating in the exhaust position on the flat part of the press characteristic, where 
water-gage records serve no useful purpose other than to show the constancy of fan speed. 


Efliciency characteristics. Econ- 
omy of operation is not only a 
question of max efiic but also of 
range of resistance possible at high 
effic. The flatter the efl&c charac- 
teristic near its max, the more 
suitable the fan for operation 
against changing resistance. Efiic 
characteristics in Fig 58 indicate 
that the backward-curved-blade 
has a slight advantage over the 
forward-curved-blade. 

Comparative mechanical eflic 
of the various types is fairly well 
established by consensus of opin- 
ion. Virtually all designs can give 
equally high cfflc if cost is dis- 
icgarded, but the designs now on 
the market have the following 
comparative ranges of max efiic: 
radial-blade and auxiliaiy-ventila- 
tion centrifugals, and disk fans, 

50-00 Vtq forward-curved blade 
and straight-side ba<'k\vard-curved 
blade centrifugals, ^and propeller 
fans with airplane blades, 60- 
70%; back ward -curved blade cen- 
trifugals with coned sides (limited 
in diam by mechanical design), 

70-80% ; and late propeller designs, 

80-85%. These aie actual or total- 
press efliciencies. Efiic based on 
static press averages about 10% 
lower. In general, the lower 
efficiencies apply to smaller, and 
the higher to larger sizes. Max 
variation for di^signs of the same 
type apparently is limited to alxnit 5 ^ 1 . 



Fig 57. 


5 6 7 8 B 
100 

Resistance* 

'’‘Each srale, Fig 57 and 68, represfents values 
expressed as percentages of value at max efDu 

Comparative Quantity and Pow'or Character- 
istics of Aline Fans (9) 


Other operating characteristics. For the same resistance, speed of rotation (Table 4) of the 
backw'ard-cur\ cd-blade ccntrifural Is almost double tint of the forward-curved-blade, with speed 
of the i.-idial-bladc type uUei mediate. The speed of the ordinary disk fan is about twice that of the 
baokwar<i-eutved-bIade ceiitiifuual High speed is a definite advantage in direct-connected motor- 
driven unit.M, as high-speed motors east less than low-speed. (Quietness of operation is usually 
unimportant in mine ventilation. Although conversion of veloc press to static press in the housing 
is mainly responsible for noise, speed of operation and details of design of both fan and connecting 
ducts also contribute. ITopellei fans are very noisy, forwurd-curved-blade types of centrif- 
ugals moderately, and back ward-curved- blade types least noisy. Uniform intensity of noise 
indicates constancy of performance. Cases of unstable performance are rare, probably caused by 
turbulence effects at the inlet, due to “wild” turbulence or excessive shock-press losses in inlet 
passages. 
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17. CONTROL OF COOLING POWER OF AIR IN HOT MINES 

This control is required in many deep-level mines for maintaining effic of manual labor 
under natural high-temp conditions, and in some cases is of great economic importance. 
In a few districts, max depth of mining is considered to depend largely on control of air 
temp, especially on the Rand, So Africa, where a series of deep mines produce alxiut 
50 000 000 tons of ore a year, valued at approx $400 000 000, and the recovery of about 
$3 000 000 000 in gold (77) depends largely on air conditioning at depths of 0 000-~12 000 ft. 
Since 1935, large air-conditioning plants (Art 18) have been installed on the Rand, whence 
comes much of the literature on the subject. 

Limiting air conditions (8ec 23). Comfort depends on rate at which the body loses heat, which 
in turn depends on wet-bulb temp, air vcloc, and dry-bulb temp. Conditions may bo compared in 
terms of kata-thermometer (8cc 23) cooling powers (rate of cooling from 100 to 95® F of large-bulb 
alcohol thermometer with or without wet sack on bulb) or “elTective temp” (temp of still, saturated 
air that gives same feeling of warmth). Approx empirical relations of Kata cooling powers to temp 
and air velocity are: 

For velocities under 200 ft per min: Kd (0.111 -f* 0.016 \/k) (97.5 — tj) and Kw 
« (0.194 -h 0.08 •v^)(97.5 — tw). For velocities over 200 ft per min: Kd « (0.072 + 0,010 -y/V) 

(97.6 — td) and Kw =* (0.056 + 0.011 v^0(97 5 — (u>), where Kd and Kw are dry and wet Kata 
cooling powers, in milli-calories per sq cm per sec, td and are dry- and wet-bulb temp, and V is 
veloo in ft per min. Effective temp is determined from charts (Fig 69). Limit of cooling is at 
effective temp equal to body temp. Effective temp of 85° F (about 7.0 wet-Kata) is about the limit 
(81) for a fair amount of physical effort by an acclimatized miner stripped to the waist. This 
corresponds to working face conditions of 87° saturated air with aver veloc of 100 ft per roiih and 
to development face conditions of 93° saturated air writh aver veloc of 1 000 ft per rain. 

Sources of heat underground: (1) heat transmitted from rock to air in workings, and 
in passage from surface to workings; (2) heat due to auto-compression of downcast air 
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Time factor- oit 

Fig 60. Chart of Heat Flow in Mines (79) 


Heat flow from rock. Theoretic computation of heat flow from rock walls into air currents 
in complex (78), and of qualitative, rather than quantitative interest, due to difficulty of adjusting 
to actual conditions. Carrier (79) has developed a chart for constant-temp assumptions (Fig 60) 
from which the heat-transfer ooeffio may be determined from time of cooling, and conductivity and 
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difflusivity coefficients of the rock. The latter, for granite, limestone, sandstone, and slate are much 
alike (Sec 39); aver for conductivity, in B t u per hr per ft per ft of thickness, is about 1.25, 
and for diffusivity (conductivity -f- [sp heat X density in lb per cu ft]), about 0.038. 

Relation of air temp to rock temp. Estimates of duty of air-conditioning plants have 
relied on observed data from actual mining, which show that rock walls adjacent to air- 
ways tend to assume the aver temp of the air flow, and that the temp gradient in solid 
rock, inward from the walls, gradually flattens as cooling penetrates farther into the rock. 
Temperatures in deep boreholes in the walls of intake airways have shown cooling extend- 
ing inward as much as 350 ft (80). These cooled zones act to insulate airways from rock 
heat, by reducing temp differential and flow of heat between rock and air at surfaces of 
contact. Practical differentials depend mainly on veloc of flow, distance of air travel, 
depth involved, and moisture conditions. Constant flow maintains an almost constant 
aver differential (81) ; increasing veloc gradually increases the differential. Aver temp in 
1936 in Magma (Ariz) 3 200-level stopes, 500-1 500 ft from downcast shafts, was 84® F 
wet-bulb and 90° dry-bulb, 43® and 37® respectively below rock temp at that level. 
Other cases of air temp as much as 30®-40® below virgin rock temp (127°) could be cited, 
but aver differentials are much lower and range down to 2 iero. Low veloc flow combined 
with oxidation or timber decay may result in negative differentials, or air temp above rock 
temp. 

Heat of compression. In theory, 1 lb air falling D ft develops D ft-lb of energy, equivalent to 
{D -r- 778) B t u, which is sufficient to raise the temp of 1 Ib of dry air f(D ~ 778) — 0 24 dec F], 
wherein 0.24 is sp heat of air at constant press. Then theoretical temp rise for 1 000 ft is about 
6.4° F, or 1° per 185 ft of depth. Heat added by compression is lost by expansion in an equal 
height of upcast, hence total heat in mine is unchanged, but change in location of the heat is impor- 
tant for its effect on air conditions in working zones Increa.se in ^vct-bulb temp depends on temp 
and abs press, approx range for mine shafts is 1 .5°-~2.5° F per 1 000 ft (see Table 7) 


Table 7. Adiabatic Compression in Ideal Shaft, 7 123 ft Deep 



\t surface 

At foot of shaft 

Barometer 

25 in 

32 in 

Corresponding elev above tide. . , .... . . 

5 059 ft 

- 2 064 ft 

Temperature: Dry bulb . . . 

60 0® F 

98 9° F 

Wet bulb.. . 

55 9 

73 6 

Humidity 

80 0% 

28 4% 

Water vapor, by volume . . i 

1 654^.;, 

1 654% 

Wt of atmosphere per cu ft 

0 0633 lb 

0 0755 lb 

Wt of water vapor per cu ft of atmos 

4 59 grains 

5 47 grams 

Water vapor per cu ft of atmos, saturated air 

5 74 grains 

19 22 grams 

Added vapor per cu ft required to saturate 

1.15 grains 

13 73 grams 

Latent heat of water required (o saturate, per cu ft of atmosphere . . 

0. 172 B til 

2 062 B t u 

Wet Kata index at wet bulb temp above given, and 1 23 ft per rnin veloc 

24 5 

14 1 


Heat from men working at full capac is about 1 000 B t u per man-hr. In hot mines, transfer 
from man to air is chiefly by evaporation of perspiration, and when evaporation is limited, phjsieal 
work may become impossible. Effect of veloc of air movement diminishes as body temp is 
approached, and evaporation ceases when wet-bulb air temp attains body temp (12) 

Heat from machinery underground is equivalent to the difference between total energy input 
and energy absorbed in useful work at 1 hp « 42 4 B t u. Large underground hoisting or pump- 
ing units require a separate split for proper ventilation. Quantity for allowable temp rise may bo 
computed for actual conditions; 10 cu ft per min per installed hp is aver figure for elec installations. 

Heat from chemical reactions may be calculated from air analyses, if assumptions are made 
regarding the reactions involved. Heat from oxidation, timber decay and use of explosives is 
usually of local occurrence and easily controlled by ordinary ventilation. Most cases of heating 
in mines are due to oxidation of finely disseminated pyrite, occasionolly of other sulphides, v\ith 
absorption of O, but no liberation of CO 2 . Timber decay absorbs O and liberates CO 2 Win null 
(83) finds 2.1 calories given off per cc of O 2 absorbed by oxidation of coal and 4.3 by oxidation of 
iron pyrite. 

Heat due to fans. Air flowing through fans is heated by compression, change of veloc, and 
ineffic of fan. Temp rise may be computed for adiabatic compression, with owrection for change 
of veloc, or, with sufficient accuracy, for equiv work required (84). Ou the latter basis, for 100% 


effic, using notation of Art 10 with H for total press in in of water: temp rise « 


5 19 JIQ 


0 0278 


H. 


0 0278 

Due to inefficiency o^ the fan, actual temp rise is X 


778 X 0.24 X Qw 
" For 


effic (as ratio) 

w »• 0.075, temp rise “ 0 37 -f- effic. 

Friction and shock losses in air currents develop boat equivalent to the energy change. Assum- 
ing that all the heat enters the air current, derivation is same as above; temp rise is 0.37 // for 
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standard air density and varies inversely as density. Energy changes correspond to total prees 
changes, but may be approximated by using static press, both for temp rise at fan and m air cur- 
rents. Veloc energy existing at fan discharge is not converted to beat until dissipated in the air- 
way as friction or shock loss, or as shock loss at discharge to the atmos. 

Ground movement produces heat, but effects are not important. Local increases in temp have 
been noted at active faults (85), but in crushed areas the heat can usually be traced to increased 
rates of oxidation, from increased area of exposure to oxidation. 

Effects of circulating air through mine workings, in order of importance, are: (o) reduc- 
tion of natural temp of rock along intake airways and in deep workings; (6) reduced 
humidity, (c) increased veloc of air currents. Daily changes in surface air temp and 
humidity have little effect on downcast air currents except close to the surface, and seasonal 
effects in slow moving currents at depths of several thousand ft are small. Reduction in 
amplitude of temp variations largely depends on time of contact: at 10 min only seasonal 
effects are detectable and at 20 min even these are negligible. 

Cooling and drying effects. Downcast air currents absorb heat from warmer rock walls, and 
absorb w'ater, by evaporation, from w'alls of intake airways and workings. Cooling power of the 
air IB large in winter, and the lower temp stored in ground near the surface cools warm intake air 
in summer. Walls of intake airways over a period of years are cooled to great depths, serving to 
insulate airways from higher-temp rock. Heat and moisture thus absorbed are largely redepoeited 
along upcast airw'ays of deep mines, only a part being discharged to atmos. Where mean cooling 
power of surface air is hmited, or the economic limit of coohng by circulating air currents has been 
reached, the air must be artificially cooled to permit mining at great depths (Art 18). Continuous 
absorption of moisture from mine workings by comparatively dry intake air tends to reduce the 
moisture available, until workings become noticeably drier and relative humidities are decreased. 
With increased ventilation, mines that were damp to wet have become almost dry in appearance, 
even though the amount of moisture absorbed in intake shafts and workings remains quite large. 
Small increases in the normally low veloc of air currents through working places are effective in 
increasing comfort conditions, even though the same small increase in main-airway veloc would 
have no detectable effect. 

Temperature, heat and moisture changes in air currents involve: dry-bulb, or sensible 
temp of the air; wet-bulb, or temp of adiabatic saturation; and dew-point, or temp at 
which condensation would occur upon sufficient cooling. Total heat changes in moist 
air are measured bv changes in: senaibio heat of the air, latent heat of the moisture by 
cvapor'ition or condensation, and sensible heat of the moisture. The latter is negligibly 
small. Changes in latent heat are most important in air conditioning problems. Dry- 
bulb temp determines rates of heat tran.sfer, but otherw^ise represents only the relation of 
sensible t-o latent heat in the air. At i*onstant press, the w et-bulb temp represents total 
heat changes and the dew'-point temp changes in absolute moisture content. Both wet- 
bulb and dew-jK)int temp are affected by changes in abs press. These changes may be 
ignortxl in the cose of shallow’ mines at or near sea-level, for which the ordinary constant- 
press psychrometi ic charts and tables at 29 92 in of mercury suffice. But, changes in 
psvehrometne characteristics with change of abs press must be taken into account in 
deep mines, and special charts or tables (SO. 79, 9) are required to compute temp change 
in terms of heat and moisture changes Also, change in quantity of flow’ accompanying 
change m press makes it desirable to use flow' rates in terms of lb of air rather than cu ft 
as in ordinary practice. 

Thermal data. 8p heal of air at constant presa is 0 2389, usually taken as 0.24. Sensible heat 
change for 1® F for standard air of 0 075 lb per cu ft is 0 0179 H t u p>er cu ft. Latent heat of evap- 
oration or condensation is about 1 050 H t u per lb of w atcr. or 0.15 H t u per grain of water (Sec 39). 
In refrigeration terms, 1 ton refrigeration is 200 B t u per inin, or approx 1.05 X 10*° B t u per year. 

Cooling with air currents. W ithin limits, the cheapest way to obtain added cooling 
at deep levels is by increasing the quantity Q of ventilating air (77, 87) ; limits arc imposed 
by power cost, since fan hp increases about as Q''. Increase in airway capac may be 
gainoti through additional shafts to depth, but as cost often exceeds $100 per ft, this solu- 
tion may not be economical, especially as shafta have no salvage value, whereas air- 
conditioning plants are removable. Thus artificial cooling may give the same result 
more economically, or produce results not possible with unconditioned surface air. Cool- 
ing by ventilating air has been the main reliance of hot deep mines to date, and only a few 
have supplemented it by artificial cooling. 

Effect of increasing veloc of air travel in intakes is to spread the heat and moisture 
absorbed over more air and thus heat it less. General result is a lowering of aver temp in 
working sones, accompanied by increases in seasonal effect. 

Examples. At Village Deep, So Africa (88), workings were advanced 800 ft in vert depth from 
about 6 500 ft, to a 3.3^ F higher rook temp, without increase of temp in intakes or splits (shaft to 



14-58 


MINE VENTILATION 


stopes) when air flow was increased approx 50%; but stope temp gradually increased at a somewhat 
lesser rate than rock temp, as did temp at development faces, except when machines ^\ero drilling, 
«,t which times approx the same temp existed as at levels 800 ft higher. At the Magma mine, Ariz 
(31), monthly records of stope temp in the central block adjacent to downcast shafts show little 
change in mean yearly temp in 8 years, while the lowest stoping zone progressed from the 2 660 to 
the 3 200 level, where virgin rock temp was approx 10® F higher. During this time air circulated 
gradually increased 60-70%. However, the seasonal ranges of aver stope temp were increased 
from about 82-89® F wet-bulb and 86-90® dry-bulb to 79-90® wet-bulb and 86-93® dry -bulb. During 
this period, the mine workings became perceptibly drier and gradual improvement in comfort was 
noted, except at the max summer condition, which remained about the same. 

Dry vs wet shafts. Evaporation of water in downcast intake shafts lowers dry-bulb 
temp and thus increases the differential between air and virgin rock temp, with more 
rapid transfer of heat and cooling of walls. But cooling of the walls also reduces rate of 
heat flow for the same \urgin-rock temp differential, and the relative merits of dry and wet 
shafts have been much debated. Observations (89) indicate that, although wet-bulb 
temp and total heat are about the same at the bottom of dry or wet deep shafts, dry-bulb 
temp is much higher in the case of diy shafts, and the air is therefore in better condition 
to travel from shaft to working place with minimum accession of heat from the walls. 
As air absorbs moisture, the dry-bulb temp decreases and heat flow into the air is increased. 
Every effort should therefore be made in hot mines to keep evaporation of moistuie at a 
minimum to the last working place on the circuit, where, however, reduction of the dry- 
bulb to the wet-bulb temp by evapoiation of moisture slightly improves comfort conditions. 

Fan-pipe auxiliary ventilation delivers air long distances at high veloc without change 
in moisture content, and therefore provides optimum conditions for minimum increase in 
total heat and wet-bulb temp. Final temp of air is largely determined by temp of slow^- 
moving return air along the pipe line, w’hich is reduced as air quantity is increased. In 
high-temp rock, w'et-bulb depression at discharge at development faces is often 15-20® F, 
but usually is not more than half as much at working faces 10-20 ft from the discharge. 
Fan-pipe ventilation is practically a method of maintaining the cooling power of mine air, 
auxiliary to all general methods of cooling, whether by ventilation oi air conditioning. 
Small, hot mines sometimes use fan-pipe ventilation for all w’orking places (9) and secure 
better working conditions than would be possible for the same layout with general venti- 
lation. McIntyre (90) has proposed that the total intake be earned from surface to 
depth in a similar air-insulated pipe. 

Control of development return air. Currents from fau-pipe-vcntilated development 
faces in hot mines usually have max temp of the mine, often 96® to over 100® wet-lmlh. 
These are usually added to intake currents of active workings and thus increase temp in 
working zones. Each small current of 2 000-4 000 c f m is equivalent to at least 15-30 tons 
of refrigeration. An important step in combating high temp, therefore, is to carry return 
air shafts to the bottom, rather than the top, of active zones, so that development returns 
can be directly coursed to them without traversing active slopes. 


18. AIR CONDITIONING IN MINES 

Definition. As generally applied to mines, air conditioning lofeis to artificial or 
mechanical cooling of air currents for control of the cooling power of the air. Other 
forms of air conditioning are applied to mine air (Sec 23), but are not thus specifically 
designated. 

Cooling and drying methods, other than refrigeration, have been proposed for lo(!al 
use in mines, but high costs of production and tiansport generally rule tlicm out (87), and 
only a few have been used regardless of cost. 

Examples. Use of cool water from surface, sprayed directly on the men at hot faces, lias been 
a last resort in some hot mines. Ice has been used, particularly in So Africa, where the Village 
Deep used blocks of ice on trays in fan-pipes for development fares, and, by spraying ice-ehilled 
water into stope intake air, secured a 6® reduction in wet-bulb temp. Surface w^ater, run to waste, 
was used experimentally (1931) at the Mountain Con mine, Butte (91), to determine design data 
for conditioning plants installed later. Similar smaller plants were occasionally used later at other 
Butte mines; in the winter of 1938, 6 fan-pipe cooling units were in use and 12 more contemplated, 
each using 20 gal per min of city water discharged betw'een closely spaced plates in the pipes. In 
an aver case, wet-bulb temp in a development face was reduced 10® F (A. S. llichardaon). 

Dr3ring agents, aside from high cost, have the disadvantages of heating the air with 
latent heat released by change from vapor to liquid, and of requiring heat for regeneration. 
Silica gel has been proposed (E. C. Holden, 1926) for drying comp air on surface, so as to 
increase its cooling effect underground when expanded m air drills, but has not been used 
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although devaporizing comp air is now the essence of comp-air refrigeration methods. 
Absorption materials might be used at the bottom of wet shafts to change latent" to sensible 
heat to condition the air for minimum heat absorption in further travel. 

Lowering vapor tension by using solutions of magnesium chloride (92), a cheap waste product, 
and of calcium chloride has been proposed, to reduce moisture absorbed by air in passing through 
wet workings. Expected diflSculties due to corrosion and effect on milhng methods have retarded 
large-scale trials. In deep Mich copper mines (63), waters in lowest levels are concentrated calcium 
chloride solutions, and wet-bulb depressions of 3® to 11° F are found in places where depression in 
similar water- wet workings would not exceed 1°. 

Mechanical refrigeration involves both cooling and drying, as changes in heat content 
aie affected by changes of temp and of moisture content. Both air and its vapor are 
cooled. Vapor cooled to the dew-point temp condenses and drops out, but liberates 
latent heat of condensation, which is the principal load on a plant dealing with air near 
saturation, or air cooled through a laige range. A refrigeration system merely transfers 
heat from the cooled medium to some other medium from which it can be dissipated 
without reaffecting the cooled medium. Safe refrigerants for underground service have 
been developed in recent years; the major difficulty and cost is in dissipating the heat (93). 

General requirements for large-capac plants in commercial service are said to be about 0.2 ton 
refrigeration per 1 000 c f m per cleg wet-bulb cooling, 2 gal condenser water per ton, 2.5 gal spray 
water per ton, and 1.0 hp per ton of refrigeration At high-temp level of heat exchange under- 
ground, about 0 4 ton refrigeration is required, and estimates of condenser w'ater, spray water, and 
hp are about 50% higher than above. 

Methods for mine air-conditioning have been: (1) vapor refrigeration of air at surface, 
or underground; (2) cooling of luiuids on surface, by evaporative cooling and by vapor 
refrigeration, both surface and underground, for use in underground heat exchangers; 
and (3) dehumidification of comp air on surface, by over-corn pression-and-expansion, for 
use underground in air motors and drills. 

Surface air refrigeration. The largest plants so far installed, Morro Velho (Brazil), 
Robinson Deep (So Africa), and Kolar (India), are surface vapor-refrigerating plants. 
Advantages of surface plants: easy disposition of waste heat, absorbed from the air, 
l)hi8 heat due to W’ork performed; max safety, reliability and operating convenience; 
and increase of summer natural diaft to approx winter conditions. Disadvantages: 
low positional efflc (about 0 4 the first year for 7 500 ft on the Rand (77) with probable 
increase in time to 0.55), due to inci eased flow' of heat from walls of downcast; operation 
at aver of apjuox 60‘"o capac, requiiiiig larger plant; and limited capac, due to limited 
temp range available aliove freezing, and to lower heat capac of air at lower temp. Reduc-’ 
tion of 1° in wet-bulb temp requires about 3 times as many heat units per lb of air at 
00"^ IKS at 40°. 

Morro Velho mine, Brazil, (94) was the first to be artificially cooled. A surface plant 
was installed m 1920 and an undergrouml plant in 1929. The mine is very dry and in a 
warm moist olimate; surface elev, 2 70^ ft Aver dry-bulb temp (fd), 68° F; max w’et- 
bulb (/u) in laiiiy season, 75°; aver max 72°. Rock temp increases 1° per 140 ft 
fiom surface to 0 400 ft, but 1° per 119 ft from 5 300 to 6 400 ft and is 123° at 7 0(K) ft. 
Mont lily output fiom a pitching gold retd by cut-and-fill methods W'as about 14 000 tons 
in 1922, with aver of 290 men undergiound per shift (3 shifts). Stopes are 6-12 ft high, 
8 ft wide and over 1 000 ft long; one per level, off 5 active levels spaced 300 ft vertically 
(active zone of 1 500 ft). Hoisting is in relatively shallow stages through offset interior 
shafts Advance in depth per year is approx 150 ft. In 1926 low'est stoping operations 
W’ete on 24th level, about 7 000 ft (E. Davies). 

Surface plant. Ammonui-vapor refrigeration, divided into 6 stages (with provision for 3 
more). Reciprocating conipressorM ami rotary-plate water coolers are installed at portal of the 
850-ft mam adit at elev 2 444 ft. Cooled air is blown in by fans, with pressures adjusted to pre- 
vent admixture of surface air, and no airlock is required. A safety door is placed in the adit, with 
remote control from plant and shaft. Rated capac, 100 600 B t u, or 503 tons refrigeration, equal to 
reduction of iw from 72° to 43 2° F for 5 040 lb dry air per min, or 80 000 c f m. (Condition of 
cooled air approximates aver climatic condition in England ) Design based on reducing mois- 
ture of surface air to a content estimated to hold max tu< on 22nd level (12 600 ft of travel) at 81° 
and max in 2l8t level slope, 8.5°. When plant started, an underground fan, in senes with the surface 
fan, doubled the pressure and increased the quantity m circulation 40%. Both together lowered 
max wet-bulb temp 9 4° during first 18 mo. In the same period, the fatality accident rate was 
reduced two-thirds and oases of heat cramp three-fourths; and production increased 12^ with the 
same force. In 1926, the lowest stoping level was the 24th, where aver cooling was 8° fto (Davies). 
The plant cost $45.5 0(K), and expenditures for power supply made total cost about $630 000. Max 
requirements for tbstage operation, 700 hp for 21 motors. Underground plant (95), in series 
with surface plant on the 5 800-ft level, above the active mining sone and 6 000 ft from lowest stopes 
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cofMuts of 2 centrifugal compressore using Carrene (CHjClj) as refrigerant, which boils at 104® 
(sea level) and permits operation at pressures below atmos. Capac is said to be 150 tons, cooling a 
shunt circuit (to avoid excessive lowering of tj,) of 50 000 c f m from 75 tn, — 100 td to 64 — 74 td. 

This gave an aver temp of 82 tw— 100 td at lowest level. Temp as high as 126® td are known, but 
corresponding ty, is about 80® and men can work at good rate. Condenser water is cooled by spray 
tower in upcast air of 82 tto — 102 td at plant horizon, with only 0.5% loss by evaporation (79). 
Added resistance of coohng tower is compensated by increased natural draft. 

Turf Shaft, Robinson Deep, So Africa (96, 97) has the second surface installation 
(1935), the largest of its kind. Mine is dry, except for water to wet down timbered shafts 
and combat dust hazard; climate warm and dry; surface elev, 5 600 ft. Mean td, 60° F; 
mean Iw, 62.6°. Rock-temp gradient (80) is 1° per 186 ft; temp at 8 000 ft, 101.5° F. 
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Fig 61. Sketch-plan of Robinson Deep Refrigeration Plant (79) 


Monthly output of Turf Shaft section is about 40% of Uital tonnage. In 1933, with 
production at 117 000 tons per mo, mine employed aver of 390 whites and 6 100 natives. 
Uniform-grade, narrow reefs dipping about 33° are mined by cut-and-fill (lesiimg) 
methods, with stopes 5-ft high off rock drifts on levels spaced 300 ft along the dip and 
extending up to 1 mile from shafts. Aver depth of stopiiig zone was 6 700 ft in 1933; 
max depth of development, 8 000 ft ; advance in depth, alxnit 200 ft per yr. The 7-compt 
Turf shaft goes to the 4 060-ft level, the 6-compt Mam Incline shaft thence to the 6 200 ft 
level (3 775 ft slope), and two 3-compt suli-mclines 80 ft apart thence to Ixittom. Max 
air travel is 2 miles as intake, and 5 miles m all. 

Brine Inskle of tutn's; tlquhl and 



Riant (Fig 61, 62) is in separate umts, using Carrene No 2 (monofluorotrirhloromethane), boiling 
at 76° at sea level. Each unit has a 760-hp 2-stage centrifugal compressor, sholl-nnd-tubc coolut 
and condenser, 150-hp 2 300-gal per min spray pump and 75-hp 2 (X)0-gal per min condenser pump. 
Plant raM at approx 2 100 tons refrigeration; designed to cool 407 000 c f m from 65® F tu? to 38°, 
actually cools approx 360 000 c f m from 65® txo to 33.5®. Water is used for first stage and brine for 
others. Cooled air is blown by fans through spray-type dehunudifiers, and through a 12 by 36-ft 
duct on 27° slope, entering shaft 100 ft below collar. Fan pressures are adjusted to permit small 
upcMt of cooled air to surface. Main fan is on the 33rd level (6 204 ft), between main incline and 
sub-incline shafts, and downcasts air from surface duct to the lowest levels. Return air is broad- 
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oast through old workings to shallow surface shafts. Lack of an upcast shaft was important in 
deciding on a surface rather than underground plant. First year of operation prevented normal 
summer rise of 6° tw in stopes, and summer max tw was subsequently lowered or an aver 

reduction of stope temp of 4®-4.5® tu, (79). Notwithstanding depth and aver distance air has to 
travel, results are considered satisfactory, and sufficient to warrant deepening of workings at least 
1 500 ft beyond 1935 limits. Positional effic at 7 500 ft depth at shaft in 15 mo was 75%. Plant 
cost approx $500 000, including winze connection to shaft, and requires about 3 000 hp at capacity. 
Operation is at aver of 66% of capac. Initial operating cost of about $7 320 per month is expected 
to decrease gradually to aver of $6 200. 

Kolar Goldfield, So India (Pryor, 77) has the third large surface air-refrigeration plant, 
approaching completion on a mine 8 200 ft deep in 1938. Plant, of standard ammonia- 
compression type using brine in pipe coils, has capac of 1 140 tons refrigeration, to cool 
150 000 c f m (10 000 lb) from 73° to 40° F. 

Underground air refrigeration. The underground plant at Morro Velho (above), 
was the first thus installed. A second has l^een placed in an East Rand mine. Advantages : 
high positional effic, operation at full capac, and practically unlimited heat capac due to 
high temp range. Disadvantages: difficulty and cost of disposing of heat abstracted; 
high cost of required excavation; deduction of heat radiated by machinery from net 
cooling effect; and no increase of natural ventilation except where condenser water is 
cooled by heating upcast currents. 

East Rand Proprietary Mine, So Africa (95). A Freon vapor refrigerating plant of 
about 500-ton capac was installed on 46th level, 6 400 ft deep and 1 000 ft below sea level, 
in 1936. It cooled 157 000-176 000 c f m from 81° — 83° td to about 72° and 71° 

saturated. Heat to condenser water represents about 630 tons actual refrigeration. 
Mine water is used for condensing and pumped to surface; but an estimated return of 
400 000 c f m at about 3 000 ft depth could cool condenser water for 1 400 tons actual 
refrigeration with increase of 10° Uo. 

Surface refrigeration of liquids used underground. Plants for this purpose have been 
installed at mines in Germany and Butte, Mont. Use of a liquid rather than air to trans- 
port cooling has often been advocated in discussions of mine air-conditioning (77), but 
the heavT piping required to withstand press at great depths, or alternate necessity of 
stage heat exchangers, has retarded use of this system. Main advantage over surface air 
refrigeration is less loss in transfer of cooling to working places; hence better positional 
effic, and smaller space required for transporting same volume of cooling in aver ratio of 1 
for water to 3 500 for air. Main disadvantages: cost of piping; finding place for piping in 
already crowded pipe compts of shafts; and danger in case of pipe failure by corrosion. 

Zeche Radbod mine, Ruhr, Germany (81). A small surface ammonia plant was installed about 
1023 for temporary cooling of water in pipe radiators on the 3 150-level, pending sinking of another 
shaft and increase in ventilating quantity. Coal is mined at depths betw’een 2 600 and 3 260 ft. 
Rock temp gradient, 1® per 50 ft, nmx rook temp 111° F, expected to reach 136°. At temp above 
82.5° tip, miner works shift of 6 instead of 6 hr, Short shifts increased to 83% and production fell 
to 0.51 ton per man by June, 1921. Ventilation was increased from 360 000 to 700 000 of m and 
by Feb, 1922, short shifts had decreased to sero and production rose to 0.68 ton per man. But in 
summer of 1922 short shifts were up to 25% and production down to 0.64. A new shaft was sunk 
to increase ventilation, and trials of cooling were made pending its completion. At first, city water, 
61° at surface, cooled 250 0(X) c f m on 3 150 le\el, an aver of 1° tip. Then water was cooled by 
ammonia plant to 31° at surface, rising to 41° at 3 l.'SO level in 1.5-min travel in insulated pipe, and 
22 c f m heated to 61° (138 ton refrigeration) at discharge Radiator of 340 ft of pipe with 19 000 
B<i ft surface cooled 250 000 c f m 5 5° td (cst as approx 2° ttr) from 73° td. Plant (second-hand) 
coat $17 000 to build and $107 per shift to operate, with increase of $170 output pier shift. 

Mountain Con Mine, Butte, Mont (98) has adopted A. S. Richardson’s new method 
of evaiwrativo cooling of winter to a temp alxiut halfway between <«, and dew-p)oint, 
whereas ordinary cooling in spray towers leaves water 5°-7° above of air. Mine is 
damp) to dry (but damp to wot without intensive ventilation), in exceptionally cool, dry 
climate. Moan annual temp (1922) at approx 6 000 ft elov, 36.9° F td\ precipitation 
12.8 in; aver temp, Jan 12°, July 62° aver Up 10° l>elow td for 4 summer months. 
During warmest part of day, t^p is usually 15-30° low^er than id, and dew-point 10°-20° 
lower than f,^,; dew-point is often below freezing in hottest months. Rock temp gradient 
for Butte mines is probably nearer 1° per 65-60 ft, than per 100 ft as usually stated. 
Rock temp at Mountain Con 3 500-ft level, over 100° F. Ore, copper sulphides in granite 
country rock; veins dipping 70°-90°. Levels, approx 135 ft apart, extend 1 000-2 OOO ft 
from a downcast shaft carrying 120 000 c f m for approx 100 working places. 

Plant (Fig 63): (1) surface plant of fan, low-prees heat absorber and spray tower; (2) high-presa 
pipe columns in shaO, carrying sump water and forming closed circuit from surface to underground 
plants and return; (3) high-presa underground heat absorbers on 3 500- and 3 600-ft levels. Shaft 
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pipe columns, 1 000 gal per min capac, are 85/g-in steel tubing, tested to withstand 2 000 lb per sq in 
with safety factor of 4; branch lines, 6-in and smaller, all insulated with 1.5 in of mineral wool. 
Small pump near surface overcomes friction in balanced circuit. In surface plant, air is blown 
through an extended surface pipe-coil absorber, which circulates sump-water countercurrently; 
the cooled exit air, of same vapor content as at entrance, rises through cooling tower against heated 
sprays from (a) same absorber coils, (b) underground absorbers. The latter, using sump water 
piped from cooling tower comprise high-press plain coils with closed-circuit spray water, to wash 
the air and assist heat transfer; also (3 600-ft level), high-press extended-surface coils of special 
design that, for equal capac, require only l/i 2 as much excavation as plain coils with sprays. Of 
4 units planned (total capac, 1 2(K) tons refrigeration), 2 are installed, with shaft piping for four. 
Water was the cooling medium to 1938, but brine or non-freezing solutions are contemplated. 
Results have varied with operating conditions and location of working places. The 3 600-level 
unit lowered tw of the 14 working places (to 3 800 level) for which it was installed, an aver of 14® 
(max 30°); in 5 mo, aver temp of 100 working places decreased from 83.7° <ti; to 75 3. Seasonal 
effect being estimated at about 2°, conditioner effect was about 6° plus. Costs of plant and operating 
cost are low, but have not been revealed. 

Underground refrigeration of liquids, although a logical selection, is used in but one 
plant (Magma). Mam advantage over surface cooling of liquids is avoidance of high- 
press pipe and high-picss heat absorbers. Main disadvantages lie in providing condenser 
water and disposing of heat abstracted, wdiich may require as much pipe as surface cooling. 
As liquids cooled at a central plant may be used in one or more semi-portable units, 
positional is higher than for cooling air directly. 

Magma Copper Co, Ariz (99). Mine, in hot, dry climate, is normally damp, but dried 
by intensive ventilation. Elev of 500 level (rnam-operating adits), 3 050 ft. Mean 
surface 72 4°; mean ftc, 57.4°; mean rHative humidity, 38%. Mean annual precipita- 
tion, 18.7 in. Rock temp gradient, 1° ])er 07 ft; rock temp 140° F at 4 000 ft (lowest 
level in 1939). Deposit, high-grad(‘ copper sulphides in a steep-pi tolling orcbody; also, 
small bodies of copper and zinc ore. Method, nil cut-and-fill stoping with raises tlirough, 
before mining, on 105-ft centers; levels 200 ft apart. Advance in depth, about 100 ft 
per yr. Mam orelxidy is 1 000-1 500 ft long. Production, 1 300 tons a day with about 
420 men underground on 3 shifts, 200 on largest shift. Of total ventilation of 240 (XK) 
c f m, alxiut 145 000 passes up through mam orebody, intakmg on bottom levels from 
vert shafts. Initial development is by footwall drifts between shafts in comparatively 
dry rock, wdtli mining off diifts in the vein. 

Plant 2 vapor units, with a capacity of 140 tons refrigeration each, are installed in a 20 by 62 
by 12'ft chamber on 3 600 level, with space for an additional unit. Rated performance low’ers the 
/,<' of 60 000 c f in 12° from 85°, but capac decreases with decrease of exit temp at cooling coils. 
Refrigerant is Carrene No 2 (as at Robinson Deep). Chilled w'ater is pumped through extended- 
surface cooling coils, set in crosscuts before 30 000-c f m booster fans; initially placed on 3 600 level 
near plant .and vert above on 3 400 level, but coils can be placed over 1 000 ft below' plant if required 
in future Water condensed on cooling coils keeps them clean Condensers heat 400 gal per min of 
mine water (from distant part of mine on opjmsite .side of orebody) from 90° to 113°; 7 929 ft of 
pipe, mostly 6-in, wa.s required for these lines, with 2 000 ft of return line, insulated in passing 
through the foot wall drift to a pipe column in intake shaft on opposite side of orebody; 1 650 ft of 
4-iu pipe was required for eoohng-coil connections A new' return sh.aft in the hanging wall now 
carries the mine pump oolumn, and possible use of future cross-cuts to this shaft for cooling condenser 
water were under eonsiderahon. Operation of the plant greatly speeded development and start 
of stoping on the 3 400 and 3 600 levels Re.sults for only 4 mo of operation have been reported; 
inoonelu.‘*ive, due to large seasonal range of temp in shaft-stations, slopes and development faces. 
.Vver decreases of 7°- 8° Itc on 3 600 and 3 400 le\els, and of l°--2° tu, on 3 200 and 3 000 levels are 
indicated Effect on aver stope temp can not be large, as only 43% of ventilation air is cooled not 
more than 10° a\er over the year. Hut, effect of plant will increase with time, and w'dl be 
reinforced by connecting development direct to new return shaft, instead of to intakes. Total cost 
of plant, |W6 53S, exclusive of faixs and crosscuts normally re<iuired for ventilation; $24 351 was for 
condenser pipe lines and pump. In May 1939 (C. H. Foraker), powder requirements wrere 229 646 
kw-hr, divided about 62 24-1 between compressors, bins, and condenser pumiis (to sump on 
3 6(K) level at new shaft); oiH»ratiiig ccxit, exclixsive of power, $547. Plant is operated 6 days a 
week. For development of 4 000 level, a 25-ton vapor-refrigeration plant was installed there in 
Jan, 1038, for condLitiomng the air intake of 2 fan-pipe units. 

Use of devaporized compressed-air. One largo group of mines on the Hand has 
installed (and on order) a number of special compressors for producing practically dry 
air, wdiich greatly increases coldness of exhaust (to —80° F) of underground machinery 
without freezing troubles. This method has miix positional offic, max flexibility in use, 
permits gradual expansion of plant, introduces no new factor into mine operations, and 
the main plant is on surface. Chief objection is cost, estimated to be at least twice that 
of vapor refrigeration. Also, capac is limited unless all machinery underground is con- 
verted to comp-air drive. 
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Anglo-American Corpn, Rand, So Africa (77) had devaporizing compressors of 
10 000-20 000 c f m free air capac installed at 6 mines in 1938, and four 20 000-c f m 
machines on order, a total capac of 198 000. Those on order are elec driven, with over- 
compression and expansion stages built in. Earlier types have separate devaporizing 
units, or, in case of steam turbine drive, extra stages mounted on same^^aft. 

Devaporizing method is shown diagrammatically in Fig 64. Normal comp air at 90 lb is over- 
compressed to 130 lb, cooled (in cooler and heat-exchanger), expanded back to normal press and 
32* F, and then restored to normal temp in heat exchanger, where cooling is transferred to over- 
compressed air before expansion. Water is removed between stages, so that final product is dried 

to moisture content at normal press and 
32® F. Control of temp in expansion 
stage is either automatic or manual. 
For producing similar results at lower 
cost, a regenerative system (100) has 
been proposed, but not yet applied. 

Comparative costs of cooling 

B t u*8 (87, 90) . Aver cost by ventila- 
tion, where feasible, is 0.00001- 
0.00002ff per Btu. McIntyre esti- 
mates cost of piping air from surface 
at about 0.000025f^. With capital 
charge of 10%, and power at 1^ per 
kw-hr, comparative costs per Btu 
for full-capac operation of cooling 
plants may be calculated from avail- 
able data as approx O.OOOlSff for 
Morro Velho (surface plant only), 
0.00013ff for Robinson Deep, and 
0.0001 for Magma (without charge 
for pumping condenser water from 
3 600 level). On the same basis, 
the cost of Richardson’s system is 
estimated not to exceed 0.00006<^ 
at Butte, though impracticable for most mimng districts. Actual costs would bo reduced 
by lower power rates and increased by under-capac operation (surface plants). Actual 
cost for Ist-yr operation at Robinson Deep, at less than 1/3 capac (97), was alxiut 0.00019^ 
on basis of 10% capital charge. Estimates for devaporize<l comp air are usually 0.0001- 
0.0002ff, and for free discharge of comp air from nozzle 0.001-0 002^. Minimum for ice, 
with ice at 5ff per 100 lb, is 0.003^ plus transport; and for liquid air at 1.7^ per lb, 0.008^ 
plus handling charges. 



Fig 64. Devaporization Method for Comp Air (77) 
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Acid mine water, neutralizing 13-21, 21-06 
washing of filters 38-22 
Acidity in cyamdation 31-16 
Activated carbon for water treatment 22-30 
sludge sewage disposal 22-82 
Addition, algebraic 36-02 
Adhesion, wheels to track 16-12 
Adiabatic air compression 10-04 
compression, work of 89—02 
Adirondack magnetite ore 2-21 
Adjustment of compass 17-00 
of crushing rolls 28-10 
of gyratory crusher 28-06 
of survey notes 17-20 
of transit 17-07, 18-06, 18-09, 18-11 
V-level 17-08 

Adulterants in lubricating oil 41-13 
Advance pillar rubbing 10 501 
in raising 10 110 
Advancing longwall 10 505 
Adverse mining claim 84-08, 84-19 
Aeration cyanide tests 31-17 
of water 22-29 
Aerial dumping 26-48 

prospecting 10 06, 10-24, 10-27 
ropeways in stupes 10 -416 
surveying 17-49 t't seq 
tramways, classified 26-02 
Aerex mine fan 14 42 
Aerolith breathing apparatus 28-06 
Aeroplane transport 10-34 
of dredges 10 597 
Aeroto mine fan 14-42 
Affidavits, claim locating 24-10 
Aftercoolers, romp-air 16-22 
Afterdamp 22-06, 28-46 
Age <}{ coals 2-30 
of orebodies 10-06 
of petroleums 2-31 
A^Cfiregate for concrete 48-10 


Agreements, mining 22-16 
Agricultural lands 24-11 
Ahmeek Mining Co, concrete shaft seta 7-18 
development 10-88 
open stoping 10-172 
Air blasts in mines 10-521, 10-626 
metal mines 23-64 
Air, breathing requirements 23—15 
bridges, ventilating 14-13 
chamber on pumps 40-29 
for combustion 39-81, 39-82 
composition of 23-02 
compressors, work of 39-09 et seq 
conditioning in mines 14-68 ei ««3, 89-42 
consump of drills 10-30, 15-87 
currents, distribution of 14-07 et seq 
measurement of 14-21 et seq 
for cyamdation 38-19 
density of 14-25, 39-24 
disch coeff of 39-07 
engine, thermodynamics of 89-10 et seq 
flow m mine openings 14-26 
through orifices 39-06 
friction, coeff of 7-03 
locks in mines 14-11 
measuring quantity of 14-21 
in mines 14-02, 14-03 
for pneumatic shafts 8-13 
resistance (d mine cars 11-27 
shafts 7-03 
thermal data 14-67 
transport in mining 10-06 
vol for pumping 15-42 et seq 
washer for anthracite 84-19 
Airdox coal blaster 4-08, 23-30 
Air-flow measurements, accuracy of 14-23 
Air-hft pump 13-12, 10-43 et seq 
Air-line lubricator 15-39 
Air-lock, medical 15-49 
Air-press measurements 14-23 
Air-sand coal-cleaning process 30-22 
Airways, changes in area 14-34 
economic sue of 14-34 
layout of 14-04 
mine, friction in 14-26, e< seq 
Ajax shaft, Colo, cost 7-26 
Ajo, Ariz, borehole assays 10-44 
boring at 10-58 
open-pit mining 10-446 
Akins classifier 38-10 
Ala, agricultural lands 24-12 
iron mines, scraping 10-419 
iron mining 10-1^ 
limestone mining 10-151 
prospecting iron ore 10-24, 10-33 
Alaska, cableways for placer mining 10-544 
dragline placer mining 10-549 
dredging 10-592 

drift mining 10-607, 10-608, 10-611 ct seq 
duty of water 10-566, 10-657 
food for prospectors 10-80 
ground-sluicing 10-541 
hydraulic elevators 10-673 
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Alaska, hydraulic mining 10-559 
placer mimng with elevator 10-574 
power scrapers in placer mimng 10-645 
prospecting in 10-24 
ref to mining law 24-18 
thawing frozen gravel 10-617 
Alaska Gastineau mine, shrinkage stopmg 
10-296 

stoping method 10-131 
storage-battery loco 11-39 
Alaska Juneau Gold Mining Co, accounts, 

21-11 

Alaska Juneau mine, bonus system 22-07 
shrinkage stopmg 10-292 
trolley locos 11-40 
winzes 10-121 
shaft, cost 7-24 

Alaska Treadwell mine, chute-gate, 10-411 
diamond drilling 10-36 
glory-hole 10-460 
shrinkage stoping 10-287 
underhand stoping 10-127 
Alaska Treadwell Mining Co, accounts 21-11 
et 8eq 

Alberta, mining law 24-32 
Albertite 2-31 

Alden brake for measuring power 40-45 
Algae in water, 22-28 
Algar coal deduster 35-28 
Algebra 36-02 et eeg 

Alien dependents, compensation of 22-13 
Alinement, shaft-plumbing by 18-18 
of shaft timbers 7-16, 7-16 
in taping 17-18 
Alkali in cyanidation 31-16 
Allen & Garcia mine skip 12-114 
Allis-Chalmers ball-mill 33-13 
AUouez mine, development 10-88 
open stope 10-174 
Alloys, composition of 37-07 
Alluvial deposits 10-533 
minerals of 1-11 
gravel, boring in 10-56 
dnve-pipe sampling 10-57 
test-pitting, 10-23, 10-33 

prospecting drill 9-08 
tin nuning in Malaya 10-619 et eeq 
Alteration of orebodies 10-06 
of rock 10-18 
Alternating current 42-02 
Alternating-current circuits 42-18 et seq 
electrical prospecting methods lO-A-16 
generators 42-15 et seq 
Altitude by barometer 17-89, 87-06 
efiect on breathing 28-15 
on compression 15-03, 15-06 
on compressor capac 15-87 
Alumina in assay charges 30-09 
Aluminum as elec conductor 42-05, 42-06 
ore of, 2-26 

precipitation from cyanide sols 88-09, 88-24 
Amalgam, treatment of 88-04 
Amalgamated Copper Co, sill timbering 10-220 
Amalgamation assay 80-07 
of gold 38-02 et $eq 
testing 81-15 
Amalgamators 88-08 
Amasa iron distr* boring in 10-61 
Amasa Porter mine disaster 10-526 
Amber, teste for 1-50 
Amended claim location, Calif 24-16 
American filter 83-20 

Metallic dust collector 85-28 
pneumatic separator 85-21 


American rope drive 41-09 

Sm & Ref Co, organization 20-02 
API casing-pipe specifications 9-26 
steel derricks 9-17 
A S T M standard screens 81-08 
Ammeter 42-07 
Ammoma dynamites 4-05 
gelatins 4-06 
Amorphous mineral 1-02 
Amortization of mines 25-26 
principles of 36-08 
Ampere 49-02 

Amsler polar planimeter 17-09 
Amy Silversmith mining case 24-22 
Amygdaloid 2-10 

Amygdaloid mines, Mich, methods 10-172 
Anaconda air'hoist gear 12-55 
car truck 1 1-07 
Copper Min Co, accounts 21-88 
bunch blasting 6-14 
flat-back filled stope 10-243 
mine skip 12-110 
mines, glass models 19-11 
labor disputes 22-17 
smoke-helmets 23-58 
scraper 27-25 
square-set slopes 10-198 
stoping contracts 22-06 
Analyses of core and sludge 10-42 
Analysis of coal 2-29 
of Mesabi iron ores 10-74 
Analytical geometry 86-20 et seq 
Anchor bolts 43-87 
Anchorage of cableways 26-21 
of dredges 10-683 
of pipe lines 38-24 
to shaft walls 7-12, 7-19, 7-21 
Anchored tramway spans 26-16 
Ancient mine workings 10-05 
Andalusite, origin of 10-21 
Andes Copper mine, block-caving 10-366 
Andesite 2-06 

Anemometer measurements 14-22 
Aneroid barometer 14-23, 17-38 
Angle of draw 10-524, 10-532 
of friction 36—41 
m bins 12- 133 
of repose, in bins 12-133 
in earth 3-03 
of rolling friction 11-27 
setting by tape 17-36 
sliding, of ore 10- 164 
station on cableway 26-23 
traverse 18-08 
notes 18-22 
of underlie 1(K162 
Angle-bracing square-sets 10-222 
Angle-iron riffles 10-567 
Angle-set timbering 10-222 
Angles, crystal 1-03 
functions of 36-16 
geometry of 36-09 
honz, measuring 18-05 
steel, compression in 43-60 
standard sizes 48-45, 48—46 
vert, measuring 18—18 

Anglo-American Corp, ventilation 14-64, 15-28 
Angular displacement 86-52, 86-58 
Anhalt salt mine, shaft-sinking 8-21 
Animal haulage 11-33 
Anions 42-84 
Anjou slate quarry 10-177 
Ankylostomiasis 22-88, 28-21 
Annuity, present value of 45-65 
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Anode 42-84 
Anomalies 10~A-03 
Annual labor on claims 24-OT 
Calif 24-16, 24-17 

Anthracite 2-29 
agreements 22-11 
Board of Conciliation 22-19 
breakage of 34-31 
breaker products 34-04 
coUienesi trolley locos 11-41 
conferences 2^19 
dust, non-explosive 23—46 
market sixes 34-02 
mines, air doors 14-16 
air requirements 14-03 
breaking ground 10-611 
longwall 10-610 
pillar robbing 10-602 
ventilating cost 14-07 
mining cost 21-86, 21-38, 21-39 
standard sizes 40-12 
storage 34-27 ei seq 
strike comm 22—19 
strip mimng 10-466 
stripping estimates 10-469 
Anticline 2-12 
Antimony in lead ores 82-06 
ores of 2-26 
assaying 80-19 

Antimoniai ores, assaying 30-12 
cyanidmg 33-06 

Anti-parallel elec distribution 42-30 
Antisepsis 23-63 
Apatite, occurrence of 2-32 
veins, minerals of 1-11 
Apex disputes, maps for 19-08 
law 24-02, 24-06, 24-21 
Apothecaries* weights 46-46 
Appalachian oil field, bit performance 9-22 
Apprenticeship, Trail, B C 22-17 
Approaches to open-cut mines 10-434 
Apron amalgamating plates 33-02 
feeder 27-36 
for coal 36-04 
Aquagel mud fluid 9-19 
Arbitration, Rtote-sponsored 22-17 
Arc chute-gates 10-409 

length of, by calculus 34-27 
lights 42-32 

Arch dams, underground 13-06 
pillar, described 10 163 
Arched tunnel sets 6-22 
Arches in mines 10 619 
Area of amalgamating plates 33-02 
Riven, to divide 17-33 
of influence of borehole 10-71, 10-72 
Areas, by calculus 34-27 
computation f>f 17-20 et seg 
irregular, computing 17-21 
mensuration of 36—11 et seg 
moments of inertia 36-46 
traversing for 17-20 
Argentine Govt tramway 26-81 
hand drifting 10-93 
Argon in air 23-04 

Argonaut mine, leaning stope-set 10-232 
mimng methods 10-199 
Arithmetical series 86-06 
Ariz Copper Co, erecting square-seta 10-226 
filled fiat-back stope 10-248 
framing square-sets 10-226 
open -cut mining 10-431 
shrinkage atoping 10-280 
square-sotting 10-213 


Ariz Copper Co, steel ore bin 12-131 
sub-level caving 10-339 
top-slicing 10-302, 10-313, 10-316 
underhand atoping 10-162 
copper mines, trolley locos 11-40 
cost of mine track 11-26 
hand drifting 10-93 
ref to mining law 24-18 
test-pitting in 10-23 
Arkansas, bauxite in ^26 
Arkansas Mt stripping 10-449 
Arm of force couple 86-31 
Armored cable 42-81 
Armour No 2 mine, top-slicing 10-313 
Army ration 10-79 
Arrowrock dam cableways 6-22 
Arsenic, ores of 2-26 
penalty for 32-06 
Arsenical ores, as 8 a 3 nng 30-12 
cyamding 33-06 
Artificial respiration 23-64 
Asbestos, occurrence of 2-28, 10-21 
open-cut mimng 10-463 
Ash m coals 2-30 

determination 30-20 
in dean coal 86-08 
Ash wood, properties 43-31 
Ashanti Goldfields, chute 10—406 
Ashes for flushing 10-516 
Askania Corp, magnetometers lO-A-08 
Asphalt grouting for shaft-sinking 8-24 
Asphalts, tests for 1-60 
varieties of 2-31 

Asphyxiation, treatment for 23-64 
Assay charges, typical 80-08 
counting 31-22 
curves 10-20 
maps 10-15, 26-16 
specific-gravity 81-21 
ton, defined 30-04 
Assaying equipment 30-02, 80-21 

Assays, checks on 26—17 
comparison of 29-11 et seg 
core and sludge 10-68, 10-61 
by Govt agencies 10-21 
jockeying with 29-18 
Asymptotes, equations of 86-22 
Athens iron mine, subsidence 10-526 
Athona Mines, platting drill holes 10-49 
Atkinson 14-32 

Atlantic City, Wyo, gravel testing 10-57 
placer mimng 10-647 
Atmospheric press 34-08 

on pipes 38-21 

Atolia-Rand mine, bore testing 10-66 
Atomic weights 87-02 
Attachments for transit 17-06 
Attendance on cone crushers 28—10 
gyratory crushers 28-08 
jaw crushers 28-04 
Attrition error in boreholes 10-40 
Auburn CaU placer mining 10-646 
Auger drilling 9-03 
drills, hand-power 5-07 
in stopee 10-126 
sampling with 10-64 et seg 
Augers, drifting with 10-94 
Augitite 2-06 

Aurora West United mine, data 21-18 
Automatic car eager 12-103 
centrifugal pumpe 13-19 
control of elec hoists 18-11 
dumping buckets 12-96 
elec hoisting 12-46 
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Automatic feed on drifters 10-101 
track switches 11-22 
ventilating doors 14-12 
Auto valve lightning arrester 42-29 
Auxiliary engines for hoists 12-16 
telescope of transit 18-09 
ventilation 14-14 

Availability factor, power, defined 40-04 
Aver diam of a particle 31—07 
value of samples 26—18 
Avery Island salt mine 10-178 
Avogadro’s law of gases 39-22 
Avoirdupois weights 46-45 
Axial-flow propeller pump 40-37 
Axle bearings, mine-car 11-12 
Axles for mine cars 11-11 
Azimuth, determination of 17-19 
reading 17-42 
traverse 18-07 
notes 18-22 


Bacharach air recorder 14-24 
Back, mining 10-04 
Backfill press on pipes 38-21 
Backfilling of trenches 3-15 
Back-pressuring of oil wells 44-23 
Backsights, surveying 18-04 
Back-stope 10-160 
Back-stoping 10-274 
Bacteria m activated sludge 22-32 
ore-forming 10-06 
in septic treatment 22-31 
in water 22-28 
Bag dust collectors 36-28 
Bagley scraper in placer mining 10-546 
Baicoi oil field, bailing 44-14 
Bailer, oil-well ng 9^11 
Bailing of oil 44-14 
Baker float collar 9-31 
Balance, assay 30-04 
sp-gravity 1-07 
Balanced concrete beam 48-14 
hoisting, 12-02 
Baldwin feeder 27-34 
Balkan open-pit iron mine 10-455 
BaU-and-chain gate 10-411 
Ballast, track 11-17 
Ballistic mortar 4-07 
Ball-mills 33-12 
Balloon frame 43-40 
Balmat mine, drift round 10-101 
Baltic chute-gate 10-411 

dry-wall stoping 10-252 et aeg 
Band brake for hoists 12-14 
drive for cableways 26-07 
Bandages for first-aid 28-66 
Bandwheel, cable-tool rig 9-10 
Bank blasting 3-13 
Banka, Empire drilling 9-06 
Bankets, So African 2-25, 10-144 

Bank-water, hydraulic mining 10-553 
Bar coal-sizing screens 34-16 
Barite, occurrence of 2-26 
Baroid drilling mud 9-19 
Barometer, aneroid 14-23 
Barometric leveling 17-38 
press at altitudes 87-06 

effect on flow of methane 23-10 
Barr mine, machine shovel 10-135, 10-421 
ore in pillars 10-136 
Barrel amalgamation 83-06 
Barricades against afterdamp 28-69 
for sand filling 10-422 


Barricading of magazines 4-11 
Barrier pillars against inundations 28—63 
Barriers, rock-dust 23-48 
Barron shaft, concreting 7-19 
Barrows, monorail 10-416 
Bars, reinforcing concrete 43-12 
Barton Hill mine, methods 10-142 
Basalt 2-06 

Base-line for triangulation 17—47 
U S lands 17-80 
Bases for headframe posts 12-78 
Baskets for Malayan mining 10-623 
Basic coke 35-89 
Basin, rock 2-12 
Batea 10-538 
Batholith 2-11 
Battelle coal cleaner 36-16 
Batter blocks in tunnel sets 6-22 
Batteries, elec 42-36 
Battery breast, 10-482, 10-497 

capac of locos, 1 1-39, 16-14 

Baum coal jig 86-16 

coal-washing plant 36-32 
Bausch & Lomb prismatic telescope 18-11 
Bauxite, deposits 10^-17 
occurrence of 2-26 
sale of 32—17 

Beach placers 10-17, 10-536 
Bead tests with blowpipe 1-09 
Beads, cupel, weighing 30-14 
Beaman’s stadia arc 17-46 
Beams, concrete 48-13 
mechanics of 48—03 et seq 
solution of forces in 36-32, 36-38 

timber 43-33 

Bearing power of rocks, etc 10-632 
pressures for foundations 43—07 
sets in shafts 7-15 
Bearings for hoisting sheaves 12-18 
mine-car, friction of 11-29 
puliey-ehaft 41-08 
pump 40-38 

Beatson mine, methods 10- 290 

Beattie Gold mine, cost of exploration 10-38 

Beaum4 scale for petroleum 2 31 

Bed, rock 2-11 

Bedrock cuts 10-653 

ditches, Fla phosphate mimng 10-469 
false 10-534 
of placer deposits 10-536 
Bods 10-03 

exploration of 10- 76 
lateral development in 10-82 
room and pillar mining in 10-149 
Bee-hive coke ovens 35-34 
Belgian lead deposits 2~ 24 
Belgium, coabmine fat ah ties 23-32, 23-34 
Belknap chloride coal washer 36-18 
Bell signals for shafts 12-84 
Belmont mine hoisting drum 12-13 
Belt conveyers, coal preparation 36-10 
in D. C. & E. mine 10-138 
at open-pit iron mines 10-437 
for sorting 28-16 
underground 10-416 
fastenings 41-07 
feeders for coal 86-03 
friction 86-42 
shifter 41-07 

Belt-bucket elevators 27-38 
Belt>driven compressors 10-17 
Belting, power 41-04 et aeq 
Belts for bucket elevators 27-33 
Bench holes in tunnelling 6-12 
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Bench marka 17<-89, 17-86 

placers 10-634 
in stopes 10-127 

system of coning and quartering 29-08 
Bench-cut round in shafts 7-08 
Benches m breast stopes 10-134 
hydraulic-mining 10-663 
Malayan tin mines 10-624 
open-pit iron mines 10-435 
in underhand stopes 10-153 
Bendigo gold ores 2-26 
saddle reefs 10-16 
Beading moment in beam 43-08 
stress in hoisting rope 12-23 
stresses in pipes 88—21 
Bends in airways 14 27 
Benevolent Soc, Trail, B C 22-17 
Benguet Min Co tramway 26-31 
Bennett mine, Mesabi, scraping 10-419 
Berlin, Nev, hand stoping 10-126 
Bernoulli’s hydrodynamic law 38-11 
Berry crosshead 12-97 
Beryl, occurrence of 2-32 
Bevel framing square-set timbers 10-217 
gears 41—02 

Bi-cable tramways, designing 26-09 
Bichel pressure gage 4 04 
Bieler-Watson elec prospecting method 
lO-A-17 

Big Cr tunnel, procedure 6-24 
Big Jim cyanide plant 83-27, 83-30 

Big Lake oil field, I'ex, temperature 10- A- 20 
Bilbao, Spain, iron ore 2-22 
Bingham, Utah, chute-gate 10-407 
copper deposit 2 23 
enriched zone 10-20 
hand loading 10-301 
mine development 10-82 
opcn-pit mine 10-440 
sill-floor timbering 10-222 
stoping method 10--205 
vert-face slope 1(1 208 
Binomial theorem 36-04 
Bins, ore 12-126 rt seq 

removing sticky ore from 16-64 
stresses in 12-131 et seq 
Biram anemometer 14 -22 
Bird filter 35-27 
Birmingham, Ala, drifting 10-99 
Bisbee copper deposit 2-23 
glory-hohng 10-460 
Mitchell Kiicing 10-228 
sill timbering 10 219 
square-setting 10-213 
top-slicing 10^ 316 
trolley locos 11 41 
Bisbee Queen shaft, cost 7-26 
Bismuth flux 1 08 
penalty for 32—06 
source of 2-26 
Bit for shot-boring 9-61 
Bits for cable churn drills 6-10 
detachable 6-08 
diamond-drill 9-46 
drill, in shaft-sinking 7-07 
in tunnels 6-11 
Kind-Chaudron 7-22 
for placer prospecting 9-41 
rock-drill 6-03 ct nrq 
standard oil-well rig 9-11 
Bit-setting, diamond-drill 9-54 
Bituminous coal 2-29 

mines, ventilating cost 14-07 
mining costs 21-36, 21-40, 21-41 


Bituminous coal strip mining 10-464 
uses tor 86-02 
joint conference 22-20 
shale 2-30 

State agreements 22-20 
Black Hills ore deposits 2-25 
Black powder 4-07 
blasting 5-15, 6-18 

chemistry of 4-02 
in coal mines 4-26, 10-616 
magazine 4-14 
shipping 4-11 
smoke 23—08 

Black Rock mine, bricked chute 10-406 
Black sands 2-25 
Black and white prints 17-11 
Blackdamp, composition 23—06 
detectors 23-29 
Blacklisting 22-16 
Blades of mine fans 14-61 
Blake jaw crusher 28-02, 28-03 
Blasius-Nikuradse hydraulic curve 38-12 
Blast in gas producers 40-42 
holes, spacing in quarries 5-26 
Blast-hole churn-drilling 9-43 
Blasting, asbestos mines 10—454 
caps 4- 26 

disposal of 4-18 
Chino mine 10-438 
Chuquicamata open-pit 10-462 
(logged chutas 10-406 
in coal niines 10-511 
at Fhn Flon opcn-cut 10-453 
formulas 5-17 
frozen gravel 10-613 
gaseous products of 23-4)7 
gelatin 4-10 

hydraulic-mine banks 10-663 
machine 4-21 

in coal mines 23-36 
testers 4-30 
in tunnels 6-14 
Marquette Range 10-435 
Mesabi open-pits 10-435 
Morenci open-pit 10-450 
New’ Cornelia mine 10-448 
powder, black 4-07 
precautions 4-22 
in shafts 7-09 
special purposes 4-22 et $eq 
stumps 3-11 
theory of 6-11 
timbers, top-slicing 10-300 
I'nited Verde open-pit 10-442, 10-446 
Utah Copper mine 10-440 
Blasting-set in shaft-sinking 7-17 
Blaw-Knox coal deduster and filter 36-28 
Block method of top-slicing 10-318 
quarry 5-24 
riffle 10-666 

system of stoping 10-198, 10-200 
Block-caving 10-339 et seq 
subsidence 10-625 
summary 10-369 
Blockholing 10-125 
Blocking of square-seta 10-223 
Block P mine, overhand stoping 10-239 
Block-signal systems 16-21 
Blower fans in mines 14-14 
Blowers, displacement 16-02 
prejisure 16-20 
ventilation 6-21 
work of 89-12 

Blowing for ventilation 6-21, 14-04 
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Blow-off valvet in pipe lines 88-33 
Blowpipe assays 30-08 
testing 1-07 et aeq 
Blueberry mine, top-slicing 10-312 
Blue Channel drift mine, scraping 10-A44 
Blue Diamond gypsum quarry 10-433 
mine, chambering 10-161 
Blueprint paper 17-10 
Bluestone, nature of 2-28 
Board measure 40-62 
Boat shipments of explosives 4-10 
Bobs for shaft plumbing 18-17 
Bodenmais copper deposit 2-23 
Bodie, Cal, hand drifting 10-93 
Bodinson Mfg Co, dragline dredges 10-603 
Boe placer mine 10-676 
Boiler horsepower 39-36, 40-15 
settings 40-14 
tubes, listed 41—13 
water, purifying 40-20 
Boiler-feed pumps 40-88 
Boilers 40-09 et aeq 
heat transfer in 89-36 
for steam thawing 10-617 
Boiling of domestic water 88-30 
Boiling point, altitude by 17—40 
Boiling points of substances 39-86 
of water 87-06 

Boise Basin, Idaho, dragline dredging 10-606 
Boleo mine, conveyers 10-417 
Bolts, listed 41-20, 41-81 
strength of 48—38 
for wood-work 43-37 
Bond in brick masonry 43-10 
in concrete beams 43—16 
Bond and lease 88-08 
form of 26-07 

Bonding of steel rails 11-15, 16-07 
Bone ash for cupels 30-14 
Bony coal 2-30, 34-03 
disposal of 34-09 

Bonne Terre mine, drift round 10-99 
scaling roof 10-134 
Bonnet, hoisting-cage 12-99 
safety-lamp 23-26 
Bonus for safety 88-67 

system for shaft-sinking 7-06 
system of wages 28-06 
Boom, sliding, in tunnehng 6-23 
Booming 10-541 
stripping by 10-24 
Booster fans 14-09,14-42,83-80 
stations on pipe lines 44c-88 
Boots of bucket elevators 87-33 
Borates, occurrence of 2-32 
Borax for assaying 30-06 
bead tests 1-09 
sources of 2-33 

Bord-and-pillar coal mining 10-506 
Borehole data, computing 9-68 
pump 16—16 
samphng 9-31, 10-39 
Mesabi 10-63 

Boreholes, estimating tonnage from 10-71 
extracting minerals by 10-398 
locating 10-36 
pumping through 13-07 
resistivity measurements lO-A-19 
for sand jBUing 10-423 
spacing 10-63 

Boring, deep, in rock 10-67 et aeq 
Kind-Chaudron 7-22 
methods, choice of 9-69 
organisation for 10-37 


Boring, prospecting by 10-34 et aeq 
records 10-47 et aeq 

Boring and sampling practice 10-64 et aeq 
Borings before shaft-smking 8-02 
Bort drilling bit 9-66 
Boryslaw oil field, swabbing 44-14 
Boss, volcanic 2-10 

Boston Consol mine, methods 10-371 et aeq 
Boston leveling rod 17-08 
Bottle agitation test 31-16 
Bottom-cut round m shafts 7-09 
Bouche’s formula for pipe hnes 38-84 
Boulder blasting 6-20 
quarry 6-24 

Boulder Co, Colo, gold ores 2-26 
Boulder Dam, cableway 88-48 
Boulders in drift mines 10-609 
in hydraulic naming 10-553 
in shaft-sinking 8-02 
Boundary caving drifts 10-362 
crooked 17-33 

Box elevator, hydraulic mining 10-674 
Boxes for drill cores 10-63 
Box-head type of tramway 86-40 
mono-cable tram^ ays 26-48 
Box-type scraper 87-18 
Bracket, surveying 18—04 
Braden mine, block-caving 10-361 
combined method 10-383 
drift lagging 10-108 
hand sloping 10-120 
pilot raises 10-1011 
sloping method 10-131 
Bradford coal breaker 88-08, 38-08 
oil field, water-flooding 44—88, 44-88 
Brake engine for hoists 12-16 
horsepo^^er 39-08 
Brakes, hoisting-drurn 12-14 
mine-car 11-13 
tramway 88-86 

Brakpan mine, Rand, development 10-90 
Branch pipes, calculation of 38-16 
Branched chutes, block-caving lO 346 
raises, sub-level caving 10-336 
Branch-raise caving 10-367 
Bratt resuscitator 88-87 
Brattice cloth for rescue work 33—88 
mining 14-13 

Braun sample grinder 89-07 
Brazilian iron ore 2-22 
Breakage of anthracite 34-31 
Breaker, anthracite, ideal 34-05 
products 34-03 
refuse 84-06 

for flushing 10-516 
roils, anthracite 84—17 
structures 84-14 
Breaking character of rocks 6-02 
coal at strippings 10-467 
ground in coal mines 10-611 
flat-back slopes 10-266 
Malayan tm mines 10-625 
in open-cuts 10-430 
Rand 10-146 
in slopes 10-124, et aeq 
load 48-08 

parts, jaw-crusher 88-04 
Breast stoping 10-124, 10-133 et aeq 
Boleo mine 10-417 
Breasting in drift mines 10-607 
Breasts, coal mine 10-481 
Breathing apparatus, portable 88-88 
oxygen consumed 88-18 
Breccia 2-03, 2-07 
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Breccia fault 2-13 
fillings 10-16 

Brecciated ground, Tri-State distr, 10-137, 
10-141 

Breeze, coke 86-30 
Brick masonry 43-10 
from shale 2-28 
varieties 48—10 

Bricked chute, Black Rock mine 10-406 
Frood nune 10-204 
Bridge, timber 48-40 
trusses 43-86 

Bridges, structural-steel 48-61 
Briggs clinophone 9-67 
gate 27-86 

mine, underhand square-setting 10- 210 
Bright, Victoria, dredging 10-598 
Brine wells 10-398 
Bristol plotting device 18-87 
recording gage 88-28 
Britannia Beach, payroll system 22-10 
Britannia mine, deviation of boreholes 9-63 
hand sorting 28-17 
machine loading 10-104 
scraper loading 6-16 
tunnehng 6-17 

Britannia Min 8c Sm Co, bonus system 22-07 
British coal mining 10-496 
rope drive 41-02 
thermal unit 32-20 

British Columbia, hand stoping 10-126 
mining law 24-88 

Nickel Co, tunneling 6-17, 6-24, 6-26 
placer drilling 9-42 
Broaching of rocks 5-24 

Broken Hill mines, comp-air ventilation, 11^64 
Broken Hill South mine, chutes 10-404 
shaft-plumbing bucket 18-20 
survey spads 18-08 
underhand square-set stope 10-210 
Broken stone, quarrying i^26 
Brown cyanide tank 88-17 
hematite ore 2-21 
prticees paper 17-11 
Brown 8t Mills oxygen apparatus 28-66 
Brown 8b Sharpe wire gauge 42-06, 42-06 
Brucite, tests for 1-50 
Brunton magnetometer lO-A-08 
pocket transit 17-06, 18-06, 18-18 
samplers 22-4>6 
sampling shovel 22-07 
Brushing in coal mines 10-474 
Bryant crosshead 12-97 
Buck Mt coal seam, headings in 10-511 et 
Buckboard for assay samples 80-^8 
Backet conveyers 27—81 

effic of dragline excavators 10-465 
elevators 27—82 
hooks 12-94 

Bucket-ladder dredges 10-677 ei teg 
Buckets, dredge 10-582 
for elevators 27-82 
for hand windlass 12-67 
hoisting 12-91 ei $eq 
for whim hoisting 12-68 
Bucyrus-Armatrong churn drill 9-43 
Buda-Hubron well digger 0-08 
Buffalo mine, methods 10-278 
Buggy breast 10-481 
Buhler shaking-acreen drive 86-06 
Building stones, occurrence of 2-28 
Buildings, structural-steel 48-62 
Bulkheads against mud runs 10-626 
for fiiushing 10-617 


Bulkheads, hydraulic-mine 10-663 
timber 10-223 
Bullard’s Bar dam 10-562 
Bulldozers, excavating with 3-07, 3-14 
Bulldozing chamber 10-293, 10-409 
FresniUo 10-462 
Bullion, melting 83-06 
Bullwheel, oil-well rig 9-10 
Bulolo, New Gmnea, dredging 10-597 
Bulowat Syndicate undercurrents 10-570 
Bultfontein diamond mine 10-392 
Bumpers, mme-car 11-08 
Bumps in coal mines 23—63 
in mines 10-621 
Bunch blasting 6-14 

Bunker Hill 8b Sullivan, accounts 21-28 et seq 
carbon consumption 9-66 
diamond drilling 9-59 
filled square-sets 10-209 
shaft, cost 7-24 
trolley locos 11-40 
Bunkers, suspended 12-128, 12-133 
Bunting’s rules for mine cover 13-03 
Burbank oil field, repressuriug 44-20 
Bureau of Mines established 24-12 
Buried placers 10-636 

valleys, danger from 13-03 
Burma Corp, accounts 21-26 
Burned cut 10-94 
in tunneling 6-08 
Bumettizing of timber 48-88 
Burning point, defined 41-12 
stumps 3-12 

Bums, treatment of 23-64 
Burra Burra mine, raise round 10-114 
fcub-lcvel stopmg 10-186 
tunnehng 6-17 

Burrell methane indicator 23-89 
Burro Mt, N M, churn-dnll sampling 10-47 
Burrowing animals as aids in prospecting 10-24 
Burt solar attachment 17-26 
solar compass 17—26 
Business management of mines 20-02 
Bustenari oil mining 44-24 
Butane in mine air 23—06 
Butte, back filling method 10-244 
boring record 10-49 
C’alyx drill in winzes 10-122 
copper deposits 2-23 
erecting square-sets 10-226 
extinguishing fires 10-428 
filled nil stope 10-264 
flat-back filled stopes 10-244 
headframes at 12-77 
hoisting guides 12-83 
jackhammer drifting 10-101 
machine loading 10-106, 87-80 
mine car 11-07 
mine mapping 18-26 
mines, cooling 14-68, 14-61 
recovery of caved stope 10-233 
nil stoping 10-206 
shafts, cost 7-26 
shaft-plumbing device 18-17 
sill timbering 10-220 
silver ores 2-25 
sorting chute 10-404 
timber consumed 10-225 
tramming 1 1-32 
trolley locos 11-41 
Butterfly chute-gate 10-410 
Butters filter 88-22 
By-product coke ovens 86-84 gt seo 
By-products of coking 86-82 
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Cabezas del Paste mine, filled slope 10-259 
Cable leads underground S8->S6 
oil-well rig 9-10 
sises on tramways 86*09 
Cables, formulas for 86*02 et aeq 
twin-cable tramway 86*86 
Cable-reel locos 16*14 
Cable-tool drilling for oil 9-09 et eeq 
rigs, specifications 9-14 
V8 rotary drilling 9-24 
Cableways 86*02, 26*44 et aeq 
light 26*48 
movable 86*46 
at open-cut mines 10-433 
in placer mining 10-544 
in rock excavation 5-22 
trench 3-11,3-14,3-15 
Cadmium, source of 2-26 
Caesium, source of 2-26 
Cage and skip accidents 23*41 
Cages, hoisting 12-97 et aeq 
passing point of 12-10 
Caging of mine cars 12-45, 12-103 
Cain’s formulas for bins 12-132 
Caisson disease 15*47 et aeq 
work, N Y laws on 8-14 
Calamine 2-23 

Calamon mine, filled-rill slope 10-273 
Calaveras Central drift mine 10-610 
Calaveras Co, Cal, placer mining 10-548 
Calculations, milling 31*19 et aeq 
from sampling 26*18 
Calculus 38-26 et aeq 
Calibrating watt-hr meter 42*32 
Calif, central, dredging in 10-588 
coal mining 10-500 
cost of oil wells 9-36 et aeq 
dragline dredging 10-600 
dragline placer mimng 10-550 
dredge 10-577 

drift mining 10-607, 10-608, 10-610 
hydraulic mines 10-558 
hydraulic mining 10-552 
Mimng Act of 1937 24*16 et aeq 

northern, dredging 10-592 
oil-well core recovery 9-33 
derricks 9-18 
switch 27-80 
Callow flotation cell 31*14 
Calorie 39-20 
Calorific value of coal 2-30 
Calorimeters 40*46 
Caloz drilling mud 9-19 
Calumet A Arizona mine, Mitchell slicing 
10-227 

recovering timber 10-224 
Calumet & Hecla mine, development 10-87 
hoisting speed 12-46 
inclined square-set 10-232 
stuiled open stope 10-167 
ventilation 14-^6 
Calyx drill in winzes 10-121 
drilling 9-61 
Camels-hair belts 41*07 
Cameras, aerial 17*49 
Caminetti Act 10-552 
Camp buildings. Nor Ontario 10-78 
structures, coet of 22*29, 22*27 
Campbell mine, filled-rill stoping 10-265 et aeq 
Mitchell slicing 10-228 
Campine dist, Belg, shaft-sinking 8-22 
Canada, mining laws 24*81 ct aeq 
smelter settlements 32*14, 32*16 
Canals, design of 88-24 et 


Canals, right of way 24*11 
Canam Metals Corp, deep-hole hammer drilling 
10-71 

Cananea, timber consumed 10-224 
top-slicing 10-302 
Cananea Cons ore bin 12-129 
Canaries for detecting carbon monoxide 28*17 
in rescue work 23*68 

Candelaria mine, open underhand stope 
10-155 

Candle Cr, Alaska, water thawing 10-619 
Candle power, defined 42*32 
of safety lamps 23*26 
Cantilever beam 43*03 
retaining wall 43*21 
Canvas belts 41-07 
tubing, ventilating with 14-15 
Cap crimpers 4-29 
methane 23*26 

Capac of aerial tramways 26*08 
of anthracite breakers 84*27 
of comp-air pipes 16*14 
of cone crusher 28*09 
of crushing rolls 28*12 
of elec locos 16-13 
elec, units of 42*02 
factor, power, defined 40-04 
of fan-pipe ventilators 14—15 
of gyratory crushers 28-06, 28*06 
of hoisting shafts 10-84 
of jaw crushers 26-03, 28*04 
of loco batteries 16-14 
of pump 40-28 
reactance 42*14 
of reversible tramways 26-86 
of storage battery 42*36 
of storage-battery locos 16*16 
of tube-mills 33*12 
ra effic of boilers 40-09 
Cap-butting square-sets 10-214 
Capell fan 14-40 
Capital account, mining 20-04 
requirements, estimating 26*26 
Capitalized cost 43*02 
Capote shaft, timber treatment 7-17 
Capping wire rope 12-28 
Cappings and gossans 10-18 
Caps, blasting 4-12, 4-26 
in square-set stoping 10-198 
Car, determining size of drift 10-92 
dumps 11-30 
hauls, motor-driven 16*11 
servicing, mechanical loading 27*29 
stops 11-30 

on cages 12-103 
for tunnel driving 6-20 
unloaders 84—31 

Carbide, yield of acetylene from 23*06 
Carbon in cyamdation 88*07 
dioxide, effect on lamps 23*26 
in mine air 28*06 
outbursts 23*09, 28*10 
physiological effect 23*17 
minerals 2-29 et aeq 
monoxide, detecting 23*80 
effect on caisson disease 16*48 
in fiue gas 89*83 
in mine air 28*05, 23*29 
in mine fires 23*61 
physiological effect 23*17 
tetrachloride fire extinguisher 13*68 
Carbonates in rooka 2-02 
Carbons, loss of 9-54 

United Verde mine 10- 67 
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Carbureters 40-42 
Cardox coal blaster 4-08, 28-35 
Care of amalgamating plates 88-08 
of hoisting ropes 12-26 
of lead storage battery 42-86 
of mine-rescue apparatus 28-57 
of transit 17-06 
Caribou undercurrent 10-570 
Carload shipments of explosives 4-10 
Carnot cycle 80-40 
Carnotite, occurrence of 2-27 
tests for 1-60 

Carpenter centrifugal dryer 85-25 
Carr drill bit 6-03, 5-04 
Carriage, drill 6-08 

Montreal mine 6-07 
for cableways 26—44 
mounting of drills 10-95 
tramway 26-18 
for trench drilling 5-28 
Carriers, cableway, spacing of 26-06 
reversible-trarnway 26-36 
tramway, transferring 26—28 
twin-cable tramway 26-85 
Carryall scrapers 3-07 
Cars for loading sluices 10-543 
Malayan tin mines 10-623 
in rock excavation 5-23 
in rock quarries 5-25 
for shipping explosives 4-10 
underground 11 -03 et sfq 
Carson Hill mine, square-set shrinkage 10-392 
open-pit mines 10-454 
Cartridges, explosive 4-07,4-11 
Carts, haulage in 3-06 
in rock excavation 5-23 
Cary A shaft, Wis, guniting 7 -20 
Cascade tunnel, advancing 6-07 
Casing, diamond drilling 9-44, 9-51 
oil-wcll, cementing 9-30 
pipe, oil-well 9-25 ei stq 
punifMi, oil well 44-15 
strength of 9- 29 
troubles, ('il-woll 9-29 
wnsh-bonng, pulling 9-03 
Caspian mine, top-shemg 10 310 
Cassiterite, occurrence 2- 27 
Cast iron, properties 48-42 
Cast-iron pipe 88-17, 38-19 
listed 41-15 

Castset diamond bit 9 -55 
Cathode and cathiona 42—34 
Catskill aqueduct pneumatic shaft 8-14, 8-15, 
8-16 

Causes of accidents in mines 23—37 
of U S coal-mine fatalities 23-83 
Caved ground, leakage of air in 14-16 
ventilation 14-06 
slopes, recovery 10-233 
Caving 10-124 

methods of mining 10-297 el neq 
summary 10-370 
ventilating in 14-21 
sub-level 10-324 et seq 
Cavities, rock 2-18 
Cavity-filled orebodies 10-11 
Cavour mine, hand stoping 10-126 
Ceag electric lamp 88-27 
Cedar wood, properties 48—31 
Cellulose, composition 2-29 
Cement copper, recovery of 10-399 
Cementation of oil wells, temp survey lO-A-27 
for shaft-sinking 8-23 
Cemented placer gravel 10-536 


Cementing diamond-drill holes 9^-51 
oil-well casing 9-30 
Cements, sources of 2-28 
varieties 43-09 
Cenozoic rocks 2-18 

Centennial copper mine, development 10-88 
Centennial-Eureka mine, cribs 10-223 
domed slope 10-206 
Center of press, hydraulic 88-4)6 
Centers of gravity 86-48 et eeq 
Centerville, Idaho, dredging 10-502 
Central Copper mine, development 10-86, 
10-86 

oil-well pumping plants 44-18 
Patricia camp bmldings 10-78, 28-26, 22f> 27 
Centrifugal compressors 15-4)2 
dryers 35-24 
fan 14-39 
force 36-67 

mine pumps 13-12 et seq 
automatic 13-19 
pump 40—32 et seq 
pumps for gravel 10-575 
in mines 16-15 
oil-well 44-12 

Centrifugal-discharge elevator 27-32 
Centnpetal force 86-57 
Centroid of forces 36-48 
Cerium, source of 2-26 
Cerro de Pasco mine shaft pocket 12-120 
taping 18-14 

Certificate of claim location 17-66, 17-89 
Cham conveyer, Pittsburgh scam 27-20 
drives 41-11 
equalizing hoist by 12-03 
pillars for water protection 13-04 
Chain-bucket conveyers 27-31 
dredges 10-677 ct seq 
Chain-driven compressors 15-17 
Chains for bucket elevators 27-32 
for elevators, etc 34—24 
on hoisting cages 12-102 
Chairs, landing 12-104 
Chalcocite as evidence of enrichment 10-20 
Chamber blasting 5-17 
wtirkings 10-175 et seq 
Chambering of blast holes 4-20 
Champion Copper Co, accounts 21-29 
Champion mine, bonus system 22-07 
chute-gate 10-411 
filled stope 10-252 
machine loading 10-104 
raising practice 10-118 
8(rapcr mucking in shaft 7-11 
Chance coal-cleaning system 34-10, 84-19, 
35-18 

Chandler mine, sub-level caving 10-328, 

10-334 

Change houses 22-21 
Changkol, Malayan 10-621 
Channel sampling 25-11 
Channelers, quarry 15-40 
Channeling, quarry 5-24 
Channels, flow' of water in 38-17, 88-81 
Chapin mine, filled stope 10-259 
level intervals 10-326 
shaft-sinking 8-21 

Characteristic curves, centrifugal pumpe 40-88 
et seq 

Characteristics of fans 14-44, 14-50 
of induction motors 42-20 
Charcoal precipitation from cyanide sola 88-09, 
33-24 

testing on 1-08 
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Charge, base, for smelting 8M8 
Charges for boulder blasting 5-20 
for churn-drill blasts 6-15 
for coyote blasts 5-19 
for machine-drill blasts 6-14 
for scorihcation assay 8(K>18 
typical assay 80-08 
Charging blast holes in tunnels 6-12 
deep holes 5-16 
explosives 4-19 

Charleroi shaft, Belg, walling 7-21 
Chas. Snyder sampler S9-06 
Check assays 30-16 

payment of wages by 8S-10 
sampling 29-08 
valves for pumps 13-16 
Checking in and out of mines 23-86 
of level notes 17—36 
traverses 17-19 

Check-off at anthracite mines 22-19 
Checks on sampling 26-17 
on surveys 17-21 
Check-sampling placers 26-14 
Chemical elements 37-02 
equivalent, defined 42-34 
Chemicals, prices of 26-24 
Chemistry of cyanidation 33-07, 88-08 
Cherry picker in tunnels 6-19, 27-30 
Ch6zy hydraulic formula 38-14 
for ditches 38-26 

Chicago drainage canal cableways 5-22 
Chicken ladders 10-133 
Chicksan mines, Korea, hand drifting 10-93 
hand stoping 10-127 

Chief Consol, deep-hole drilling 5-07, 10-69 
drill-hole record 10-62 
shaft, concreting 7-19 
Chile Copper Co, accounts 21-28 
Chile Exploration Co, churn drilling 10-57 
open-pit mining 10-450 
Chill point 41-12 
Chimneys, effic of 40-14 
formulas for 39-09 
lead-ore 10-168 
Chinaman chute 10-408 
Chinese measures 46-61 
Chino mine 10-438 

blast-hole drilling 0-44 
churn dnlhng 10-59 
churn-drill samples 10-46 
prospect drilling 9-42 
stripping estimates 10-470 
Chip samples of buried outcrop 10-67 
Chip sampling 26-12 

Chititu Cr, Alaska, hydraulic mine 10-560 

Chlorination of water 22-29 

Chock mat, Rand 10-148 

Choice of drills for stoping 10-132 

Choking of oil wells 44-04 

Cholera 22-84 

ChonoUth 2-10 

Chord method of plotting 17-12 
Christie coal dryer 36-29 
Chrome ores, sale of 82-16 
Chromium in cyanidation 83-07 
ores 2-26 

Chrysotile, occurrence of 2-28 
Chuquicamata, Chile, churn driUing 10-57 
open-pit mining 10-450 
Churn drilling 10-37 
Ajo, Ari* 10-69 
by hand 6-07, 9-03 
Cbi^ drills, cable 6-10 
for prospecting 9-41 et aeq 


Chum drills, for sampling placers 26-14 
in stopes 10-125 

Churn-driU blasting 10-442, 10-462 
charges 6-16 
blast holes 9-43 
cable-tool 9-09 et aeq 
sampling 10-44 
Chute breast 10-481 

coal loading, automatic 36-09 
loading and tramming from 10-102 
raises 10-370 

shrinkage stopps 10-276 
square-set slicing 10-307 
timbering 10-249 
for unloading explasives 4-17 
Chute-gates 10-407 et aeq 
Miami mine 10-380 
Ray mine 10-378 
Chutes for anthracite 34-24 
from bucket elevators 27—38 
in coal preparation 86-10 
dry-wall 10-253 
Frood name 10-204 
mimng 10-403 el aeq 
for shrinkage stopes 10-275 
sorting 28-16 
spacing of 11-44 
in square-sets 10-212 
stationary 10-415 

Cinderella Cons mine, sand filling 10-424 
Cinnabar, occurrence of 2-26 
poisoning by 23-19 
Cippoletti weir 38-11 
Circle, equations of 36-20 
moment of inertia 36-47 
Circle dist, Alaska, dragline placer mining 
10-549 

Circles, areas of 46-19, 46-20, 46-26 et aeq 
circumferences of 46-26 et aeq, 46-48 
geometry of 86-09 
mensuration of 36-12 
Circuit tester for blasting 4 -21 
Circular arcs, lengths of 46—42 
mil 42-05 
pitch of gears 41-02 
shaft, pocket in 12-121 
shafts 7-02 

Circumferences of circles 46-26 et aeq 
Citizenship, U H, proof of 24-06 
City Deep mine, hoisting 12 -69 
resuiiig 10-146 
shaft, concreting 7-19 
cost 7-29 

Claim boundaries, cut by outcrop 24—22 et aeq 
description of 24-09 
ideal 24-21, 24-22 
legal dimensions 17-66 
location, marking 24-18 
lode, locating 24-06 
placer, locating 24-09 
system 24-03 
Claims, dimensions of 24-18 
lode, locating, etc 24—18 
Clamps, wire-rope 12-29 
Clanny safety lamp 28-28 
Claremont tunnel, procedure 6-23 
Clarifying cyanide sols 88-22 
washery water 36-26 
Clarkson loader 27-08 
Class A breaker 84-08 
B breaker 84-07 
C breaker 84-08 

Ciassifleation of anthracite pre]>aration methods 
84-05 
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Classification of anthracite storage plants 

84-28 

of beams 48-08 
of blasting gelatins 4-04 
of coal-sizing screens 84-16 
of coals 2-30 

of colliery explosions 88-42 
of cyanide feed 88—18 
of elec transformers 42-27 
of explosives 4-04 
of fuel oils 40-41 
of gassy mines 28—20 
of igneous rocks 2-04 
of internal-comb engines 4<M2 
of mining methods 10-123 
of ore deposits 2-20 
of permissible explosives 4-06 
of placer deposits 10-634 
of pumps 40-30 
of rescue apparatus 28-05 
Classifier efiic, formula 81-20 
on tin dredge 10-627 
Classifier-jig tin dredges 10-626 
Clay digger 16-34 

grouting for shaft-sinking 8-24 
puddling, Malaya 10-620 
Clays, classification of 1-50 
nature of 2-28 
residual 10--17 
Clay-working dredges 10-628 
Cleaning of drawings 17—14 
of sampling mills 22-4)9 
Clean-up of amalgamating plates 88-03 
of dredge sluices 10-587 
of sluices 10-571 

Clearance, oir-compressor 16-18, 82-10 
Clearing 3-11 
Cleat of coni 10-477 
Cleavage of crystals 1--06 
Cleveland Cliffs Iron Co, boring practice 10-62 
platting borelu»le8 10- 52 
sludge box 10-30 
Climax, Colo, ore occurrence 2-26 
mine, ^block-caving 10-367 
diamond drilling 0-60 
drift round 10-100 
Clinometer 17-08 
hanging 18-13 

Clinton colliery stripping 10-467 
hematite 2-21 
iron ores 10-16 
boring for 10-34 
mining methods 10-150, 10-170 
prospecting 10-33 
Clip on traction rope 28-18 
Clip-type mono-cable tramway 26-89 
Clogged chutes, loosening 10-406 
Closed tube, testing with 1-08 
Union shop 22-16 

Closed-tank timber treatment 10>236 
Cloaing corners 17-80 
side of traverse 17—88 
Clatchea, hoist 12-15 
Coagulation in water treatment 22-29 
Coal, analysis of 2-29 

analytical deter mi nationa 26-29 
analysing 8(^20 
blasting in 4- 25 
cleaners compared 84-22 
mechanical 84-18 
Commission, Federal 81-02 
crushing strength 10-530, 10-631 1 
cutters, accidents from 28-88 
comp-air 18-40 


Coal cutters, elec 16-16 et »eq 
makers 16-81 
drills, makers 16-81 
dust 23-44 

explosibility of 28—48 
inflammability 23-12 
in mine air 23-18 
geology of 2-29, 2-30 
loading from breakers 84-14 
mines, black powder in 4-25 
British, ventilating cost 14-06 
effic of air distrib 14-16 
tramming in 11-44 
ventilating 14-17, 14—18 
mining 10-472 et seq 
contracts 22-08 
costs 21-36 et aeq 
rates 22-20 
preparation 36-02 ei aeq 
prices of 25-24 
sample, crushing 25-08 
seams, characteristics 2-30 
skips 12-111 
strip mining 10-464, et aeq 
by elevating grader 3-16 
testing sieves 31-08 
weight of 26-21 

Coal-burmng furnaces 40-12 et aeq 
CoaUdust explosions 28-48 
fatalities 23-34 
preventing 23-47 
Coal-mine accidents 23—80 el aeq 
explosives 4-06, 4-22 
regulations 23-W 
shafts, cost 7-28 
Coal-mining law', B C 24-84 
Iciise, Alberta 24-88 
Coal-washmg tables 36-20 et aeq 
Coals, heating value of 89-30 
t>pical analyses 40-11 
vol of gas in 23-09 
Coalinga oil field, costs 44-17 
Cobalt, Ont, open-cut mimng 10-431 
ore occurrence 2-25 
prospecting at 10-30 
shrinkage stopmg 10-277 
ores, assaying 30-18 
sol, tt*st8 With 1-09 
sources of 2-26 

Cobb system of coning and quartering 29-08 
Cobble nflle 10-566 

Cody’s Bluff oil field, water-flooding 44-28 
Coeff of adhesion to rails 11-35, 18-12 
of belt friction 41-04 
of contraction in airways 14-29, 14-30 
of discharge 88-07 
of expansion 89-22 
of friction 88-41, 36-42 

band drives 28-4)7 
of heat transfer 89-88 
of strength in beams 48-08 
of traction 11-28 
of tractive resistance 11-27 
Coeur d’Alene distr, cost of ciiA mnni|. drilling 
10-68 

Stull sets 10-233 
wages scale 22-08 
mines, hand sorting 28-lT 
storage-battery looos 11-39 
ore deposits 2-24, 2-25 
Coffering in shaft-sinking 7-21 
Coke, composition of 88-80 
Coked coal dust from explosions 28-48 
Coking methods and time 88-30 
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Cold climates, homing in SMS 
Cold Springs mine, boring at 10-68 
resiling 10-245 

Cold-water thawing of gravel 10-617 
Cole mine, Mitchell slicing 10-228 
Colemanite, occurrence of 2-33 
Collapse of mines 23-63 
Collar of shaft 7-12, 7-13 
Colliery explosions 23-42 et seq 
fires, disastrous 28-49 
tracks, cost of 11-26 
Colombia, dredging in 10-698 
ground-sluicing 10-541 
Color of minerals 1-06 
in water 22-27 

Colorada shaft, pan mucking 7-11 
Colo, arbitration in 22-18 

dragline placer mining 10-660 
lease royalties 22-09 
ref to mining law 24-18 
typical hoist layout 12-41 
Colorado River aqueduct, mech loading 27-30 
drop-shaft 8-11 
tunnel, concreting 6-24 
round 6-09 
Color-blindness 23-22 
Column mounting for drills 10-95, 10-30 
pipes for pumps 13-09 
Columns, concrete 43-18 
Rand 10-148 
mechanics of 43-06 
timber 43-30 

Combination oil-well rig 9-12 
square-sets 10-214 

Combined mining methods 10-371 et aeq 
Combustion data 37-08 

of lamps, effect on air 23-08 
of methane 23-06 
principles of 39-29 et aeq 
products of 39-32 
Commerce 22-10 

Commem, Germ, lead deposits 2-24 
Common law, damage suits under 22-11 
Commutator of generator 42-08 
induction motor 42-22 
Compacting of earth 3-18 
“Company” men 22-02 
unions 22-16 

Compartment hull for dredges 10-681 
Compartments, shaft 7-02 et aeq 
Compass, surveyor’s 17-06 
traverse 17-16 
used underground 18-00 
Compensation funds 22-00 
insurance 22-11. 23-67 
laws 22-11 

Competence of a stream 2-16 
Complementary angles, functions of 86-17 
Composition, calculating from formula 87-03 
of igneous rocks 2-03 
Compound duplex pumps 40-32 
gears 41-03 
interest 36-08 
motor 42—10 

pipes, calculation of 38—16 
steam hoists 12-61 

Compounding test of d-c generator 42-10 
Compounds, boiler 4(h-20 
industrial, data on 37-04 
Compound-wound elec machine 42-08 
Comp air, hoisting by 12-63 et aeq 
measurement 10-^9 
quarrying by 6-24 
for repressuring oil wells 44-20 


Comp air, shaft-sinking by 8-12, 8-18 
transmission 16—07 et aeq 
working m 8-14, 10-47 et aeq 
Comp-air driihng, cost 10-28 
locos 1 1-38 

pipes, friction 16-07 et aeq 
power 16—02 et aeq 
pumps for mines 13-11 
Compressibility of minerals lO-A-38 
Compressing gas, work of 44-04 
Compression, air, heat of 14-66 
of crushed material 10-622 
of mine air, heat of 23-13 
work of 39-02 

Compressor capac for air drills 16-87 
oapac, defined 10-02 
manufacturers 10-64 
output, measuring 10-60 
plants for gas 44-07 
Compressors, capac of 39-10 et aeq 
centrifugal 14-43 
cost of 16-28 
makers 16-31 
portable 16-16 
reciprocating 16-10 et aeq 
turbo 16-20 
types of 16-02 
work of 89-09 et aeq 
Computations, mine-survey 18-22 
stadia survey 17-43 

Comstock lode, cooperative system 22-08 
Comstock nunes, atmosphere of 23-18 et ae^ 
heat effects 23-16 
Concentrate, corduroy-tabic 33-04 
Concentrating, cost of 21-24 
Concentration, Malayan tin 10-629 
Concession, mining, Quebec 24-36 
system 24-03 

Concessions, Mexican mining 24-38 
Conchas Dam, tramway 26—32 
Conciliation Service, Federal 22-17 
Concore core-drill 9-08 
Concrete 43-10 et aeq 
arches in mines 10-519 
bins, cost of 12-130 
chute 10-406 
drop-shafts 8-06 
headframes 12-80 
lining of tunnels 6-24 
monolithic column, Rand 10-148 
pancake column, Rand 10-148 
piles 43-09 
pillars 10-136 
pipe 88-20 
placing in shafts 7-20 
stringers for skip track 12-84 
Concrete-block shaft walling 7-21 
Concreting of shafts 7-18 et aeq 
Condenser, elec 42-02 
Condensers, steam 40-18, 40-»19h 
Conductance, elec, defined 42h93 
factor, airway 14-32 
Conductivity, elec, of steel rails 11-15, 
heat, of substances 39-34 
Conductor, force on 42-04 
pipe, oil-well 9-24 
Conductors, eleo 42-06 
Conduits, elec 42-81 
Cone crusher 28-08 
of friction 86-41 
Cones, mensuration of 36-14 
Conflicts, claim, surveying 17-67 
Confusion of ore samples 29-10 
Conglomerate 2-07 
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Conglomerate lode, mining methods ld-167 
Congo copper deposits 2~23 
Coniagas mine, shrinkage stope 10-278 
Conical hoisting drum 12-08 

calculating 12-32 ^ 

Coning and quartering 25--09, 29*03 
Connate water 2-19 
Connecting transformers 42*27 
Connections for a-o generators 42*16 
Connellsville mine car 11-04 
pillar robbing 10-502 
Consol Coal Co, hoist layout 12-41 
steel headframe 12-76 
tramway 26*31 

Cons Mercur Gold Mines, sub-level caving 
10-337 

Cons Min & Sm Co of Canada, labor relations 
22-17 

Constant-current circuit 42*03 
Constant-potential circuit 42*03 
Contact bed for sewage disposal 22*32 
minerals 1-11 

Contact-metamorphic orebodies 10-09 
rocks 2-09 

Contactor control of elec hoist 16*09 
Containers for samples 25*16 
for shipping explosives 4-11 
Contemporary filling of stopes 10-237, 10-273 
Contingent fees 26*29 
Continuous current, defined 42*02 
flow from oil wells 44—06 
rating of d-c motor 42-11 
elec locos 16*13 
of elec machine 42*03 
Continuous-discharge elevator 27*32 
Continuous-stave pipe 38*19 
Contour hn^, locating 17*41 
on maps 17-15 

Contours on aerial maps 17*64^ 

Contract diamond drilling 10-38 
work 22*06 
Contracted weir 38*09 
Contracting, apphcabihty 22*06 
Contraction in airways 14-30 
loss of head by 38*12 
Con-Tractor drill in gravel 10-56 
Contracts, ore-selling 32*18 
for power machinery 49-46 
Control of air distribution 14-10 
of elec hoists 16-09 et seq 
of hanging wall 10-164 
of natural ventilation 14-38 
Controllers for elec locos 19-12 
Contusions, treatment of 23*63 
Convection currents lu air 14-39 
ef heat 39-36 

Conventional signs, geologic 19-03 
on maps 17-16 
mine workings 19*04 
for riveting 43*47 

Conversion tables of measures 45*49, 46*60 
Converters, synchronous 48*22 et aeq 
Conveyers for anthracite 84*24 
chain-bucket 27*31 
for coal drying 36*28 
in coal mines 27*13, 27*17 
for coal preparation 35*10 
helical 27*34 
motor-driven 16*11 
sorting 28*16 
Conway power shovel 27*28 
in tunnel 6-15, 6-19 
Cooling by air 14-57 
of hot mines 14-54 et eeq 


Cooling internal-comb engines 40*42 
of mine air 23*14 

Cooperative Comm, activities of 22*17 
mining systems 22*08 
Coordinate plotting of traverse 17*11 
Coordinates, computing area from 17*22 
Copper, analyses and properties 37*08 
conductors, capac 16*06 
deposits 2-22 
as elec conductor 42*06 
loss in smelting 82*08 
mines, wages scales 88*06 
mining costs 21-27 et eeg^ 
ore, leaching 10-399 
ores 2-22 

assaying 30-11, 30-17 
sale of 32*04 
treatment 32*03 
in ores, payment for 38*07, 82*14 
sulph for water treatment 22*88 
wire, resistance of 4-31 
Copper Basin tunnel round 6-09 
Copper Mt, B C, shaft-sinking 7-05 
Copper Queen glory-hole 10-460 
name, benefit assoc 22*14 
car 11-07 

steam hoist 12-51, 12-52 
storage-battery locos 11-39 
timber consumed 10-224 
top-slicing 10-316 
tramming distance 11-44 
Copper Range mine, skip dumping 12-113 
skip track 12-84 
yield 21*29 

Copper-oxide rectifier 42*24 
Coppus mine fan 14-42 
Cord measure 48*62 
plumb-bob 18*06 
Cordeau blasting fuse 4-28 
Corduroy tables 33*04 
Core boxes 10-53 
diamond-drill 10-62 
drills for oil wells 9-32 
loss of d-c generator, testing 42-09 
recovery, diamond-drill 9-56 
rotary drilling 9-33 
samphng 9-31 

and sludge analyses, combining 10-42 
splitter 9-50, 10-54 
of wire ropes 12-20 
Core-barrels, diamond-drill 9-45 
Core-wall for earth dam 43*83 
Corliss valve on hoist 12-51, 12-69 
Comer set 10-198 
of square-set timber 10-232 
Comers, lost, relocating 17*33 
Cornish stoping method 10-152 
Cornwall, Pa, iron ore 2-21 
Coronado mine, combined method 10-384 
inclined top-slicing 10-321 
shrmking stoping 10-280 
Correction lines 17*30 
Corrections for angle readings 18*10 
Corrugated sheets, listed 41*20, 43*41 
Comndum, occurrence of 2-28 
Cost of air-dnll stoping 16*28, 16*29 
air-lift pumping 15*48 
air transport, Bulolo 10-697 
animal haulage 11-34 
animals 11-33 
anthracite breakers 84*27 
basic, of smelting 88*02 
boring 10-34 
branch railroads 17*62 
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Cost, breaking boulders 5-^0 
cable-tool rigs ^14 
Calyx drill 9-61 
camp buildings 10-78 
Campbell mine 10-272 
centrifugal pumps 40-87, 40-88 
churn drilling 8-10, 9-44, 10-59, 10-64 
churn drills 10-68 
chutes 10-405 
coal cleaning 86-14 
coal mining 81-30 et seq 
coal-mine flushing 10-518 
cold-water thawing 10-619 
comp-air equipment 16-27 
concentrating 21-84 
concrete shaft sets 7-18 
concreting shaft 7-19 
copper mimng 21—27 «f aeq 
coyote blasting 5-19 
custom sampling 29-16 
cyaniding 33-29 et aeq 
DeBeers diamond mines 10-398 
deep-hole hammer dnlhng 5-07, 10-69 
Detroit Copper Co 10-316 
diamond drilling 9-56 et aeq, 10-35, 10-58, 
10-65, 10-67, 10-68 
diamond drills 9^-48 
diamond-drill exploration 10-38 
Diesel-elec plants 16-08 
dragline dredges 10-601 
dragline dredging 10-604, 10-605 
dragline placer mining 10-548 et aeq 
dredging 10-588, 10-592, 10-595 et aeq 
drift mining 10-609, 10-611 
Alaska 10-613 
drilling carbons 9-54 
drop-shafts 8-09 
electric hoists 12-44, 12-45 
locos 16—13 
motors 16-24 et aeq 
power 16-02 

power equipment 42i-87 et aeq 
Empire drilling 9-05 
flushing 21-37 
forced drop-shafts 8-17 
fuels, compared 40-02 
gas-compressor plants 44-07 
gas producers 40-48 
gasolene hoisting engines 12-56 
gold dredging 10-592 
gold miUing 81-08, 21-08, 21-14, 21-19 
gravity stamping 28-16 
ground-sluicing 10-541 
gyratory crushers 28-06 
hoisting 12-59, 12-60 
cages 12-101 
sheaves 12-18 
Holhnger mine 10-260 
Honigmann drop-shafts 8-20 
Horne mine 10-191 
hydraulic mining 10-665, 10-568 et aeq 
stripping 10- 458 
turbines 40-27 

bydro-eleo power, Klondike 10-596 
illumination 48-33 
internal-comb engines 40-40 
iron mining 21-34 
jaw crushers 28-04 
Keystone placer drill 9-42 
Kind-Chaudron shafts 7-23 
Klondike dredge 10-596 
loading, Hartley mine 10-136 
Malayan tin dredging 10-628 
masonry shaft lining 7-21 


Cost, mechanised bituminous mines 27-24 
Miami mine 10-353 
mine development 10-84 
dwellings 28-86 et aeq 
stoppings 14-10 
track 11-26 
ventilation 14-06, 14-64 
mining 21-01 et aeq 
comparative 10-428 
mono-cable tramways 86-41 
Morenci open-pit 10-450 
Mt Isa glory-holing 10-463 
moving dragline dredges 10-601 
oil-treating plant 44-24 
oil-well derricks 9-18 
drilling 9-36 et aeq 
equipment 44-17 
oil wells, Okla 9-24 
operating power plants 42-88 
ore bins 12-130 
overcasts 14-14 
pneumatic shafts 8-14 
portable cable-tool rigs 9-15 
power 40-05 et seq 
prospect churn drilling 9-41 et aeq 
prospecting in Korea 10-32 
Rand gold mines 10-149 
reciprocating steam engines 40-18 
refrigerating plants 14-69 et aeq 
repressuring oil wells 44-21 
resuing 10-246 
rock channeling 6-24 
roll crushing 28-13 
rope haulage 11-43 
rotary core drilling 9-33 
oil-well drills 9-22 
sand filling 10-424, 10-426 
Hodbarrow mine 10-427 
Matahambre 10-424 
scraping, N’Kana mine 10-419 
placer gravel 10-646 
shaft-sinking 7-23 et aeq 
in soft ground 8-04 
plant 7-04 
shaft tubbing 7-22 
Hherntt Gordon mine 10-144 
shoveling-in 10-643 
skips 12-115 
slim-hole drilling 9-23 
steam-elec plants 16-02 
steam hoists 12-49, 12-60 
steel headframes 12-76 
stoping 10-186 
storage batteries 42—86 
Stnpborer drill 9-08 
stripping placer gravel 10-595 
supplies, Goldfield 21—08 
test-pitting 10-33 
timber cruising 26-81 
timber preservative treatment 10-236 
tin mining, Nigeria 10-647, 10-576 
Swaziland 10-575 
tramming 11-45 

tramway equip and operation 26-32 et aeq 
transits 17-07 
trenching in limestone 6-28 
Tn-State dietr 10-139, 10-140 
trolley wiring 1 1-26 
tube-miling 38-12 
tunneling 6-05, 6-26 et seq 
turbine-generator sets 40-16 
underhand stoping 10-156 
ventilating currents 14-34 
doors 14-13 
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Cost, ventilating fans 14-43 
pipe 14-15 
wagon roads i7-68 
wash-boring 9-03 
outfit 9-02 

water-flooding of oil fields 44-28 
whim hoisting 12-58 
winze sinking 10-120, 10-121 
with Calyx drill 10-121, 10-123 
wire rope 12-22, 12-23 
wooden headframes 12-70 
Costeaning ditches 10-22 
Cost-keeping, nune 20-06 et aeq 
Cotton ropes for drives 41-09 
Coulombe 42-02 

Coulomb’s formula for bins 12-131 
Counter-balance for oil-well pumps 44-16 
Counter-chute coal mining 10-498 
Counter-current decantation 33-19 
Counterfort retaining wall 43-22 
Counterweight hoisting 12-02 
Counting assay 31-22 
cars in tramming 10-363 
County mme inspectors 23-68 
Couples, force 36-31 
Coupling, mine-car 11-08 
for track cable 26-17 
Courridres colhery explosion 28-42 
Covenants of a mining lease 22-09 
Cover, mine, depth of 13-03 
Covering of frame buildings 43-40 
Coyote blasts 5-18, 6-19 
United Verde 10-443 
Crab-type locos 11-39, 16-14 
Cradle, gold- washing 10-638 
Cramp chain gate 10-411 
Crane loads on trusses 43-02 
solution of forces in 36-40 
Crank and rod, motion of 36-01 
Crawler wagons for earth excavation 3-07 
Creek placers 10-534 
Creighton mine, chute-gate 10-411 
cost of exploration 10-38 
drift round 10-101 
drifting routine 10-106 
filled stopes 10-260 
open-cut 10-433 
raising routine 10-116 
shaft pocket 12-120 
shaft sinking 7-06 
shrinkage stopes 10-289 
Creosoted mine timber 10-236 
Creosoting of timber 43-33 
Cresson mine, leasing in 22-09 
shrinkage stopes lOf'286 
Crests, tramway, locating 26-11 
Crew, diamond-drilling 9-62 
Cribbed chutes 10-403, 10-404 
manway 10-279 
raise 14-20 

Cribbing of raises 10-116 
shafts 7-13 

Cribs, timbered 10-212, 10-223 
Cripple Creek, drifting practice 10-101 
gold deposits 2-26 
leasing at 22-09 
open overhand stopes 10-166 
storage-battery locos 11-39 
vegetation in 10-24 
Criterion for max moment 43-29 
Critical temp of drill steel 6-06 
voltage, electrolytic 42-34, 42-88 
Cross-bars for drill mounting 10-96 
Crosscut and boxhole system, Rand 10-146 


Crosscut 10-03 
sloping method 10-268 
tunnel, development by 10-83 
exploration by 10-76 
Crosscutting 10-92 et aeq 
and drifting data 10-96 
Crossheads for hoisting buckets 12-97 
for shaft-sinking 7-10 
Cross-over dump 11-30 
Cross-section leveling 17-87 
paper 17-10 
of raises 10-109, 10-110 
Cross-sections, equations of 36-20 
geological 19-06 
Croton iron mine, ore bin 12-130 
Crow Cr, Alaska, hydraulic mine 10-660 
Crowe de-aeration process 38-24 
Crown Mines car 11-10 
development 10-144, 10-413 
hoisting at 10-87 
hole directors 10-95 
Crowned pulley 41-07 
Crowning square-set floors 10-223 
Crucible assay 30-07 et aeq 
Cruising, timber 26-81 
Crushers, jaw va gyratory 28-06 
testing 31-10 

Crushing for amalgamation 33-02 
assay samples 30-02 
circuits, formulas 31-20 
of coal 35-07 
for cyanidation 83-10 
graded 28-13 
ore samples 26-08, 29-02 
plant, purpose of 28-02 
Cryolite, source of 2-26 
Crystal Falls iron distr, boring in 10-61 
Crystal Ridge coal stripping 10-467, 10-469 
Crystallography 1-02 et aeq 
Cuba, filled sloping 10-261 
Mayan iron mines 10-456 
Cuban iron ore 2-22 
prospecting 9-04 

Mining Co, dragline mining 10-466 
Cube-roots of numbers 46-26 et aeq 
Cubes of numbers 46-26 et aeq 
Cubic equations 86-07 
measure 46-47 
metric 46-48 
Culm for flushing 10-616 
Culmination of Polaris 17-26 
Culverts 43-26 
Cupels, preparation of 30-14 
Curing of concrete 43-11 
Current for d-c motor 42-11 
elec, units of 42-02 
for induction motors 42-19 
meter, hydraulic 38-32 
in synchronous motors 42-18 
Curtain chute-gate 10-411 
Curtains, ventilating 14-11 
Curvature function, gravimetric lO-A-08 
Curve Tjebistance of mine cars 11-27 
Curved pipes, loss of head in 88-12 
Curves, elev of rails on 11-18 
equations of 36-23 
gage of track on 11-17 
mine-track 11-17 
in open-pit iron mines 10-436 
railroad 17-61 
in sluices 10-563 
through tramway towers 26-12 
Cut in drifting rounds 10-94 
gears 41-03 



16 


INDEX 


CatHUid»fiU leveling 17*87 
stopes, ventilating 14-20 
sloping 10-237 et sea 
Cttt'holes, blasting 4-23 
Cutting channel samfdes 86*11 
Cutting-out stope 10-160 
Cuyuna Range, hydraulic stripping 10-468 
open-pit walls 10-627 
top-slicing 10-313 
truck haulage 10-436 
Cyanicides 83 * 06 , 83*09 
Cyanidation formulas 81*81 
tests 81^10 

Cyanide for assaying 30-08 
consump of 81*18 
poisoning 88*80 
process 88*08 et teq 
sands for stope filling 10-422 
Cyanogen, properties of 38*07 
Cycle, steam-engine 39*16 
Cyclone drill, data 6-10 
dust collector 86*28 
Cylinder, equations of 86-^6 
Cylinders, mensuration of 86*18 
Cylindrical bins 12-128, 12-136 
stresses in 12-135 
chutes 10-404 
shafts, lining 7-17 
Cylindrical-drum hoists 12-07 
calculating 12-30, 12-31 
Cylindro-conical hoisting drum 12-10 
calculating 12-38 
Cypress wood, properties 48*81 
Cyprus Mines, shaft concreting 7-20 


Dacite 2-06 

DaloaiCa drift mine, Mont 10-611 
Dalton colliery rope guides 12-83 
Dalton’s law of gases 39*86 
Daly Judge mine, hand stoping 10-126 
Dams 43*82 ct seq 
earth-fill 3-18 
hydraulic-fill 3-16 
hydrostatic press 88*06 
impounding, Malaya 10-622 
spillway 38*11 
underground 13-05 et seq 
Dan Cr, Alaska, hydraulic mine 10-560 
Danger signs 28*67 
D’Arcy’s formula for comp air 16*08 
d’Arsonval principle 42*07 
Davidson fan 14-40 
Davis*Daly shaft 7-03, 7-08 
cost 7-24 
sinking 7-06 
Davy safety lamp 88*28 
Dawson dist, dredging 10-594 
“ Day’s pay ” men 28*02 
D. C. ds £. mine. Mo 10-138 
Dead load in headframes 12-62 
on hating rope 12-22 
on truss 41^-26 

Dead wood Cr, Alaska, dragline placer mining 
10-649 

De-aerators for boiler water 40*81 
DeBeers diamond mines, practice 1 0-392 et seq 
Debris dams 10-552 
placer-miniz^ 88*14 
Decalescent point of steel 5-06 
Decantation, counter-current 88*19 
for testing ores 81*06 
Decay of mine timber 10-235, 48*88 
Dedmating ore samples 85*10 


Deck truss 48*88 
Declination lO-A-07 
magnetic 17*17 
solar 17 - 23 , 17*26 
Decomposition voltage 48 * 84 , 48*86 
Deductions in smelter settlements 38*18 
Dedusting of coal 36*87 
Deed to mimng property 86-06 
Deeds, interpreting 17-29 
Deep boring in rock 10-57 et seq 
mines, air conditioning 89*40 
development 10-86 
shafts, hoisting in 12-58 
signal systems 12-89 
Deep-digging dredges 10-688 
Deep-hole blasting 6-16 
hammer drilling 10-68 
Defects in lumber 48*31 
Definite integral 80-87 
Deflected boreholes 9-33 et seq 
Deflection angle 17*19 
for curves 17-62 
of cables 26*04 et seq 
traverse 18-08 
notes 18*28 

Deflectors, hydraulic-mining 10-654 
Dehydration of oil 44*26 
Deidesheimer square-set 10-197, 10-222 
Deister-Overstrom table 36*21 
DeKalb screen scale 31*03 
D, L & W drop-shaft 8-10 
Delay blasting caps 4-27 
Delayed drilling of oil wells 44*28 
filling, shrinkage stopes 10-277 
of stopes 10-237 
Delays in boring 10-37 
in diamond drilling 9-63 
in hoisting 12-46 
power-shovel 8-13 
in shaftHsinking 7-06 
Del Monte mining case 24*24 
Demolition tool 16*84 
Dempcey’s plunger feeder 27*86 
Denn shaft, Ariz, cost 7-32 
Density of air 14-25 
changes in airways 14-83 
of high explosives 4-07 
of rocks lO-A-30 
units, conversion 46*46 
Departure 17-20 
Depletion, estimating 211*26 
of mines’, law on 24*29 
Deposits, mineral 2-18 et seq 
Depreciation of breakers 84*14 
Depth, dredging 10-688 
of figure veins 10-14 
for foundations 43*08 
limits for open-pit mining 10-469 
of overburden, measuring by resistivity 
lO-A-14 

of shaft, measuring 18*81 
of wells, measuring 9-30 
Derivatives 80 * 86 , 80 * 87 , 

Derrick, oil-well rig 9-10 
for shaft-sinking 7-04 
for wash-boring 9-02 
Derricks, diamond-drill 9-50 
loading by 5-22 
at open-cut mines 10-438 
in placer mining 10-544 
for rotary drilling 9-17 et seq 
Description of claim 84*09 
Design of cantilever wall 48*88 
of cool breakers 80-86 
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Design of ooal>cleaning plant 85-13 
of dams 43-23 
of elec power station 42-24 
of hoisting cages 12-99 et aeq 
of hoisting rope 12-26 
of retaining wall 43-20 
of skips 12-109 
of structures 43-02 et aeq 
of timber headframes 12-68 
of welded connections 43—50 
Despritz hoisting system 12-07 
Detachable drill bits 6-07 

in placer prospecting 9- 41 
Detaching hooks 12-116 
Detection of subsidence 10-627 
Detectors, firedamp 23-28 
Determinative tables for minerals 1-14 et aeq 
Detonating air-gas mixtures 39—33 
fuses 4-28 

Detonation-'Wave 23-44 
Detonators, tunnehug 6-13 
Detroit Copper Co, block-caving 10-345 
top-shcing 10-302, 10-314 
Detroit Rock Salt Co, chamber mining 10-149 
Devaporized comp air, ventilating with 14-63 
Development of coal mines 10-472 
of drift mines 10-606 
headframe for 12-69 
lateral, of mines 10-90 
lateral, Rand 10-144 
methods, factors influencing 10-85 
of mines 10-81 et aeq 
schedule, Miami mine 10-352 
Devereauz agitator 33-17 
Deviation of boreholes 9-63 
of hammer-drill holes 10-70 
Dewatering cyanide feed 33-15 
at Flin Flon 10-463 
screens 86-24 
washed coal 36-28 
Diagram factor of engines 39-15 
for stadia readings 17-44 
Diam of hoisting drum 12-08 
of hoisting sheaves 12-18 
of a particle 31-07 
of pipe 41-18 
of trees 25-32 

Diametral pitch of gears 41-08 
Diamond drill 9-44 et aeq 
bits, setting 10-67 
for blasting 10-190 
samples 10-39 
Diamond drilling 9-60 et aeg 
Goldfield 21-06 
New Cornelia mine 10-68 
organisation 10-38 
underground 10-36, 10-65 et aeq 
mines, DeBeers, 10-392 
mining in open-cut 10-433 
setting in bits 9-64 
track switch 11-22 
Diamonds, Arkansas 10-09 
lost in drill holes 9-61 
occurrence of 2-32 
selection of, for drilling 9-64 
Diatomaceous earth 2-28 
Diatomite, tests for 1-50 
Diatoms as rock-builders 2-09 
Dielectric properties of rooks lO-A-39 
Diesel cycle 39-18 

indicator card 4(^-89 
engine compressor drive 16-15 
engines for draglines 10-455 
engines for mines 15-08 


Diesel power for rotary driHs 9-16 
Diet, balanced, for prospectors 10-78 
Differential flotation tests 31-14 
haulage system 10-436 
Diffused iUumination 42-32 
Diffusion of gases 23-07 
Digging, classifiication of 10-466 
ladder on dredges 10-681 
procedure on dredges 10-584 
Dike 2-09 

Dikes as orebodies 10-09 
Dilution of cyanide pnlp 33-18 
of sewage 22-30 
Dimension stone, quarrying 5-23 
Diorite-porphyry 2-06 
Dip of beds, computing 9-68 
needle lO-A-07 
of strata 2-13 
calculating 86-26 
of vein, measuring 10-28 
Dip-fault 2-16 
Dipper dredge 3-17 
shovel, speed of 3-08 

Dipping deposits, breast stoping 10-141 et wtq 
Direct-acting hoists 12-17 
speed of 12-46 
steam hoists 12-51 
Direct current 42-02 
Direct-current generators 42-08 el aeq 
motors 42-10 et aeq 
cost 16—30 

for hoisting 12-32, 12-45, 16-08 
Directional drilling 9-33 
Disability, compensation for 22-13 
Disastrous colliery explosions 23-48 
Discharge ooeff of air 39-07 
of water 38—07 
of gravity stamps 28—14 
head on pump 40-28 
through nozzles 10-654 
terminals, tramway 26—80 
of water, measuring 38-29 et aeq 
over weirs 38-10 
Discharging cyanide tanks 33-17 
Disconformity in rocks 2-16 
Discovery shaft, Calif 24-15 

as source of title 24-06, 24-13, 24-18 
Diseases in mining practice 22-33 
occupational 22-11 
Disinfectants in mine recovery 23-60 
for water 22-29 
Disintegration of concrete 43-11 
Disk clutch for hoista 12-16 
feeder for coal 85-04 
ventilating fan 14-41 
Dislocations, treating 23-64 
Displacement comp-air meter 15-49 
ship 46-52 
ventilators 14-43 
Disseminated copper ores 2-22 
Distances, by stadia 17-42 
Distilled water for drinking 22-30 
Distributing electricity 42-29 et aeq 
Distributor on dredge 10-586 
Disturbances of orebodies 10-06 
of rocks 2-11 

Ditches, design of 38-24 et aeq 

Ditching in earth 3-15 

Dives Pelican mine, chute-gate 10-407 

Dividends, present value of 45-65 et aeg 

Divining rod 10-24 

Division, algebraic 36-03 

Dixon conveyer 27-29 

D. O. Clark coal mine 10-496 
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Dodge coal-storage system S4-S9 
Dome, petroliferous 44*02 
rock 2-12 

Domed stopes 10-204 
Doming in subsidence 10-523, 10-526 
Door, ventilation 14-10, 14-11 
Doors for buildings 48*41 
leakage through 14-16 
at top of shaft 7-05 
Dorr agitator 33*17 
classifier 33*13 
thickener 38*16, 33*16 
traction thickener 36*26 
Dorrco filter 33*21, 36*27 
Double extra strong pipe, listed 41*16 
meridian distance 17-20 
rodded lines 17-36 
Double-hand drilling 5-07 
in stopes 10-125 

Double-roll crusher for coal 36*08 
Double-truck mine cars 11-10 
Dowels 43*36 

Draeger oxygen apparatus 23*66 
Draft, boiler 40*14 
formulas for 39-09 
gage in ventilation 14-24 
natural 14-34 
Drafting instruments 17*09 
Drag in faults 2-13 

Dragline for coal stripping 10-465, 10-468 
design for placer mining 10-549 
dredging 10-600 ei seq 
excavators for dredging 10-601 
excavators in open-pits 10-454 
for placer mining 10-547 
scraper 3-10, 3-15, 3-16 
Drainage conveyers 36-23 
ditch in tunnel 6-18 
launder for sand filling 10-423 
levels 13-04 

Malayan tin mines 10-622 
of mines 10-89, 13-02 et eeq 
of open-pit iron mines 10-437 
of placer pits 10-542 
of steam lines 4(h-22 
tunnels 10-84, 13-10 
Draining sand in stopes 10-423 
Draw in subsidence 10-522, 10-532 
Draw-bar, mine car 11-08 
Drawbar pull of elec locos 16-13 
Draw-cut in raises 10-115 
tunneling 6-08 

Drawing ore, block-caving 10-341 
Humboldt mine 10-386 
Miami mine 10-353, 10-382 
in shrinkage stopes 10-275 
papers 17-10 
Dredge, resoiling 10-599 
sectionalized 10-598, 10-599 
Dredges, chain-bucket 10-577 et seq 
deep-digging 10-688 
Dredging depth 26*18 
dragline 10-600 et seq 
economic factors 10-677 
excavation by 3-17 
ground, thawing 10-617 
operating factors 10-687 
tin, Malaya 10-625 et seq 
Dressing amalgamating plates 83*03 
Drift 10-03 
bolts 43*86 

mines, thawing in 10-616 
mining 10-606 et seq 
sets 10-182 


Drift sets, Ray mine 10-378 
in square-set stopes 10-220 
top-slicing 10-299 
timbering 10-107 
Drifter drill 10-94, 16*31 et seq 
in headings 10-101 
in tunnels 6-06 
Drifting 10-92 et seq 

and crosscutting data 10-96 
powder consumption 10-93 
routine of work 10-106 
Drifts, blasting in 4-23 
boundary-caving 10-362 
exploration by 10-76 
hand drilling in 10-93 
timbered 10-92 
untimbered 10-92 
Drift-slicing 10-299 
Mesabi 10-306 
Drift-stope 10-160 

amygdaloid mine 10-172 
Drill bits 6-03 et seq 

(boringl manufacturers 9-69 
carriage 6-18 

holes in stopes 10-124, 10-127 
mountings 6-08 

in headings 10-95, 10-96 
pipe, oil-well 9-27 
rounds in headings 10-96 
sampling 26*10 
sharpeners 16*39 
steel 5—03 et seq, 16*32 
tunneling 6-08 
trucks 5-08 

Drill-hole samples, calculating 10-71 et seq, 
26*19 

Drilling, cable-tool 9-11 
in coal mines 10-511 
controlled directional 9-33 
exploratory, underground 10-35 
by hand 6-07 
in shafts 7-06 et seq 
speed in rocks 5-02 
in stopes, terms defined 10-124 
in tunnels 6-08 et seq 
Drills, choice of, for drifting 10-101 
coal, makers 16—31 
in headings 10-96 
machine, in mines 10-94 
in raises 10-109, 10-110 
rock 16-29 et seq 
in stopes 10-128 
tunneling 6-04, 6-06, 6-11 
Drinking water in mines 23*22 
Drives for anthracite breakers 34*26 
for bucket-ladder dredge 10-682 
for compressors 16—02 
for elec hoists 16*08 
for mine fans 14—42 
Drivepipes 9-02, 10-24 
oil-well 9-26 

Drive-pipe sampling of gravel 10-67 
Driving pipe, oil-well 9-11 
shoe 9-28 

Drop in gravity stamps 28*14 
Drop-bottom cages 12-100, 12-104 
Drop-shafts 8-06 
forced 8-16 

Drum, hoisting, construction of 12-12 
hoists, comp-air 16*41 
Drumlummon mining case 24*23 
Drums of belt-bucket elevators 27*88, 27*84 
hoisting 12-07 et seq 
Dry blowing, prospecting by 10--32 
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Dry cleaning of coal 86-21 et seq 
elec batteries 42-37 
gold-flilver ores 2-24 
measure 45-47 
placers 10-535 

preparation of anthracite 84-06 
rot of timber 43-88 
saturated steam 39-26 et aeq 
tables, coal-cleaning 34-19 
washing of placer gravel 10-539 
Dry-bone 2-23 
Dry-closet, construction 22-80 
Drying coal 30-28 
mine air 14-58 
mine clothes 22-21 
samples 29-07 

Dry-wall stoping methods 10-262 ^ 

Duckbill conveyers 27-12 
Ducktown copper deposit 2-23 
enriched zone 10-20 
shaft-sinking 7-05 
“Due-bUr» 22-10 
Dulong, Malayan 10-620 
Dulong and Petit formula for specific heat 
89-21 

Duluth mine, combined method 10-386 
Dumortierite, origin of 10-21 
Dumping, aerial 26-43 

of hoisting buckets 12-94 et seq 
skips 12-112 

Dumproom for hydraulic mining 10-562 
Dumps for mine cars 11-30 
sampling 26-10 
swell of 26-21 
Dumpy-level 17-08 
Duobel explosive 4-09 
Duplex hoists, air consump 12-54 
pot-valve pumps 40-33 
DuPont coal-cleaning method 34-13 
Extra explosive 4-08, 4-10 
Durand’s rule for areas 36-13 
Dust, coal, collecting 36-27, 36-28 
masks 23-37 
Dust-diseases 23-18 
Dutoitspan diamond mine 10-392 
Duty of gravity stamps 28—14 
of horse-drawn plows 3-05 
of labor, see Labor duty 
of mine fans 14-46 et aeq 
of power shovels 3-13 
of water 10-641, 10-666 et aeq 
Alaska 10-673 
in stripping 10-594 
Dwellings, miners’ 22-22 
Dynamic braking on hoists 12-42 
head on pump 40-28 
Dynamite, burning, fumes from 4-04 
equivalent strengths 6-17 
explosion reactions 4-02 
firing methods compared 6-21 
fumes, physiological effect 23-18 
gaseous products of 23-08 
magazines 4-13 et seq 
straight 4-06, 4-10 
Dynamometer, elec 42-07 
in oil-well pumping 44-18 


Eagle Mining Co, gasolene loco 11-37 
Eagle Picher Lead Co, deep-hole hammer 
drilling 10-71 
Earth augers 9-03 
composition of 1-02 
dams 43-22 


Earth excavation 3-02 et aeq 
pressure 48-19 
shrinkage of 3-05 
Earth-fill dams, compacting 3-18 
Earth-work, blasting for 4-26 
East Geduld conveyer 10-417 
cyanide plant 88-29 
Eastman hydraulic bridger 9-34 
whipstock 9-33 

East Mindanao cyanide plant 83-26, 88-80 
East Rand Prop mine, refrigerating 14-61 
sand filling 10-422 
Eccentric loading of columns 48-06 
telescopes on transits 18-12 
Economic factors of coal mining 10-473 
Economics of sorting 28-18 
Economizers, boiler 40-13 
Eddy currents, elec 42-03 
Edison storage battery 42-86 
Edith shaft, Ariz, cost 7-30 
Edwards zinc mine, diamond drilling 10-68 
open overhand stoping 10-169 
winzes 10-119 

Effective resist of alt current 42-03 
value of alt current 42-13 
Efflc of air distrib in mines 14-16 
of air-hft pump 16-44 
of a-c generators 42-16 
of boilers 39-37, 40-16 
of combustion 89-34 
of d-c motors 42-12 
elec converters 16—08 
engineering 20-11 
of hoists 12-32 
of hydraulic elevators 10-673 
of induction motors 42-19 
of internal-comb engines 39-18 
mechamcal, of engines 89—16 
of mine fans 14-46, 14-63 
mine poi^er plants 16-03 
of mining 20-02 
of pumps 40-28, 40-31 
of stoping, Rand 10-147 
of synchronous converter 42-22 
thermal, of engine 89-06, 89-17 
of transformer 42—28 
of water wheels 40-26 
Eiderlinsky mmes, hand stoping 10-127 
Eimce-Finlay loader 27-28 
in drift mine 10-610 
Eisenerz open-cut mine 10-431 
Elastic limit 43-02 
Elbows, resistance to flow 89-09 
Eldorado Bar hydraulic mine 10-658 
Electric blasting caps 4-26 
blasting in shafts 7-06 
in tunnels 6-14 
wiring for 4—20 

brake for measuring power 40-46 
circuit 42—04 
distribution 42-29 et aeq 
dragline dredge 10-604 
drive for compressors 16-16 
firing in coal mines 23—36 
haulage, open-pit iron mines 10-436 
hoists 12-42 et acq 
lamps, miners’ 23-27 
lighting of mines 16-20, 28-27 
measuring instruments 42-06 et aeq 
mine equipment, makers 16-31 
mine loco 16—11 et aeq 
power plants 42-24 
power, purchased 16-08 
for rotary drills 9-17 
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Blectric pumps 16-19 

shock, treatment for 23-64 
signal systems 12-86 et sea 
transmission 4Sh-t6 et aeq 
transmission lines 16-04 
Blectrical coring of wells 9-66 

geophysical methods lO-A-10 ei seq 
ground resistivity lO-A-12 
prospecting methods lO-A-10 et aeg 
units 42<-0S 

well logging 9-66, 10-A— 19 
Electricity, mine accidents from 23-36, 23-40 
principle 42-04 

Electrochemical equivalent 42-34, 42-36 
Electrochemistry 42-84 
Electrode for starting pump 13- IC 
Electrolysis in mines 16-08 
Electromagnetic units, conversion factors 
10 — A— 41 

Electromotive force, generating 42-G6 
Electroscope, testing by 10-24 
Electrostatic voltmeter 42-07 
Elements, chemical 37—02 

magnetic ausceptibihty lO-A-33 
Elevations, computing from photos 17-49 
Elevators for anthracite 34^4 
chain-bucket 27-32 
dewatering 36-24 
hydraulic 10-672 ei seg 
Malaya 10-625 

mechanical, in placer mining 10-576 
motor-driven 16-11 
Elkoro mines, winzes 10-120 
Elliott rotary core drill 9-33 
Ellipse, equations of 86-21 
geometry of 86-10 
mensuration of 36-12 
moment of inertia 36-48 
Ellipsoid, mensuration of 36-16 
Elliptical shafts 7-02 
Elm Orlu mine, hoist layout 12-41 
Elm wood, properties 48—31 
Elongation of Polaris lT-26 
£1 Potosi mine, contract mining 22-06 
diamond drilling 9-54, 9-60, 10-66 
open stoping 10-168 
scraping 10-420 

Eisner’s cyanidation equations 38-07 
Ei Tigre mine, hand stoping 10-126 
Elutriation testing 31-04 
Eluvial placers 10-17 
Ely, Minn, track layout 11-24 
Ely, Nev, churn-drill samphng 10-47 
Embankments, shrinkage in 3-05 
Emery 2-28 

occurrence of 10-21 

Emma Nevada shaft, automatic hoist 12-45 
Empire hydraulic drill 9-06 
mine, gravity plane 10-414 
prospecting drill 9-06 
Zinc Co, deep-hole hammer drilling 10-70 
Employees in anthracite breakers 84-27 
unfair labor practices by 22-16 
Employer reserve account 22-06 
Employers’ liability laws 22-11 
Employment at Trail, B C 22-17 
Emsco combination rig 9-13 
Emulsification of oil 44-24 
End lines of claims 24-06, 24-22, 24-29 
reactions of beams 43-03 
Endless-rope haulage 11-43,16-11 
Energy of blasting explosives 6-16 
defined 36-58 
elec, units of 42-02 


England, coal mining 10-496 10-604 
Engine horsepower 39-04 
plane 11-42 

steam, for hoisting 12-46 
Engines for pumping oil wells 44-16 
thermodynamics of 89-16 et seq 

Englebach sample grinder 29-07 
Enrichment, sulphide 10-19 
Entropy 39-37 

Entries, coal mine 10-472, 10-474 
Entry borer, McKinlay 9-08 
Entry, mode of, in mines 10-83 
Eolian placers 10-17 
£6tv6s torsion balance lO-A-03 
Equalizing hoisting effort 12-12 
Equation of continuity 38-08 
Equilateral triangle traverse 17-28 
Equilibrium, conditions of 36-36 et seg 
Equipment for elec power station 42-24 
prospecting 10-77 
valuation of 25-06 
Equivalent orifice 14-32 
resistance of airways 14-48 
weight 42-34 
Erosion 2-16 

effect on ore enrichment 10-19 
Erratic values in sampling 2^18 
Errors in churn-drill samples 10-46 
of closure in survey 17-21 
in diamond-drill samples 10-40 
in leveling 17-36 
in surveys 17-18 
taping 17-17 

in transit adjustments 17—07 
in watt-hr meters 42-32 
Erzberg open-cut mine 10-431 
Escrow agreement 26-07 
Esperanza classifier 83-16 
mine, hand drifting 10-93 
Estate, mining, tax on 24-31 
Estimating prospective ore 26-22 
tonnage from boreholes 10-71 
Ethane m mine air 23-06 
Ethylene glycol in explosives 4-06 
Eureka-Asteroid mine, machine loading 10-104 
sub-level caving 10-331 
Eureka Coal Co, mechanization 27-24 
Eureka mine change house 22-22 
Eureka Standard mine headframe 12-66, 
12-67 

storage-battery loco 11-39 
Evaporation, latent heat of 39-26 
mineral deposits 10-16 
from reservoirs 38-83 
Evaporators for boiler water 40-21 
£va86 discharge of fans 14-46 
Examination of mines 26-02 et seg 
conduct of 26-28 
outfit for 26-28 
time for 26-29 
Excavating cableways 26-49 
in drop-shafts 8-06 
Excavation of earth 3-02 et seg 
Excavators, boom 3-08 
in placer mining 10-649 
Excitation of a-c generator 42-17 
Excreta, disposal of 22-80 
Exhalations, effect on mine air 23-08 
Exhaust ventilating fan 14-14 
ventilation 6-21, 14-04 
Expansion in airways 14-29, 14-30 
coeff of 89-22 

of comp air in motor cylinder 12-53 
curve, simple engine 89-15 
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Expansion joints in ocmereto 4S->11 
in pipes 38-82 
in steam lines 48-88 
of loosened earth 3-03 
loss of head by 88-18 
work of 89-OS 

Expectancy in block-caving 10-340 
Exploitation 10-03 

concession, Mexican 24-89 
of mines 10-123 et seq 
Exploration 10-03 
cost of 10-06 

geological data for 10-06 et seq 
of mineral deposits 10-76 
purpose of 10-77 
size of drifts for 10-92 
Exploratory hammer drilling 10-68 
Explosibility of coal dust 88-44 
Explosion experiments 28-44 et seq 
Explosion-proof motors 16-26 et aeq 
Explosions, coUiery 28-48 et seq 
in compressors, etc 16-88 
investigation of 83-61 

Explosive consump in raises and winzes 10-119 
shaft-sinking 7-09 
mixture of acetylene 23-06 
of methane 23-06 
in raises 10-110 
ratio of coal dust 23-46 
in tunnels 6-05, 6-13 
wt per ft of hole 6-13 
Explosives, accidents with 23-88, 28-40 
care of, in storage 4-16 
chemistry of 4-02 
in coal mines 10-611, 10-612 
consumption, top-slicing 10-316 
damaged, disposal of 4-18 
ditching by 3-16 
energy of 6-16 
handling 4-17 
in headings 10-96 
ingredients of 4-02 
for shaft-sinking 7-09 
for stoping 10-129 
storage of 4-12 et aeq 
storing underground Si3— 80 
substitutes for, in coal mine» 28»38 
transport of 4-10 
Expropriation in Mexico 24-89 
Extraction, block-caving 10-340 
Miami mine 10-382 
mill 31-19 

sub-level caving 10-329 
tin in Malaya 10-622 
top-slicing 10-302 

Extralateral rights 24-07, 24-20 et aeq 
conflicting 24-28 
waiving 24-26 et aeq 
Extra strong pipe, listed 41-16 


Face-boss, duties of 88-66 
Face conveyers 87-13 
Factoring, algebraic 86-08 
Fair Labor Standards Act 82-08 
Fairbanks, buried placers 10-636 
dredging 10^692 
drift mining 10-612 
gold panning 10-533 
sluice box 10- 661 
Falls of rock in metal mines 88-40 
of roof, accidents from 88-81, 88-84 
in shaft, fatalities 88-86 
Falls Cr. Alaska, hvdraulie mine 13-559 


False bedrock 10^634 
Fan calculations 1 4 -48 
drive 14-42 

performance 14-44, 14-60 
press at mines 14-03 
signal systems 16-21 
Fan-pipe ventilation 14-14, 14-58 
Fans, auxiliary 28-44 
for boiler draft 40*14 
classification of 14-39 
elec-driven 16—81 
selection of 14-50 
ventilating, development 14-39 
leakage in 14-16 
location of 14r-08 
Farad 48-02 

Faraday’s laws of electrolysis 43-84 
Fastenings for ropes 12-28 
for timber 48-86, 48-89 
Fatalities in metal mining 10-430 
Fathom 10-147 
Fatigue 43-08 

Faught self-oiling wheel 11-11 
Faults, effect on ore enrichment 10-19 
examination of 19-07 
rock 2-13 et seq 
solving of 2-14 
Fault-scarp 2-14 
Faure storage battery 48-88 
Fayal mine, Minn, underground glory-hole 
10-157 

Fayol on subsidence 10-520 et aeq, 10^629, 
10-630 

Federal mine-rescue facilities 88-68 

Min & Sm Co, deep-hole hammer drdling 
10-71 

old-age benefits 88-14 
regulations on ventilation 88-19 
safety investigations 88-68 
unemployment comp law 88-04 
Feed, automatic, on drifters 10-101 
of hammer drills 18-88 
Feeder, elec, calculating 48—80 
Feeders in anthracite breakers 84-88 
for coal preparation 38-03 
for conveyers 27-84 
Feeding of animals 11-33 
of cone crusher 28-10 
of crushing rolls 28-18 
of gravity stamps 88-18 
of gyratory crushers 88-08 
of jaw crushers 88-04 
Feeds, diamond-drill 9-48 
Feed-water heaters 40-19 
regulator 48-15 
Feldspar, prices of 88-17 
Felsitic texture in rocks 2-03 
Fencing of pillars 10-249 
Fenzy oxygen apparatus 23-86 
Festiniog slate quarries 10-177 
Field notes, U S lands 17-88 
Fierro, N M, open underhand stoping 10-155 
Fighting colliery fires 88-81 
Filing of mine maps 19-08 
Filled ground, leakage of air in 14-16 
slope, raising through 10-118 
slopes 10-237 et aeq 
square-eetted 10-226 
Filling against subsidence 10-529 
Champion mine 10-254 
Frood mine 10-204 
Matahambre mine 10-252 
of mines 10-123 
of sauare-set stoom 10-212. 
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Fining 8Quare-eets« Goldfield 
stope, source of 10-237 
strength of 10-631 
Filtering cyanide sols 38~S0 
of water 22-89 
Filters for coal sludge 86-27 
oomp-air 16-26 
for gas producer 4(M13 
Fineness for cyamding ores 88-11 
of placer gold 10-636 
Finger chutes 10-411 
Fink truss, analysis of 43-88 
Fire bucket 88-68 
extinguishers 23-68 
protection in square-set stopes 10-223 
warning, method of 16-64 
Fire-boss, duty of 88-66 
Fireclay, occurrence of 2-28 
Fire-dam, pneumatic 23-58 
Firedamp, accidents from 23-84 
composition 23-06 
detectors 23-28 
explosions, preventing 23-44 
testing for 23-26 
Fire-doors in mines 14-12, 23-61 
Fire-fighting equipment 28-60 
orgamzation 28-61 
Fireproofing of air intakes 14-09 
of mine structures 23-60 
of wood 48-88 
Fires in mines 23-48 et seg 
mine, gases from 23-11 
accidents from 23-36 
extinguishing by sand filling 10-427 
Fire-tube boilers 4<^10 
Firewalls, blasting 23-62 
Firing order, tunnel blasting 6-14 
rates of boilers 40-12 
First-aid kits 23-68 
organization 23-62 
Firthite for boring bit 10-68 
Fishing, diamond-drill 9-61 
tools, cable- tool 9-12 
Fish-plate joint in timber 48-88 
rail 11-16 

Fishtail oU-weU bit 0-21 
Fissure veins 10-12 
examples 10-16 
of gold 2-26 
of silver 2-26 
Fissures, parallel 10-13 
Fitchering of driU bits 5-02 5-10 
Fittings, pipe 41-16, 41-17, 41-18 
steam, friction in 40-21 
Fixed-type coal cleaner 84-28 
Fixtures, elec-lighting 42-88 
Flame, blowpipe 1-07 
coloration 1-08 
Flash lights in mines 23-87 
point 41-12 
of lub oil 16-26 

Flab>back filled stopes 10-238 et seq 
overhand stope 10-198 
stope 10-127, 10-160 
Flat-bottom bins 12-126 
Flat coal, disposal of 84-10 
coal seams, mining 10-474 
coal workings, ventilating 14-18 
concrete dam, underground 13-07 
River, Mo, diamond-drilling 10-64 
ropes 12-21 

hoisting with 12-11 
Flattened-strand ropes 12-21 
Fleet angle of hoisting rope 12-10 


Fleuss oxygen apparatus 28-66 
Flexible wire ropes 12-21 
Flexure of beams 43-06 
Flight conveyers, coal preparation 86-10 
for dewatering 86-28 

Flin Flon, Mamt, activated sludge plant 22-83 
mine, bunk house 22-28 
scraping 10-419 
sub-level sloping 10-191 
turbo blower 16-22 
open-cut mine 10-463 
Flirting square-set posts 10-223 
Float ore 10-06 
tracing 10-21 

Float-and-sink test for coal 86-12 
Floats for stream measurements 88-31 
Flood lighting in mines 23-27 
Flooding mine fires 23-62 
Floor boards, sub-level caving 10-328 
coal mine 10-473 
loads 43-27 

Flooring of buildings 48-41 
Floors in square-sets 10-211 
top-slicing 10-300 
Florida phosphate mining 10-459 
phosphate testing 10-65 
Flotation of coal 36—30 
testing 31-12 et aeq 
Flour for assaying 30-06 
Flouring of mercury 33-03 
Flow of air in mines 14-08 
circuits, natural-draft 14-36 
of gases and vapors 39-06 et aeq 
of rock 10-621, 10-633 
treaters for oil 44-24 
of water in channels 38-17 
in pipes 38-12 et aeq 
under press 38—09 
Flowing press of oil wells 44-03 
Flowsheets of sampling mills 29—14 et aeq 
Flue gas, capac of chimneys for 39-09 
Fluid-packed pumps, oil well 44-16 
Flume dredge 10-577 
Flumes, design of 38-27 
Flume-type dredge, Victoria 10-698 
Fluorescence of minerals 10-26 
Fluorspar in assay charges 80-09 
mining methods 10-280 
sale of 82-17 

Flushing in coal mines 10-516, 34-4)6 
cost of 21-37 

Flux for cyanide bullion 88-26 
stone, quarrying 6-25 
Fluxes in smelting ores 38-06 
Flywheel for elec hoisting 16-08 
Fold, rock 2-1 1 
Folded vernier 17-04 
Folios, U S Geol Surv 26-04 
Folsom dist. Cal, dredging 10-688 
Food for prospectors 10-31, 10-78 
Foot-candle 42-88 
Foote’s weir gage 88-82 
Footwall 10-03 
shafts 10-83 
Force 86-29 

of explosives 6-17 
polygon in truss analysis 43-88 
Forced drop-shafts 8-16 
Foreign money, U S value of 45-68 
Forepoling in tunnels 6-25 
Forest Service ration 10-80 
Forfeiture to claim co-owners 24-16 
of mining claim 24-19 
of mining lease 82-09 
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Form for report writing 26-80 
for sampling record 29—10 
for survey computations 18-23 
Formation, effect on fissures 10-13 
press, oil-well 9-19 
rock, defined 2-11 
testing in wells 9-31 
Forms for borehole records 10-47 et aeq 
for concrete work 43—12 
for shaft concreting 7-20 
for smelter settlements 32-05 
Formula, calculating from analysis 37-03 
Formulas, hoistmg-load 12-30, 12-85 
steam hoists 12-47 
trigonometric 36—17 
Fort Worth Spudder 9-15 
Foundation, batter-boards for 17—34 
for dams 43-24 
Foundations 43-07 et aeq 
Four-cycle engine cards 40-39 
Fractional-shovel sampling 29-08 
Fractions, decimal equivalents 46-26, 46—44 
of inch in millimeters 46-48 
products of 46—46 
Fractures, bone, treating 23-64 
effect on subsidence 10-525 
Fragments, mineral, exam of 1-10 
Frame buildings 43-40 
Frames of bucket elevators 27-33 
Framing shaft sets 7-14 
square-sets 10-213, 10-225 
France, coal-mine fatalities 23-32, 23-34 
gassy mine regulation 23-20 
Francis water-wheel runner 40-26 
Francois shaft-sinking method 8-23 
Frank, Alberta, landslide 10-527, 10-531 
Franklin mine, drift round 10-101 
hand sloping 10-126 
method 10-389 
raise round 10-113 
shaft pocket 12-121 
Frasch sulphur process 10-401 
Free face in blasting 5-11 
Freeport Sulphur Co, method 10-401 
Freezing in comp air 16-27 
in cupels 30-14 

method of shaft-sinking 8-20 et aeq 
mixtures 37-08 
of pipe lines 38-24 
Freight on ores 32-05 
Freon refrigerating plant 14-61 
Frequency of alt current 42-13 
of a-c generators 42-16 
of induction motors 42-19 
meter 42-08 

Fresnillo, cost of mine track 11-26 
glory-holing 10-462 
open-cut mine 10-432 
surveying glory-holes 18-26 
winzes 10-120 
Fresno scraper 3-08, 3-13 
Frick C & C Co coal bins 12-129 
Friction, air, coeff of 7-03 
of air flow m mines 14-25 
angle in bins 12-133 
belt 41-04 
of car wheels 11-28 
circle 36-41 
clutch for hoists 12-15 
coeff of 36—42 

in comp-air pipes 16-07 et seq 
on drop-shafts 8-06 ^ 

head in pipes 88-11, 38-12 
in hoisting ropes 12-24 


Friction losses on tramways 26«a4 
mechanics of 86-40 et aeq 
m mine airways 14-26 et aeq 
m pipes 38-11 
rolling, of cars 12-32 
in steam hoists 12-46 
of steam in pipes 40-21 
tests on lubricants 41-12 
of water in pipes 13-08 
Frisco mine, Mez, drift round 10-100 
Frood mine, erecting square-sets 10-226 
fire protection 10-223 
raising practice 10-116 
recovering timber 10-224 
sill timbering 10-220 
square-setting 10-200 
steel drift sets 10-108 
stope filling 10-238 
ventilation of raises 10-116 
Frozen coal, thawing 34-28 
gravel, blasting 10-613 
characteristics 10-615 
thawing 10-614 et aeq 
muck, stripping 10-594 
placer gravels 10-637 
Frustums, mensuration of 86—14 
Fuel for assay furnace 30-08 
for boring 10-37 
combustion, data on 37-08 
consump of steam locos 11-36 
costs compared 40-02 
heating value of 39-30 
prices, competitive 40-63 
Fuels for boilers 40-10 et aeq 
for gas producers 40-42 
liquid, heat capac of 39-19 
Fulminate blasting caps 4-26 
Fumes from blasting gelatin 4-04 
Functions of angles 36-16 
Funnel system of timbering 27-18 
Furnace, assay 30-63 
driU-sharpemng 16-39 
walls 4(^13 
Fuse, blasting 4-12 

for blasting in shafts 7-10 
burning rate of 5-20 
firing of blasts 4-22 
Igniters 4-27 ^ 
safety 4-28 

Fusibility of minerals 1-07 
Fusion of crucible assay 80-67 
temperatures 39-26 
Futer’s safety stop 12-118 
Fuzes, blasting 4-26 


Gabbro 2-06 

Gable-bottom mine car 11-09, 11-H 
Gadder 6-08, 6-24 
Gads, breaking ore with 10-146 
Gage line for riveting 43-47 
Gage of rock bits 6-09 
of track 1 1-17 
Gaming in timber work 48—88 
Gal lO-A-03 

Galena ore deposits 2-23, 2-24 
under metamorphism 10-21 
Gallia mine. Ruble elevator 10-676 
Gallons, compared 46-47, 46-61 
Gallup American Coal Co, concreting shaft 
7-19 

Galmei 2-23 

Galvanometer for blasting circuits 1-21, 4-30 
Gamma lO-A-07 
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Gangue miMrals 2-19, 1(M>9 
Gangway, coal mine 10-472, 10-480 
seta, steel 10-619 
timbering 10-263 
Gangways, dry-wall 10-263 
Gantries on dredges 10-681 
Garbage, handling of 82-30 
Gardner-Denver loader 2T-88 
Garnet, occurrence of 2~28, 10-21 
Gas analysis for mines 88-89 
anchors in oil wells 44-14 
as boiler fuel 40-11 
compression of 44-04 
engines at oil wells 44-16 
explosions, fatalities from 88—84 
fuels, typical analyses 40-11 
indicators in rescue work 89-08 
injecting into oil structures 44-00 
lease, Alberta 5 Mf-88 
maslu 88-06 
measuring 40-40 
inoU 44-08 

effect on temp 10~A-28 
in oil wells 9-19 
press, natural 44-08 
prices of 81^84 
producers 40-48 
for repressuring oil wells 44-80 
Gas-air engines 40-40 

mixtures, detonating 89-88 
beat capac of 89-19 
Gas-analysis apparatus 88-89 
Gas-lift in oil wells 44-00 e( seq 
hydraulic pump 44-00 
Gas-locking of oil-well pumps 44^17 
Gas-oil ratio in wells 44-04 
Gaseous coal mine, ventilaticm 14r-06 
mixtures, weight of 14-26 
Gases from coal-mine explosions 88-46 
from coke ovens 80-84 
diffusion of 88-07 
emanating from strata 23-00 «t seg 
from explosives 4-03 
flow of 89-08 et seq 
in mine air 14-02 
specific heats of 39-21 
thermodynamics of 39-28 
viscosity of 40-21 
weight of 89-28 
Gash veins 2-24 

Gaskets for column pipes 13-09 
Gasolene assay furnace 80-08 
hoisting engines 12-66 
locos 11-37 

shovels in open-pits 10-464 
Gassy mine 28-20 
Gate feeder for coal 80-08 
Gates for chutes 10-403 e( seg 
for dams 43-26 
as feeders 27-80 
hydrostatic press 80-06 
for suction dredges 3-18 
Gathering locos 11-39, 16-13 
pumps 13-16, 16—16 
Gatun locks, cableways 26-48 
Gauss 48-08 

Gauzes for safety lamps 83-86 
Gear reduction for hoists 12-17 
Geared hoists 16-11 
speed of 12-46 
steam, data on 12-50 
Ofaring 41-02 
Gel strength, mud fluid 9-19 
Gelatin, blasting, fumes from 4-04 


Gelatin method for borehole surveys 9-67 
mine models 19-11 
Gelatins, blasting 4-06, 4-10 
Geldenhuis mine, ropeway 10-416 
Gelex explosive 4-08 
Gelobel explosive 4-08 
Gem stones, occurrence 2-32 
Gen Elec Co motors 16—84 et seq 
General Eng^Co regenerating process 83-34 
Generators, direct-current 48-06 et eeq 
Geneva mine, drifting routine 10-106 
Geologic mine maps 19-08 et seq 
Geological data for prospecting 1CM}6 et eeq 
evidence of ore 10-06 
Geology affecting mine development 10-86 
bearing on mine exams 86-09 
of placer deposits 10-633 
Geometrical series 36-00 
Geometry, analytical 06-80 et seq 
plane 86-08 et seq 
solid 86—24 

Geophysical method, choice of lO^A-29 
prospecting 10-26 
Georges Creek coal mining 10-483 
Georgia, bauxite in 2-26 
Gerhard’s hoisting system 12-07 
Germany, coal-mine fatahtiea 83-88, 88-84 
Giant’s Causeway, rocks at 2-16 
Giants, hydrauhc-mining 10-552, 10-654 
discharge by 3-16 
for stacking tailing 10-676 
Gibbs oxygen apparatus 23-86 
Gilbert 48-08 

Gilberton shaft headframe 12-72 
Gilsonite nuning 10-402 
tests for 1-60 

Girders, structural-steel 48-00 
Girts m square-set sloping 10-198 
Glacial strata 2-18 
Glaciers, erosion by 2-17 
Glance coal 2-30 
Glass models of mines 19-09 et seq 
Glassy rocks 2-04 
texture in rocks 2-03 
Glen Alden Coal Co headframe 12-81 
coal mine, unwatenng 16-47 
Glory-hole (surface) imning 10-459 et seq 
surveying 18—26 
underground 10-157 et seq 
Glacial drift, prospecting in 10-29 
gravels 10-534 
Gneiss 2-09 
Goaf, coal mine 10-606 
Gob 10-237 

coal mine 10-605 

Go-devil for column pipes 13-09, 13-10 
planes 10-414 

Godfrey mine, drift round 10-99 
Gogebic Range, open-pit walls 10-627 
sub-level caving 10-327, et seq 
trolley loco 11-41 
Gold amalgamation 83-02 et seq 
distribution in sluices 10-671 
dredging 10-687 et seq 
fineness vs value 85—14 
loss of, in sluices 10-671 
milling, Alaska Treadwell 81-11 
milling, cost of 21-06, 81-08, 81-14, 81^19 
ores 2-24 

spotty, assaying 80-07 
in ores, payment for 88-07, 88-14 
panning, method 81—11 
placer 10-636 
source of 10-633 
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Gold rocker 10-538, S6-18 
Gold-saving on Bulc^o dredges 10-598 
on dredges 10-684 
Gold Hill hydraulic mine 10-559 
Golden Cross mine, ore chute 10-415 
Golden Messenger mine, level interval 10-91 
open overhand stoping 10-170 
open underhand stoping 10-164 
scraping 10-420 

Golden Queen mine, slot system 10-390 
Golden Ridges mine, hydraulic stripping 
10-469 

Goldfield Cons Mines, accounts 21-04 et seq 
high-grading at 22-22 
lease royalties 22-02 
sill timbering 10-219 
Goodman conveyer drives 27-16 
loader 27-10 
scraper hoists 27-11 

Goodnews Bay Mining Co, dredging 10-594 
Gopher blasting 5-20 
Gophering 10-132 
Gorden shaft, Tenn, sinking 7-09 
Gordon’s formula for columns 43-06 
Gossan 2-22 

Gossans and cappings 10-18 
as evidence of enrichment 10-20 
Gouge, fault 2-14 
Gounot on subsidence 10-621 
Governing internal-comb engines 40-41 
Gov’t Gold Mining Areas, cost of shafts 7-30 
sand filling 10-422 
Governors, air-compressor 16-18 
steam-engine 4C^18 
Grab sampling 26-12, 22-08 
Grade of coal mine entries 10-476 
gangways 10-480 
effect of on haulage 11-36 
of gravity plane 11-44 
resistance on track 11-27 
for sluices 10-552, 10-564 
stakes 17-84 

Graded-tonnage estimates on Mesabi 10-74 
Grader, elevating 3-11, 3-13, 3-16 
Graders, earth 3-07 
Grades in open-pit iron mines 10-435 
Gradient of equal traction 11-27 
of streams 10-634 
gravimetric lO-A-03 
Grading of high explosives 4-05 
Grahamite 2-31 
tests for 1-60 

Grain of building stone 6-23 
Gram-molecule 42-34 
Granby Cons mine sinking bucket 12-95 
spiral stope 10-160 
Granby mine car 11-06 
Grand Coulee Dam, shot-boring 9-62 
Grand Saline, Tex, salt mining 10-418 
salt dome, temperature 10- A- 26 
Grand Trunk Pac RR, rock cuts 5-27 
Granite 2-04 

as building stone 2-28 
Mt shaft, cost 7-32 
Granitoid texture in rocks 2-03 
Grano-diorite 2-04 
Grants, colonial mining 24-03 
Mexican 24-04 
Granular dynamites 4-06 
materials, press in 43-10 
Granville Mining Co, ground-sluicing 10-541 
Graphic representation of work 89-02 
solution of bin stresses 12-134 
of inclined raises 18-28 


Graphic tellurium, defined 2-24 
Graphite, occurrence of 2-31, 10-21 
Grapple dredge 3-18 
Grass Valley, Cal, air shaft 7-03 
Grate riffles 10-667 
Grates, coal-furnace 40-12 
Gravel, alluvial, test-pitting in 10-23 
beds, resistivity survey lO-A-13 
placer 10-633, 10-636 
pumps, Malaya 10-624 
pumps for placer mining 10-575 
Gravel-plain placers 10-536 
Gravimeter lO-A-03 
readings lO-A-06 
Gravimetric surveys lO-A-03 
Gravity aerial tramways 26-48 
fields lO-A-03 
loading, top-slicing 10-301 
measurements lO-A-06 
plane 11-41 

underground 10-414 
stamps 28—18 et seq 
Gravity-discharge elevator 27—32 
Graywacke 2-09 
Grease gun for mine cars 11-13 
Great Britain, coal-mme fatalities 23 - 82 , 23-34 
gassy mine regulation 23-20 
Greenland, cryohte from 2-26 
Greenstone 2-07 
Grievance committee 22-40 
Grievances, settlement of 22—17 
Grinding for cyanidation 33—11 
of samples 29-07 
Grindstones, nature of 2-28 
Grip sheave for cableway S 16-08 
tramway 26-26 
Grips, tramway 26—18 
Grizzlies 10-212, 28-08 
revolving 27-36 
sorting 28-16 

Grizzly control system 10-354 
drifts, ventilation of 14-03 
elevator 10-574 
fixed-bar, for coal 36-04 
Horne mine 10-190 
levels, ventilating 14—10 
revolving, for coal 85-05 
for undercurrents 10-670 
Ground control of aerial photos 17—51 
Ground Hog mine, square-set stoping 10-207 
Ground movement 10-619 et seq 
resistivity lO-A-12 
Grounding wires 16-06 
Ground-mass 2-03 
Ground-sluicing 10-640, 10-641 
of tin 10-621 

Ground- water, classified 2-19 
level, lowering 8-03 
Grout, cement 43-09 
Grouting for shaft-sinking 13-04 
in tunnels 6-26 
Grubbing methods 3-11 
Guatemala, Empire drilling 9-06 
food for prospecting 10-80 
Guibal fan 14-40 
Guide rope in rescue work 28-67 
shoes, shaft-sinking 7-10 
Guides, hoisting 12-82 
in steel headframes 12-78 
in vert shafts 7-14 
Gulch placers 10-634 
Gulf Coast, cost of oil wells 9-40 
oil wells, formation press 9-19 
GuUiford methane detector 28-28 
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Gunboat skips 12-111 
Gunits in tunnels 6-26 
Ounited mine stoppings 14-10 
Guniting of drifts 10-108 
of pillars 10-134 
shaft sets 7-1$ 
of shaft walls 7-20 
shrinkage stopes 10-277 
Gunter’s chain 46-46 
Gypsum mining 10-151 
open-cut mining 10-433 
Gyratory crushers 28-04 et »eq 

Haber firedamp whistle 23-28 
Haldane blackdamp indicator 23-29 
canary cage 23—08 

Halkyn, Wales, machine loading 10-106 
tunnel, cost 6-26 

Hall-Rowe deflected boreholes 9-34 
Halliburton rotary drill 9-17 
Hammer breaker for coal 36-08 
drills 10-30, 10-32 
care of 16-37 
in shafts 7-06 
speed of 6-09 
in stopes 10-127 
drilling, exploratory 10-68 
Hammer-drill bits 6-03 
Hammonton, Cal, dredging 10-688 
Hancock mine, hoisting guides 12-83 
open stoping 10-174 
Hand churn drill 9-04 
drilling 6-07 
in drifts 10-93 
in raises and winzes 10-119 
Rand 10-147 
in stopes 10-126 
level for contouring 17-41 
loading, Mesabi 10-306 
open-cut mines 10-431 
of rock 6-21 
in top-slicing 10-301 
mucking in headings 10-102 
in tunnels 6-19 
picking of coal 30-02 
sampling 29-03 
sharpening of rock bits 6-06 
shoveling 10-103 
in shafts 7-10 
in tunnels 6-16 
sieving, std method 31-04 
sorting 28-10 et seq, 33-10 
tramming 1 1-32 

Boston Consol mine 10-372 
in headings 10-102 
Ray mine 10-376 
windlass 12-67 ♦ 

Hand-hammer drilling in shafts 7-06 
Hand-held drill 16-33 
Hand-jigging tests 81-10 
Handley shaft-plumbing bob 18-17 
Handling of explosives 4—17 
ore in breast stopes 10-134 

in stopes 10-164, 10-173, 10-211 
underhand stopes 10-163 
Hand-loaded conveyers 27-18 
Hand-picking tests 81-10 
Hand-sampling mill 29-14 
Hangers for pulley shafts 41-08 
Hangfires in blasting 23—86 
Hanging bolts, shaft-sinking 7-13, 7-16 
chutes 10-411 
waU 10-03 
control of 10-164 


Hanna Coal Co mine car 11-10 
Hardinge ball-mill 88-12 
Hardness of drilling media 9-54 
of minerals 1-06 
of water 22-28, 22-29 
Harmonic motion 36-01 
Harold mine, Minn, shaft-raising 7-12 
Hartley Grantham mine, ore in pillars 10-136 
Hartley mine, Kan 10-138 
hoisting bucket 12-93 
power-shovel 10-421 
shoveling 10-134, 10-136 
Haulage accidents 23-34, 28-40 
by animals 11—33 
at coal strippings 10-466 
DeBeers mines 10-398 
level, Mesabi 10-302 
Morenci open-pit 10-460 
open-pit iron mines 10-436 
problems 10-89 
rope 16-11 
in tunnels 6-19 
underground 10-89 
Haulage-level trackage 1 1-26 
Haulageways 10-89 
lighting 16—20 

Hauling equipment for earth 3-13 
Haultain super-panner 31-12 
Hawaii, public lands 24-06 
Hawley’s assay method 30-10 
Hawser, steel 12-21 
Hazards, coal-mine, rating 23—67 
Hazen-Williams hydraulic formula 38-16 
Hazleton sinking pumps 13-13 
Hazleton, stream diversion from mines 13-02 
Head, hydraulic, measuring 38-29 
loss in orifices 38—08 
in pipes 38-11 
Headboard 10-161 
Headframe for shaft-sinking 7-04 
Headframes, design of 12-61 et seq 
Heading method of open stoping 10-166 
Headings, pointing holes in 10-94 
Headline on dredge 10-683 
dredging 10-626 
Headworks for dam 43-20 
Health insurance. Trail, B C 22-17 
Heat of air compression 14-66 
balance diagram 40-08 
capac of air-gas mixtures 39—19 
of combustion 39-30 
cycles 39-40 
mech equivalent of 39-20 
rate of fuel-burning plants 40-02 
sources of underground 14-66 
transfer of 39—34 et seq 
in condensers 40-19 
treatment of drill steel 6-06 
underground 14-54 et seq 
units 39-20 

Heating cyanide solution 83-08 
surface of boilers 39—37 
test of d-c generator 42-10 
value of fuels 89-30 
Heats, specific 39-20 
Heave of fault 2-13 
Heavy liquids 1-07 
solutions 31-12 

for float-sink tests 85-12 
Heavy-duty tramways 26-32 
Hecla mine, recovery of caved stope 10-234 
storage-battery loco 1 1-39 
Stull sets 10-233 
Height of headframes 12-62 
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Height of mine drifts 10-93 
of posts in square-sets 10-213 
of trolley wire 16-07 
Helical conveyers 27-34 
spring, formulas 41 - 21 , 41-22 
Hell’s Kitchen coal stripping 10-469 
Hematite, Clinton 2-21 
drifting in 10-94 
piercing for 10-24 
prospecting for 10-33 
test-pitting in 10-23 
Hemlock wood, properties 43-31 
Hemorrhage, treatment for 23-63 
Hemp hoisting rope 12-19 
rope for drives 41-09 
Henderson-Tucker ropeway 10-416 
Hendy hydraulic elevator 10-572 
Henry 42-02 

Herbert mine, gasolene loco 11-37 
Herman mine, open overhand slope 10-171 
Herringbone system of mining, Rand 10-145 
Hexagonal crystals 1-04 
Hezzlewood drill tender 6-07 
Hibbing-Chisholm dist, mining methods 
10-305 

Hickory wood, properties 43-31 
Hidden Creek mine, subsidence 10-520 
Hidden Treasure drift mine 10-607 
High temp, working at 23—16 
High-grading, prevention of 22-22 
Highway boundaries 17-29 
location surveys 17-62 
Hillcrest iron mine, hydraulic stripping 10-458 
Hillman Airplane drill 9-41 
Hillsboro, N M, placer mining 10-548 
Hinged-body mine car 11-04 
Hinges for ventilating doors 14-11 
Hirst-Chichagof Co, food supply 10-80 
Hi-Velocity blasting gelatin 4-08 
Hockensmith mine car 11-04 
Hodbarrow mine, sand filling 10-427 
Hoe-type scraper 27 - 12 , 27-20 
Hoist drive, elec 16-08 

engines, shaft-sinking 7-04 
Hoisting, diamond-drill 9-50 
duty, data on 12-29 
elec 16—08 et seq 
engine calculations 12-45 
engines, examples 12-48, 12-49 
oil-well ng 9-10 
rope, choice of 12-25 
signals 12-84 d seq 
systems 12-02 et seq 
water from mines 13-11 
Hoists, corap-air 15-41 
for scrapers 27—11 
Hole director, for headings 10-95 
in stopes 10-147 
Holes in shaft-sinking 7-09 
Hollinger Cons Mines, accounts 21-16 et seq 
cyanide plant 33 - 26 , 33-29 
mine, diamond drilling 10-68 
ears 1 1-32 

filled flat-back stope 10-250 
fire warning 15—54 
shaft-plumbing 18-18 
shrinkage stoping 10-278 
timber treating 10-236 
tramway 26-41 
Hollow-rod churn drill 9-41 
Holmes- Aid erson firedamp cutout 23-28 
Holmes-Ralph gas indicator 23-28 
Homestake mine, chute-gate 10-407 
cyaniding cost 83-29 


Homestake mine, diamond drilling 9~60 

elec hoists 12-44 
framing square-sets 10-225 
hoisting 12-58 
pension system 22-14 
raise round 10-113 
sand filling 10-426 
shaft, cost 7-25 
shrinkage stoping 10-287 
signal system 12-89 
sill timbering 10-219 
steam hoist 12—61 
stoping method 10-131 
tramming distance 11-44 
Homestake Mining Co, accounts 21-03 
Homestead, U S lands 17-32 
Homesteads on placer claims 24 - 09 , 24-11 
Honigmann drop-shaft method 8-17 et scq 
Hook hydraulic gage 38-28 
Hooke’s law of stress 43—02 
Hookworm disease 23-21 
Hooks, hoisting-bucket 12-94 
Hoolamite gas tester 23-30 
Hoop tension 38-07 
in pipes 38-21 

Hoover Dam, cableway 26—48 
screen scale 31-03 
Hopcalite 23-65 
Hopper, dredge 10-582 
Hopper-bottom bins 12-128 
mine cars 11-05 
Horiz correction, stadia 17-43 
directing tendency, gravimetric lO-A-03 
Horn, pneumatic, for signaling 23-67 
silver 2-24 

Horne mine, diamond drilling 9-68 
raising routine 10-116 
sand filling 10-421 
sub-level stoping 10-186 
Hoi nf els 2-06, 2^9 
Horn-gap lightning arrester 42-29 
Horse whim 12-67 
Horsepower 36-58 

boiler, defined 39 - 36 , 40-16 
dec equivalent 42—02 
indicated 39 - 04 , 39-15 
installed m U S 40-03 
of pumps 40-28 
Horses in faults 2-14 
for underground haulage 11-34 
Hose, air, losses in 15—13 
fire 23 - 50 , 23-58 

Hoskins Mound, Tex, sulphur mining 10-401 
Hospital, mine 23-65 
Hot ground, blasting in 10-444 
mines, cooling 14-64 et seq 
Hotchkiss Superdip lO-A-08 
Hot-well pump diagram 40-36 
Hot-wire elec instrument 42-07 
House plans for mines 22-24 
Housing in cold climates 22-25 
for fans 14-40 
loans. Trail, B C 22-17 
Houthaelen mines, shaft-sinking 8-22 
H-truck train loading 43-27 
Hudson Bay Min & Sm Co, accounts 21-33 
Hughes oil-w'cll bit 9-20 

plunger-lift for oil wells 44-09 
rotary core drill 9-33 
Hull of dredge 10-677 
Humble detaching hook 12-116 
salt dome, temperature lO-A-26 
Humboldt Basin, Nev, resistivity survey 
lO-A-14 
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Humboldt mine, blook-caviug 10-341^ 10-346 
combined method 10-384 
inclined top-slicing 10-322 
machine loading 10-103 
Humidity of air 15 - 27 , 28-02 
effect on dust explosions 23-45 
of mine air 28 - 13 , 23—14 
Hungarian gold ores 2-25 
riffle 10-666 

on dredges 10-686 
Hunt undercut gate 27-80 
Hunting of synchronous motors 42-18 
tooth of gear 41-03 
Hushing 10-641 
stripping by 10-24 

Hyatt'Hokensmith wheel bearings 11-28 
Hyder, Alaska, long tramway 28-82 
Hydraulic air compression 15-22 
brake for measuring power 4<^5 
blasting 23-35 
calculations, factors for 33-08 
compressors 13-02 
dredge 3-18 
elevators 10-572 ei aeq 
gradient 38—11 
measurements 88-28 et aeq 
mines, TJ. S, data 10-667, 10-668 
mining 10-660 et aeq 
Malaya 10-626 
press 38-05 

prospecting 10-23, 10-30 
pump for oil wells 44-12 
radius 88 - 14 , 38-24 
recording gage 88-28 
stripping 10-24, 10-468 
Hydraulicking 3-16, 10-660 et aeq 
Hydraulic-mine riffles 10-568 
Hydraulics 38-02 et aeq 
Hydril rotary drill 9-17 
Hydrodynamics 38-07 et aeq 
Hydro-elec plant, life of 40-07 
Hydrofluoric acid for borehole surveys 9-66 
Hydrogen, density of 39-22 
in mine air 23—06 
sulphide in mine air 23 - 06 , 28-11 
physiological effect 28-18 
Hydrograph, use of 38-38 
Hydrographic surveying 17-54 
Hydromechanics 38—02 
Hydro-separator for coal 85-17 
Hydrostatics 38-04 et aeq 
Hydros coal blaster 23-85 
Hygrometers 23-02 
Hyperbola, equations of 86-21 
geometry of 86-10 
Hysteresis 42-02 


I-beams, standard, listed 48-48 
Ibex mine, framing square-sets 10-226 
Ice for cooling mines 14-58 
wall for shaft-sinking 8-20 
Idaho, cost of mine track 11-26 
dragline dredging 10-606 
hydraulic mine 10-669 
r^ to mining law 24-18 
Idaho-Maryland labor case 22-16 
mines, raising routine 10-116 
shot-boring 9-62 
un watering 15-47 

Idaho Mining Co, Alaska, drift mining 10-613 
Identification of samples 10-21 
Idlers for buoket-1 adder dredge 10-682 
Igneous rocks 2-03 et aeq 


Igneous rocks, forms of 2-09 
minerals of 1-10, 2-02 
Igniters for blasting 6-14 
Ignition of firedamp 23-48 
of gas, defined 23—44 
for internal-comb engines 40-41 
temp of 89-33 
of methane 23—06 
Ilgner motor-generator set 42-13 
Ilgner-Ward Leonard hoist control 12-42, 
12-43 

Illinois coal mines, blasting 10-616 
trolley locos 11-40 
coal mining 10-490 
data 21-36 

longwall mining 10-607 
Illumination, elec 42-82 

for underground surveying 18-04 
Ilmenite, source of 2-27 
Impact 43-03 

stresses on structures 43—27 
Imperial Chem Ind, tramway 26-48 
Impinger dust tester 28-19 
Impulse 36-59 

steam turbines 40-15 
water wheels 40 - 23 , 40-24 
Impurities in anthracite SA-02 
in mine air 14-02, 23—05 et aeq 
permissible limits 28-20 
sources of 23-07 et aeq 
in smelting ores 32-06 
in water 22-27 

Inaccessible distance, measuring 17-28 
Inca Placers, methods 10-647 
Incandescent lamps 42-88 
lights in mines 23-27, 28-50 
Inch-day, placer mining 10-664 
Inclination lO-A-07 
of raises 10-110 
Inclined cableways 26-49 
chutes for anthracite 84-24 
cut-and-fill s topes 10-262 
raises, graphic solution 18-25 
shaft, projecting azimuth in 18-25 
shafts, bucket dumps 12-96 
choice of 10-83 
mucking in 7-10 
skip dumping 12-112 
sights with stadia 17—41 
square-sets 10-232 
top-slicmg 10-299, 10-321 et aeq 
working places, ventilating 14-17 
Inclined-shaft pockets 12-120 
sets 7-16 
skips 12-107 

Inclines, Malayan tin mines 10-624 
Inclosed type of motor 42-11 
Income tax, Manitoba 24-34 
Index to mineral determinations 1-61 
Indian Copper Corp, tramway 26-41 
Indiana coal mine, cooperative system 22-08 
coal mining 10-493 
Indicated horsepower 39 - 04 , 89-15 
Induced-current prospecting methods lO-A-16 
Induction generators 42-16 

motor for hoisting 12-32, 12-42, 12-43, 
16-08 

motors 42-19 et aeq 
cost 16-24 et aeq 

Induction-type elec instruments 42-07 
Inductive reactance 42-18 
Industrial compounds 87-04 
tramways 26-48 
Inertia, angle of, mine oars 11-27 



INDEX 


29 


Inertia of hinting drums 12-13 
mine>car 11-27 
moment of 86-^ et teq 
product of 86-48 
of tramways 26-84 
Inflammable limits of methane 28-07 
Inflammation of gas mixtures 28-44 
Inflection, point of 86-26 
Inflow of mine water, preventing 13-02 
Inhalation of air 23>^ 

Injectiim int>comb engine 4<K-40 
Injectors, comp-air 14-43 
Injuries, compensable 82-11 
in metal mining 10-430 
Inland Steel Co, top-elicing 10-313 
Inlets, ventilating 14-30 
Inmachuck River, Alaska, elevator work 
10-574 

Inquarting of cupel beads 80-18 
Inserted-tooth gears 41-08 
Inspection of lumber 43-31 
of mines 23—66, 28—67 
Inspiration mine, block-caving 10-354 
boring 10-58 
cage 12-106 
car dump 11-31 
chute-gate 10-410 
jackhammer drifting 10-99 
ore bin 12-129 
ore skip 12-109, 12-110 
skip loading 12-122 
timber treating 10-236 
Installing d-c machines 42-02 
induction motor 42-20 
watt-hr meters 42-82 
Instalments, principles of 86-08 
Instantaneous axis of rotation 86-84 
Inst Min A Met screens 81-08 
Insulation of dwellings 28-28 
elec 42-08 
of steam pipes 40-22 
test of d-c generator 42—10 
of underground wires 16-06 
Insulator, eleo 42-08 
Insulators, transmission-line 42-30 
Insurance of compen liability 82-11 
Intake for air compressors 10-24 
wells for repressunng 44-80 
Intakes, mine-air 14-08 
Integrals 86-27, 36-28 
Integrating wattmeter 42-81 
Intensity of illumination 42-88 
Intercepts, solution of 36-28 
Intercoolers, comp-air 16-19 
Interest on money 48—08 et seq 
in ore settlements 88-08 
principles of 86-^ 

Intermittent flow of oil wells 44-08 st seq 
rating of d-c motor 42-11 
of elec machine 48-4)8 
Intemal-comb engines 40-89 et seq 
gases from 88-11 
thermodynamics of 89-17 et seq 
power plant, life of 40-07 
Intemat Nickel Co, elec bc^ts 12-44 
sill timbering 10-220 
Intemat tin control 10-620 
Interpole generator 41-08 
Interpretation of borehole data 10-38 
Intersection, locating points by 17-46 
ICC rules on shipping explosives 4-10 
Interval between mine levels 10-90 
Intralimital rights 24-07 
Intrusive volcanic sheets 2-10 


Inundations of mines 28-68 
Invar steel tapes 17-08 
Inverted arch set 6-22 
draw-cut 10-102 
Invested capital* tax on 8^-80 
Iodide method for antimony 80-20 
for copper 80-17 
Iridium, assay for 80-16 
Iron as elec conductor 42-06, 42-06 
mines, top-slicing 10-302 et seq 
mining costs 21-84 

Iron Mt, Idaho, prospector’s provisions 10-80 
Iron ore, Lake Superior, sampling 9-43 
ores 2-20 et seq 

analytical determinations 26-29 
residual 10-17 
sale of 32-16 

Iron Ranges, open-cut mining 10-434 
Iron River dist, top-slicing 10-309 
Iron Silver-Elgin case 24-22 
Ironwood, Mich, shaft-sinking 7-05 
subsidence 10-627 
Iroquois iron mine, milling 10-461 
Irregular areas 86-13 
Irrigation with sewage 22-31 
Ishpemmg, Mich, cribbed chutes 10-404 
Isogonic hnes 17-17 
Isolation of explosive magazines 4-1 1 
Isometric crystals 1-03 
Isothermal expansion, work of 89-02 


Jackhammer for blasting frozen gravel 10-613 
drilling, Rand 10-147 
mounting 10-140 
Jackhammers 10-94 
in drifts 10-99 
in headings 10-101 
m stopes 10-127 
Japanese measures 46-81 
Jaw crusher 28-02 et seq 
for assay samples 80-02 
Jaw vs gyratory crushers 88-06 
Jeffrey Aerovane 14-42 
chain-flight conveyer 27-14 
fan 14-40 
loaders 27-08 

Jerome, Ariz, concreting shaft 7-19 
extinguishing fires 10-428 
Jet steam condenser 40-18 
Jetting around drop-shaft 8-06 
Jewel Ridge Coal Co, mechanization 27-24 
Jig-back tramways 86-36 et seq 
Jigs in anthracite preparation 84-09 
coal-cleaning 84-18 
on dredges 10-687 
m gold mills 88-04 
on tin dredges 10-627, 10-628 
Jim Crow rail bender 11-17 
Jockeying with aasays 29-18 
Johnson concentrator 83-04 
Johnston formation tester 9-81 
Joints, air-pipe 16-07 
for drift sets 10-108 
in rock quarrying 5-23 
in rocks 2-16 

in square-set timbers 10-214 seq 
in steel rails 11-16,11-16 
timber 48-38 
Jolly balance 1-06 

Jones & Hammcmd pumping jack 44-19 
Jones riffle sampler 28-09, 29-07, 80-08 
Joosten shaft-sinking method 8-24 
Joplin distr, stoping method 10-139 
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Joplin distr, hoisting bucket 12-92 
mines, gasolene locos 11-38 
Joplin-type headframe 12-68 
Jordan iron mine, milling 10-461 
Josie mine, B C, diamond drilling 10-65 
Joule 42-02 

Joule’s equivalent of work 89-03 
Journal friction on mine cars 11-27 
Joy belt conveyers 27-15 
loaders 27-05 

Judge mine, top-slicing 10-319 
Jumbo drill carriage 6-08 
Jumper drills in slopes 10-126 
Junction mine, drift round 10-101 
Mitchell slicing 10-228 
raise round 10-114 
stations, tramway 26-27, 26-31 


Kalgoorlie gold ores 2-25 

mines, comp-air ventilation 16-54 
filled rill slope 10-262 
shrinkage slope 10-275 
Kansas, cost of oil wells 9-39 et seq 
Kaolin, mining through boreholes 10-402 
occurrence of 2-28 
Kaplan water-wheel runner 40-25 
Kata thermometer 23-04 
Kathleen coal mine, mechanized 27-28 
Kearsarge lode, development 10-88 
open stoping 10-172, 10-176 
Keating chute 10-411 
Keg funds 22-15 
Kelly on rotary rigs 9-16 
Kennecott Copper Corp, accounts 21-33 
mine, diamond drilling 9-60 
shrinkage stoping 10-286 
Kennett Dam, shot-boring 9-63 
Keokuk Falls oil field practice 44-05 
Kerber Cr tunnel 6-15, 6-27 
Keweenaw Peninsula, mining methods 
10-167, 10-172 
Keystone placer drill 9-42 
Kick-back dump 1 1-30 
Back-off valves in oil wells 44-07 
Kidder pneumatic shaft 8-15 
Kieserite, tests for 1-60 
Bain dryers for coal 85-29 
Bliln-drying of lumber 43-31 
Kilovolt-ampere 42-14 
Kilowatt 42-02 
Kilowatt-hour 42-02 
lUmberley diamond mines 10-392 
hoisting speed 12-46 
Kimberley-type skip 12-111 
Kind-Chaudron shaft-sinking 7-22 
Kinematic viscosity 36-08, 38-04 
Kinematics 36-49 et seq 
Kinetic energy 36-58 

King (asbestos) mine, block-caving 10-340, 
10-369 

open-cut 10-454 
car-passer 27-29 

mine, Ariz, shrinkage stoping 10-280 
Blintbach whipstock 9-34 
Kirby grouting method 13-04 
Kirchhoff’s laws 42-04 
for a-c circuits 42-14 

BUrkland Lake, Ont, square-set stoping 10-206 
Biiruna borehole surveying 9-68 
iron deposit 2-20, 2-22, 10-08 
Klondike, alluvial deposits 10-633 
hydraulic mining 10-561 
River, dredging 10-594 


KMA oil field, Tez, cost of wells 9-35 
Knox blasting system 5-24 

Consol Coal (I)o, mechanization 27-23 
Kobe pump for oil wells 44-12 
Kobelite diamond bit 9-55 
Koehler safety lamp 28-25 
Koepe hoisting system 12-03 
Kolar gold mines, refrigerating 14-61 
rock-bursts 2^54 
Konimeter dust tester 23-19 
Koppers-Birtley dedusting system 35-28 
Koppers coke oven 35-35 
Koppers Llewellyn coal washer 35-20 
Kopper-Waring dust collector 35-28 
Korea, hand stoping 10-127 
prospecting in 10-32 
reselling by dredge 10-699 
Kuttcr’s formula for sluices 10-666 
Kyanite, origin of 10-21 
Kyanizing of timber 43-33 


Labor, annual, on claims 24-07 

distribution in headings 10-96 
m raises 10-110 

duty, Alaska Gastineau mine 10-296 
Alaska Juneau mine 10-294 
Alaska Treadwell open-pit 10-460 
auger drilling 9-04 
Beatson mine 10-292 
block caving, Morenci 10-346 
Block P mine 10-241 
Boleo copper mine 10-417 
brick laying 43-10 
Carson Hill open-cut 10-454 
Champion mine 10-258 
Chuquicamata, Chile 10-462 
coal mining 21-36 
cold-water thawing 10-618 
concrete work 43—12 
Copper Queen open-pit 10-460 
Coronado mine 10-322 
deep-hole hammer drilling 10-69 
Detroit Copper Co 10-315 
dragline placer mining 10-649, 10-650 
drifting and crosscutting 10-96 et seq 
drift mining 10-611 
dry washing of gold 10-540 
Edwards zinc mine 10-169 
Empire drilling 9-06 
erecting square-sets 10- 225 
framing square-sets 10-225 
Fresnillo open-cut 10-463 
gold dredging 10-692 
gold panning 10-537 
gold rocking 10-639 
ground-sluicing 10-641, 10-642 
hand drifting 10-93 
hand drilling 5-07, 10-125 
hand loading gypsum 10-433 
hand loading of rock 6-21 
hand picking coal 36«02, 35-03 
band picking of earth 3-^5 
hand shoveling 3-06, 11-02, 11-03, 11-32 
hand sorting 28-17 
hand stoping 10-126 
hand tramming 11-32 
hoisting by windlass 12-57 
hydraulic mining 10-558, 10-676 
Iron River dist 10-310 
Kimberley open-pits 10-434 
loading and tramming shale 10-464 
machine stoping 10-128 et seq 
Malayan tin mines 10-623 
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Labor duty* mechanised coal mining 87-81 et 

seq 

Mesabi Range 10-805 
Mt Hope mine 10-283 
Mt lea mine 10-196 
mucking in shafta 7-10 
mucking and tramming 10-102 
New Cornelia mine 10-449 
New Idria open-cut 10-464 
Norton coal mine, W Va 10-511 
* plug-hole drilling 5-24 
radial slicing 10-336 
raising 10-110 et seq 
raising and winzing 10-119 
Rand mining 10-147 
scraping, Mesabi mines 10-419 
scraping, Rand mines 10-421 
scraping, Tri-State diet 10-418 
shaft-sinking 7-06, 7-27 
Shiras open-pit 10-466 
shoveling into shaking chute 10-416 
shoveling, Tri-State dist 10-421 
shoveling-in 10-543 
Tenn phosphate mines 10-468 
test-pitting 10-23, 10-33 
trenching 10-31 
Tri-State mining 10-139 et seq 
United Verde open-pit 10-444, 10-446 
wheelbarrow work 11-03 
winze sinking 10-120 
heat developed by 14-56 
hours in comp-air 15-48 
relations 22-15 et seq 
Laboratory cyanidation tests 38-07 
equipment for assaying 30-21 
dotation machine 81-13, 31-14 
LaBour pump 13-15 
Laccolith 2-10 

Lackawanna sheet-piling 8-06 
La Colorada mine, Mex, drift round 10-100 
Ladder dredge 3-18 
veins 10-15 
Ladders in raises 10-114 
Ladderway in shafts 7-03, 7-06 
Ladel-Troller fan 14-42 
Ug screws 43-35 
listed 41-20 
Lagging 10-161 
of drift sets 10-107 
of shafts 7-15 
for shaft-sinking 8-03 
of tunnels 6-22 

La Grange hydraulic mine 10-555 
riffle 10-667 

Lake Angeline mine, top slicing 10-298 
Lake Shore mine, chain gate 10-411 
drifting routine 10-106 
raising practice 10-117 
square-set stope 10-206 
Lake Superior Coal Co, W Va, guniting shaft 
7-20 

Lake Superior copper basalts 2-10 
leases 24-04 
mines, rock-bursts 23-54 
dist, pillars 10-630 
iron mine, boring record 10-48 
drill sludge 10-40 
iron mines, boring at 10-61 
drifting 10-99 
iron mining 10-157 
iron ores 2-21 
open-out mining 10-434 
Lake View Cons mine, shrinkage stope 10-275 
Lakekakamu, Papua, dredging 10-599 


Lame*s constant lO-A-21 
Laminar flow of liquids 38-18 
Lamp house 88-85 
Lamps, storage-battery 15-31 
vitiation of air by 83-08 
Lanchute, Malayan 10-620 
Land Dept, U S 84-19 
regulations 24-18 
measure 45-46 
surveying 17—15 et seq 
Landing chairs for cages 12-104 
Landslides 3-04 
Lane band friction clutch 12-16 
Lane Wells knuckle joint 9-33 
Lang lay wire rope 12-20 
Lansford coal stripping 10-469 
colliery headframe 12-80 
Laramie-Poudre tunnel 6-15 
La Rose mine, prospecting 10-30 
La Rue mine, conveyer system 87-80 
Latent heat of fusion 89—25 
Lateral development, drift mines 10-606 
of mines 10-82, 10-90 
for top-slicing 10-299 
Laterite 2-09 
Latitude 17-20 

determination of 17—24, 17-27 
Latrines 28-22 

Launders in coal preparation 85-10 
for sand filling 10-423 
Laurium lead deposit 2-24 
Lava flows 2-10 
Law, extralateral 24—20 et seq 
on subsidence 10-532 
Lawrence colliery methods 10-497 
Laws, mining 24-01 et seq 
Lay system of xmmng, defined 10-274 
of wire ropes 12-20 
Lead button, size of 80-07 
loss in smelting 82-03 
ores 2-23, 2-24 

assaying 30-13, 80-18 
sale of 32-04 
in ores, payment for 82-07 
in placer deposits 10-536 
storage battery 42—35 
test, for assaying 30-04 
Lead set 10-198 

Lead-silver ore, treatment of 82-04 
Leadville, framing square-sets 10-225 
mine development 10-82 
ore deposits 2-24, 2-26, 10-11 
Leakage in airways 14-33 
of comp air, measuring 15-53 
in pipe ventilation 14-16 
in ventilating systems 14-16 
Leamng stope-sets 10-232 
Lease, mining, form of 25-05 
NW Terr 14-81 

Leases, placer-mining, B C 84-38 
Leasing, mine 88-08 
system, U S 84-04 
Leather belts 41-04 
Leaching copper ore 10-390 
Lee resistivity method lO-A-13 
Legal advice, when needed 85-05, 85-89 
boundaries of property 17-89 
Lehigh Nav Coal Co, hoist layout 12-41 
methods 10-498 

Lehigh Valley, Pa, test-pitting in 10-23 
Lehigh Valley Coal Co cage 12-100 
Length of aerial tramways 86-08 
of drill steel 6-06 

Leon gas detector 83-28 



INDEX 


'62 


Leonard mine, chute spacing 10-212 
level interval 10-91 
square-set stoping 10-220, 10-226 
shaft, air-hoist 12-56 
Lepley coal skip 12-115 
Lettering of drawings 17-13 
Leucite Hills, Wyo, vegetation in 10-24 
Level, engineer’s 17-08 
interval 10-90, 10-367, 10-387 
sub-level caving 10-326 
top-shcing 10-299 
mining 10-03 

Levehng, cross-section 17-37 
profile 17-35 
lods 17-02 
tngonom^etnc 17-47 
underground 18-14 
Level-pillar 10-153 
mining 10-239, 10-256 
Levels, mine, support of 10-161 
in shrinkage stopes 10-275 
Liberty Bell mine, open overhand stope 10-166 
License, mining, NW Terr 24-31 
Life of gravity stamps 28-13 
of hoisting ropes 12-26 
insurance, Trail, B C 22-17 
of mine timber 10-236 
of power-generating plants 40-07 
Lift, depth of, m bench blasting 6-13 
of hydraulic elevators 10-673 
Light units 42-32 
Lighting by comp-air power 23-27 
electric 42-32 
for hand sorting 28-18 
of mines, elec 16-20 
in rescue work 23-67 
Lightmng arresters 16-05, 42-29 
Lignite 2-29 

Lilly hoist controller 12-117 
mine, Cal, dragline dredging 10-605 
Limburgite 2-06 
Lime, properties 48-09 
sources of 2-28 
Limestone, minerals of 1-11 
mimng, Ala 10-161 
origin of 2-09 

quarrying, underground 10-296 
Limestones as building stone 2-28 
Limonite, Cuba, bore testing 10-64 
, deposits, prospecting 10-33 
in gossans 10-18 
Line drop in transmission 42-26 
equations of 36—20, 36-24 
of least resist in blasting 5-12 
pipe, listed 41-13 
Linear equations 36-06 
measures 45-46 
Lines, geometry of 36-08 
Limng, Kind-Chaudron shafts 7-23 
of shafts in frozen ground 8-21 
of tube-mills 33-12 
Linings for column pipes 13-10 
for ditches 38-27 

Link-Belt drive for shaking screens 86-06 
Liquid fuels, heat capac of 39-19 
typical analyses 40-11 
measure 45-47 
Liquid-oxygen explosive 4-07 
gases from 28-08 
Liquids, specific heats of 39-21 
Litharge for assaying 80-04 
Lithium, sources of 2-26 
Lithonia, comp-air quarrying 5-25 
Little Cr, Alaska, hydraulic elevators 10-573 


Live load in headframes 12-62, 12-64 
m truss 43-29 
Livemg’s gas indicator 23-28 
Liv^ngstonite, tests for 1-50 
Lloyd mine, Mich, drifting 10-96, 10-106 
Load curves, power 40-04 
diagram, conical drum and reel 12-33 
cylindrical hoisting drum 12-31 
factor 40-04 
elec 42-38 

rolhng, on tramways 26-13, 26-14 
test of d"C generator 42-10 
Loading booms for coal 35-08 
cars by hand 11-32 
Champion mine 10-265 
fromihutes 11-32 
coal from breakers 34-14 
in drift headings 10-92 
earth, mechanical 3-13 
hand rs machine 10-135 
machines, early types 27-02 
makers 16-31 
mechamcal, of coal 10-482 
in headings 10-103 
Morenci open-pit 10-460 
pans for shaft-sinking 7-11 
skips 12-112 
sub-level caving 10-329 
Loads on aerial tramways 26-08 
on cables 26-04 
Learning, exploration by 10-22 
prospecting by 10-32 
Local attraction 17-06 
Locating points on plane table 17-46 
tramway line 26-09, 26-10 
Location certificates 17-66, 17-69 
of mining claim 24-06, et aeq 
survey of claim 17-66 
railroad 17-60, 17-61 
Lock-bar pipe 38-19 
Locke hand level 17-08 
Locked-coil rope 12-21 
track cable 26-17 

Lockouts, in mining agreements 22-17 
Locks on safety lamps 23-26 
Locomotive, comp-air 16-42 
elec 16—11 et seq 

in open-pit iron mines 10-435 
haulage underground 1 1-35 et seq 
HR, curve limits 17-62 
storage-battery, makers 16-31 
for tunnel driving 6-20 
Lode claim, locating 24-06, et seq 
nature of title 24-20 
claims, Calif 24-16 
Lodes within placers, locating 24-09 
Logarithms, converting factors 46-42 
of numbers 45-01 et seq 
principles of 36-06 
of trig functions 46-26 
Logs, volume of 25-31 
Long-hole drilling m stopes 10-191 
Long Tom 10-539 
on dredge 10-587 
Longwall coal cutter 15-41, 16-16 
coal mining 10-472, 10-505 et seq 
mines, ventilating 14-18 
subsidence with 10-624 
Longyear method, core and sludge anal 
10-42 

Loomis churn drill 9-43 
Loose ground, tunneling in 6-25 
Loose-leaf survey notes 18-22 
Loosening earth 3-12 
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Loretto mine cyanide plant 88-27 
mining method 10-371 
Los Angeles basin, cost of oil wells 9-37 
Los Pilarcs mine, stope filling 10-237 
Loss of coal in refuse 36-03 
in cyanidation 33—19 
in elec distribution 42-29 
of gold in sluices 10-571 
in prepared coal sizes 34-08 
Losses in air hose 16—13 
in air transmission 16-07 
in elec tr^nsmiasion 16-05 
in rectifier 42-24 
in smelting 32-08 
Lost corners, relocating 17-33 
time in excavation 3-02, 3-03 
Lots, incomplete, of ore 29-09 
Louise iron mine, truck haulage 10-436 
Louisiana, cost of oil wells 9-40 
rotary drilling 9-16 
Low Moor mines, top-slicing 10-313 
Low-freezing explosives 4-06, 4-06 
Lowering unbalanced loads 12-42 
Low-temp distillation of coal 35-39 
L O X blasting, Chuquicamata, Chile 10-462 
Lubricant, selection of 41—13 
Lubricants for power machines 41—12 
Lubrication of air compressors 16-23 
of hoisting ropes 12-26 
of mine- car wheels 11-12, 23-60 
of rock drills 16-38 
of tramway cables 26-18, 26-19 
Lumber requirements in Butte stopes 10-225 
standard sizes 43-31 
Lumen 42-32 
Lump Coal C explosive 4-09 
Lune, circular, area of 86—12 
Lupa goldfield, diamond drilling 9-56, 9-58 
Lustre of minerals 1-06 
Luxemburg, load deposits 2-24 
Lykens colliery, elec signal system 12-87 

Maas borehole compass 9-67 
MacAlpin Coal Co methods 10-490 
Macalwain on seismic stresses lO-A-22 
Macassa mine, bucket crossbead 12-96 
shaft, cost 7-26 

MacGeorge method for borehole surveys 9-67 
Machine bit sharpeners 5-06 
dnihna:, opcn-cut 6-08 et aeq 
drills in mines 10-94 
111 stopes 10-127 et seq 
framing of square-sets 10-226 
loading, SE Mo 10-136 
Machine>banded wood pipe 88-20 
Machine-drill blasts, charges 6-14 
Mackintosh boring rig 9-07 
Madden Dam, cableway 26-48 
clay grouting 8-24 
Magazine mining 10-274 
Magazines, explosive, isolation of 4-11 
location of 4-12 
specifications for 4-12 
Magma, Ariz, enriched zone 10-20 
mine, bonus system 22-07 
combined method 10-387 
cooling 14-68 
cribbed raise 10-116 
drifting routine 10-106 
level interval 10-91 
machine loading 10-104 
Mitchell slicing 10-227 
refrigerating 14-63 
shafts, cost 7-27 


Magmas as source of ores 10-07 
Magmatic concentrations iO-07 
water, defined 2-19 
Magnesite deposits 2-26 
Magnetic circuit 42-04 
declination 17—17 
measurements analyzed lO-A-08 
prospecting 10-26, 10-30 
surveys lO-A-07 

susceptibility of rocks lO-A-31 et seq 
vane 42-07 

Magnetite ore, diamond-drilling 10-63 
occurrence 2-20, 2-21 
as a rock 2-06 

Magnetite-ilmemte in rocks lO-A-34 
Magnetization curve 42—04 
Magnetometer 1O-A-08 
Magog, Quebec, hydraulic air comp 16-22 
Mahoning-Hull-Rust iron mine 10-434 
Maintenance of excavating machines 3-02 
of mine levels 10-91 
of mine shafts 10-84 
Makers of comp-air equipment 16—64 
of dredges 10-587 
of elec mine equipment 16—31 
of tramways and cableways 26—60 
Makeshift survey methods 18-24 
Malacate, hoisting with 12-67 
Malaria 22-33 
Malaya, tin mining 10-619 
Maltha 2-31 

Mammoth coal seam, mining 10-481, 10-498 
N Z, placer drilling 9-42 
pump for drop-shafts 8-17 
tunnel, cost 6-27 
Man cages 12-105 
Management of mines 20-02 et seq 
Manganese m cyanidation 33-07 
mining, Cuba 10-456 
ores of 2-26 

analytical determinations 26-29 
residual 10-17 
sale of 32-16 

Manila rope, data on 12-19 
Manitoba, mining law 24—34 
Manning hydraulic formula 38-14 
Manometers 38-29 

use in ventilation 14-23 
Mansfeld copper deposit 2-23 
Mantos, lead-ore 10-168 
Manway, cribbed 10-279 
in raises 10-109 

Manways in chutes 10-109, 10-114, 10-117, 
10-118, 10-207, 10-212, 10-403 
in coal mines 28—34 
Map drawing 17-13 
Maps, assay 26-16 
geologic 19-04 
mine 18-26, 2(M)4 
for mine exams 26-03 
photographic 17-48, 17-62 et ieq 
for prospecting 10-27, 10-32 
Marble 2-09 
as building stone 2-28 
Marcy ball-mill 83-13 
Margin on metals 32-06 
Market, estimating size of 25-20 
for metals, etc 26-23 
sizes of anthracite 34-02 
Marketing Malayan tin 10-629 
Marking claim location 24-18 
Marl 2-09 

Marquette iron ores, boring in 10-01 
Range, contract mining 22-06 
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Marquette Ranqe, open-pit blaeting 10-436 
subeidence 10-627 
top-elicmg 10-311 
Marsaut safety lamp 23^8 
Marsh viscosimeter 0-10 
Martienssen gas detector 18-88 
Martin Decker weight indicator 0-23 
Martin Ore Co mine car 11-10 
Mascot mme, bonus system 22-07 
churn-driU samples 10-46 
contract xnimng 22-06 
open stopmg 10-169 
trolley locos 1 1-40 
Masonry* calculating volume 17-88 
dam 48-28 
limng of shafts 7-21 
Mass 86-54 
density 88-02 

Massco coal-washing table 85-21 
Masses, moment of inertia 86-48 
ore 10-03 

Mastodon Cr, Alaska, dragline placer mining 
10-649 

inclined sluice 10-675 
Mat, top-slicing 10-301 
Matahambre mine, bonus system 22-07 
filled stoping 10-251 
sand filhng 10-424 
shaft, cost 7-28 

Matanuska coal field, diamond drilling 9-60 
Materials, weights of 48-26 
Mattsen air-lock 8-12 
Maxima and minima by calculus 86-26 
Maximum hours, statutory 22—02 
moment m beam 48-29 
reaction in truss 48-29 
Maxwell 42-02 

Mayarl, Cuba, bore sampling 10-64 
estimating iron ore 10-71 
open-pit iron mines 10-455 
McCaa oxygen apparatus 28-56 
McCaskell mine-car wheel 11-12 
McIntyre Porcupme cyanide plant 88-25, 
88-29 

drift round 10-100 
lunch-box inspection 22-22 
overhand filled stope 10-241 
square-setting 10-199 
stope filling 10-238 
sub-level stoping 10-192 
wash house 82—21 
McKinlay entry borer 9-08 
McPherson shaft, sinking 7-06, 7-08 
Mean candle power 42—88 

effec press 89-04, 89-16, 89-18 
of engine 40-17 
radius of air ducts 14-27 
temp difference 89—36 
Meandering boundaries 17-22 
Measurement of comp air 15-49 
of electricity 42—06 et seg 
of ventilation factors 14-81 et aeq 
Measures, conversion tables 45-49, 45-50 
Mechanical coal cleaners compared 84-28 
equivalent of heat 89-20 
handhng in stopes 10-413 et seg 
loaders, sales of 27-08 
loading in headings 10-103 
top-sUcing 10-301 
in tunnels 6-17, 6-19 
samplers 29-08 et eeq 
sampling mill 29-14 
ventilation 14-02, 14-39 et eeq 
Mechanics of groimd movement 10-521 


Mechanization of coal mines 10-482 
of mining 27-02, 87-16 
Mechanized metal mining 27-86 ei eeq 
Medical aid for employees 22-18 
Medina sandstone 2-28 
Meem’s compression experiments 10-624 
Melting of cyamde bullion 88-24 
of gold bullion 88-05 
points of substances 89-25 
Men, hoisting in skips 12-116 
Menominee Range, block-caving 10-342 
dragline mining 10-466 
top-shcnig 10-309 
Menzies coal cleaner 84-12, 86-17 
Mercur, Utah, sub-level caving 10-337 
Mercurial poisomng 38-06 
Mercury in amalgamation 88-08 
in cyamdation 83-07 
ore of 2-26 

assaying 30-19 
in slmces 10-571 
traps 88-03 

Mercury-arc rectifiers 16-08, 42-24 
Mercury-vapor lamp 42-88 
Mergers, computing values for 45-67 
Meridian, guide 17—80 
on maps 17-14 
principal 17-80 
true, determining 17—22 et eeq 
Meridional lines 17-80 
Merit rating system 22-05 
Memam coal stripping 10-468 
Memll-Crowe precipitation 88-23, 83-24 
Memman hydraulic formula 88-15 
Mesabi, cost of mine track 11-26 
diamond drilling 10-38 
dragline mining 10-466 
glory-holing (milling) 10-460 
hand loading 10-301 
hanging chutes 10-411 
hydraulic stripping 3-16 
iron mines, boring practice 10-61, 10-62 
drifting with augers 10-94 
open pits 10-434 
estimates 10-469 
haulage 10-436, 10-436 
limits 10-471 
walls 10-527 
ore estimates 10-73 
occurrence 10-302 
sludge box 10-41 
steam-loco haulage 11-36 
structure drilling 10-39 
sub-level car 11-04 
top-slicing 10-302 et eeq 
tramming distance 11-44 
Mesozoic rocks 2-18 
Metal mines, fatalities 28-87 et eeq 
ventilating 14-19 et aeq 
cost 14-07 

Metal-mine fires, disastrous 23-49 
loaders 27-26 et eeq 
method, choice of 10-428 
methods classified 10-123 
regulations 23-68 
Metallic dusts, poisonous 28-19 
ores, exam of 1-09 
Metallics in samples 29-08, 80-06 
Metals of the earth 2-18 
prices of 26-24 
properties of 48—42 
Reduction Co pipe headframe 12-82 
tensile strengths of 87-07 
Metamorphic mineral deposits 10-21 
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Metamorphie rocks 2-09 
minerals of 1-11, 2-03 
Metcalf mine, filled stope 10-248 
Meteoric water 2-19 
Metering of electricity 42-31 
Meters for comp air 16-49 
Methane detectors 16-21 

flow from coal mines 23-09, 23—10 
Ignition of 23-43 
inflammable limits 23-07 
in mine air 23-06 
press of, in strata 23-09 
recorders 23-29 
testing for 23-26 
Metric system 46-47 et aeq 
Mexican Corp, winzes 10-120 
dry washer 10-540 
mine, hand stoping 10-126 
mimng grants 24-04 
silver ores 2-25 
Mexico, hand drifting 10-93 
mimng law 24-37 et aeq 
Meyer & Charlton mine, data 21-18 
Miami Copper Co, accounts 21—30 
Miami mine, block-caving 10-340, 10-347 
boring at 10-58 
car 11-08 
car dump 11-31 
churn-drill prospecting 9-41 
samples 10-44 
chute-gate 10-408 
combined method 10-379 
cost of mine track 11-26 
diamond drilling 10-35 
machine loading 10-105 
roads for drills 10-37 
shaft sinking 7-05 
sludge box 10-40 
subsidence 10-528 
top-slicing 10-318 
tramming level 11-25 
ventilating 14-21 
Mica, properties of 2-32 
Mica-schist 2-09 

Michigan amygdaloid mines, methods 10-172 
arbitration in 22-18 
copper deposits 2- 23 
copper mines, air drying 14-59 
cost of air drilling 16-29 
development 10-87 
diamond drilling 10-36 
entry practice 10-83 
haulage in 10-90 
tramming 11-32 
trolley loco 11-41 
ventilation 14-06 
iron mining costs 21*34 
drainage 10-89 
scraper loading 27*30 
sub-level stoping 10-178 
Labor Helation Act 22*16 
mineral lands 24*11 
Microchemical mineralogy 1-09 
Micro-gas surveys lO-A-29 
Micro manometer 14-24 
Micrometer tripod head 18*19 
Microscope for ore testing 31*06 
Microscopic evidence of enrichment 10-20 
Mid-Continent oil field, costs 44*17 
Midway-Sunset oil field, costs 44*17 
Migration of outcrops 10-27 
M 3t K methane detector 23*28 
Miles cold-water thawing 10-615 
Mill construction 43*42 


Mill tests advocated 31*16 
Mill Gulch, Nev, dragline dredging 10-606 
Miller coal mine. Wash, methods 10-509 
Milling calculations 31*19 et aeq 
(glory-hohng) 10-459 
gold 33—02 et aeq 
ores, sale of 32*13 
underground 10-157 
Millivoltmeter 42*07 
Mills-Crowe regenerating process 33*24 
Millsite locations 24*10 
Calif 24-16 
survey of 17-67 

Milton Gold Dredging Enterprise 10-604 
Mine air, constituents 23*04, 23*06 
atmosphere 14-02 
cars 11-03 et aeq 
sizes of 11-14 
communities 22-22 
fires 23-48 et aeq 
La Motte, power-shovel 10-421 
maps 18—26 
models 19—08 et aeq 
openings, location of 10-90 
number of 10-89 
track 11-14 et aeq 
Mine-car compressors 16*16 
yield 34*03 

Mine-rescue apparatus 28*66 
stations 23*69 
Mineragraphy, use of 81*06 
Mineral 1-02 

calculating formula of 87*08 
charcoal, defined 2-30 
deposition 10-06 
deposits 2-18 et aeq 
determinations, index 1-51 
domain, U S 24*03 
lands, sale of 24*06 
surveying 17-86 et aeq 
search for 10-04 
stability 10-06 
survey, example of 17*68 
surveyors 24-10 
wool insulator 41-18 
' Mineral-forming processes 10-07 
Mineralogical analysis 31-06 
Minerals of copper 2-22 
gangue 10-A)6 

magnetic susceptibility lO-A-33 
misc, prices of 26-24 
ore 10-06 
rock-forming 2-02 
uses of 1-12 
weight of 26-21 
Miner’s certificate, B C 24*38 
inch 10-554, 38*82 
license, Ontario 24*36 
Mmette iron ore 2-21, 10-16 
Mineville, N Y, diamond-drilling 10-63 
dry-closets 22*30 
hoisting bucket 12-93 
machine loading 10-103 
open stoping 10-142 
ore bin 12-129 
ore skip 12-107 
whim hoisting 12-57 
Minimum wages, statutory 22-02 
Mining Act of 1872 24*06 

agreements 22*16 
floor, defined 10-198 
law of 1866 24^ 

method, effect on ventilation 14-17 
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Miniiig niethodfl, classified 10-123 
of petroleum 44f-414 
property, character S4-4>fi 
shovel 10-103 
tax, Mexico 24-40 
terms, defined 10-03 
transit 10-06 

Minnesota, arbitration in 22-19 
Iron Co, filled stope 10-247 
Labor Relations Act 22-16 
mineral lands 24-11 
Mintrop geol testing method 10-'A-23 
Misfires, coal-mining 23-36 
extracting 28-36 
metal-mining 23-36 
preventing 6-21 
in tunnels 6-13, 0-14 
Missing water in engine data 39-16 
Missouri-Elas Zinc Corp, deep-hole hammer 
drilling 10-71 

Missouri, S E, breast stoping 10-133, 10-136 
diamond-drilling 10-63 
estimating from boreholes 10-72 
jackhammer support 10-101 
lead deposits 2-24 
machine loading 10-136 
mining practice 10-136 
pillars 10-134, 10-135 
recovering ore in pillars 10-136 
underground haulage 10-89 
S W, ore deposits 2-24 
Mitchell slicing, Magma mine 10-388 
system 10-227, 10-267 
Miter framing square-set timbers 10-217 
Mixing of concrete 43-11 
of sample pulps 29-08 
Moa, Cuba, bore sampling 10-54 
estimating iron ore 10-71 
Mobile loaders in coal mines 27-04, 27-17, 
27-27 

metal mines 27—27 

Moctezuma Copper Co, shaft-raising 7-12 
Modder Deep Levels mine, sand filling 10-424 
Modder ventilator 14-43 
Modderfontein mine, scraping 10-420 
B mine, development 10-91 
tramming 11-44 
East mine, pillars 10-148 
Models, mine 19-08 ei aeq 
Module, hydraulic 38—32 
Modulus of Elasticity, ’concrete 43-11 
defined 43—02 
of rocks lO-A-37 
of steel ropes 12-19 
of rupture 43-06 
Moffat coal mine 10-492 
tunnel, procedure 6-20 
Mohawk copper mine, development 10-88 
open stoping 10-174 
ore chute 10-415 

Mohawk Mining Co, accounts 20-06 
Moiling in shaft 7-05 
Moisture in coal 2-30 
determination 80-20 
in coal dust, effect on explosiveness 28-46 
in comp air 16-23, 16-27 
effect on exploeives 4-17 
in ores 82^6 
samples 29-08 
Mol 49-84 

Molds for gold bullion 88-06 
MoUier diagram for steam 89-38 
Molybdenum Corp of America, resuing 10-245 
ores of 2-26 


Moment, bending, in beams 48-08, 43-08 
of forces 36-81 
of inertia 86-46 et aeq 
static hoisting 12-02 ^ 

Moments, hoisting, calculating 12-36 
Momentum 36-69 
Mona coal mine 10-486 
Mond gas producer 40-43 
Money, foreign, U S value of 46-68 
at interest 46-63 et aeq 
Malayan 10-629 

Monitors, Fla phosphate mining 10—469 
hydrauhc-immng 10-662, 10-654 
Monkey, coal mining 10-472 
Monobel explosive 4-08 
Mono-cable tramway 26-89 et aeq 
Monocline 2-11 
Monoclinic crystals 1-04 
Monongah colliery explosion 23-42 
Monopol hoisting system 12-07 
Monorails in stopes 10-416 
Monroe iron mine, milhng 10-461 
Montana, arbitration in 29-18 
cost of diamond drilling 10-68 
dragline placer mining 10-560 
drift mine 10-611 
hydraulic mine 10-568 
ref to mining law 24-18 
prospecting equipment 10-79 
test-pitting in 10-23 
Montana-type headframe 12-68 
Montreal mine, drifting practice 19-102 
drill carnage 6-07 
hoist layout 12-41 
jackhammer drifting 10-99 
raising routine 10-116 
scraping 6-16, 6* 17 
skip 12-111 
sub-level caving 10-333 
Monument, setting 17-84 
Monuments, mining-claim 24-09 
U S lands 17-32 
Monzonite 2-04 
copper deposits 2-22 
Moore timbering system 19-231 
Moraine 2-17 
Moran air-lock 8-12 
Morenci copper deposit 2-23 

mines, block-caving 10-341, 10-345 
bonus system 22-08 
borehole assays 10-44 
crowmng square-set floors 19-223 
diamond drilling 0-61 
filled stopes 19-248 
inclined top-slicing 10-321 
leaching ore 10-401 
open-pit mining 10-449 
timber consumed 10-224 
top-slicing 19-313 
trolley locos 11-40 
underhand stoping 10-162 
Morning mine, stull sets 10-233 
Morris Lloyd i^ae, shrinkage stoping 19-282 
Morro Velho mine, development 10-86 
refrigeration 14-69 
Mortar, cement, proportions for 43—09 
Mortise and tenon joint 48--88, 43-40 
Mosaic of aerial photos lt-52, 17-64 
maps for RR location 17-60 
Mosquito, diseases due to 29-88 et aeq 
Moss-box, Kind-Chaudron 7-23 
Mother of coal 2-30 
Hubbard bit 9-1 1 
Motion, curved 86-61 
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Motion, graphic representation of S6-S0 
plane 8^68 
rectilinear 38-49 
of translation 88-88 
Motor trucks for earth excavation 3-07 
Motor-driven mine pumps 13-12 
Motor-fed drifter driU 18-88 
Motor-generator sets 16-03, 16-08, 48-18 
Motor-haulage system, Boston Consol mine 
10-372, 10-374 
Ray mine 10-374 
Motors, direct>current 48—10 et seg 
for elec locos 16-18 
hoist, capac of 12-32 
for mine fans 14-42 
for mine service 16-84 et eeg 
at oil wells 44-16 
on trolley locos 11-39 
Mottramite, tests for 1-61 
Mt Airy, comp-air quarrying 6-24 
Mt Hope mine, drift round 10-100 
shrinkage stoping 10-282 
winzes 10-120 

Mt Isa mine, glory -holing 10-463 
machine loading 10-104 
sub-level stoping 10-193 
ventilation of raises 10-116 
winzes 10-120 

Mt Lyon mine, reopening 10-88 
Mountain Con mine, drift round 10-99 
refrigerating 14-61 
Copper Co, cyanidation 33—17 
iron mine, haulage 10-436 
Mounted drills in headings 10-95 
Mounting of drills in raises 10-109, 10-110 
in shafts 7-06 
in tunnels 6-06, 6-07 
of stoping drills 10-128 
Mountings for machine drills 6-08, 18-35 
for transits 18-04 
Movable-type coal cleaner 34-23 
Moving loads, stresses of 43-29 
Mowry mine, block-caving 10-343 
Mucking by band 1 1-02 
in headings 10-102 
hand vs machine 10-106 
in headings 10-96 
rates in tunnels 6-19 
scrapers vs power shovels 10-107 
in shafts 7-10 

in tunnels 6-04, 6~06, 6-15 et seq 
Mud box, hydraulic-mino 10-663 
fluid, oil-well 9-18 
pump on dredges 10-584 
runs in mines 10-626 
rushes, DeHeers mines 10-398 
sills in mine drifts 10-107 
Mudcapping boulders 6-20, 10-663 
Muffle furnace 30-03 
Mufuiira Copper Mines, accounts 81-33 
Mules, cost of 11-33 
Multiclone dust collector 80-88 
Multiple a-c circuits 48-18 
elec distrib 42—30 
Multiple-deck cages 12-97 
Multiple-expansion engines 89-17 
Multiplication, algebraic 86-02 
Multi-stage cei^trifugai pump 13-14 
Murray mine, cost of exploration 10-38 
Muscoda No 6 mine, machine loading 10-105 
Muscovite, occurrence of 2-32 
Myers- Whaley loader 87-04 
rook shovel 87-88 


Nacodoches oil mining 44-84 
Nadir 17-60 

Nails assay method 80-09, 80-10 
listed 48-86 

Nanticoke mine flood 13-02 
Naperian logarithms of numbers 48-48 
Nascent cyanogen 83-08 
Natalie colliery methods 10-496 
National drilling rig 9-16 
Labor Relations Act 22-10 
Native copper deposits 2-23 
silver ores 2-25 

Natomas Co, resoiling dredge 10-599 
Natural cement, source of 2-29 
flow of oil wells 44-03 
gas, composition 2-31 
in mine air 83—06 
splitting of air 14-33 
trigonometric functions 48-28 et seq 
ventilation 14-02, 14-34 et seq 
Nautical measure 45-46 
Navier's hypothesis 43-18 
Neck, volcanic 2-10 
Negaunee, Mich, hand stoping 10-126 
mine shaft pocket 12-121 
top-shcing 10-311 
Nepheline^syenite 2-06 
Nesquehonmg tunnel coal workings 10-497 
Neutralizing acid mine water 13-21 
Nevada, arbitration in 88—18 

Cons Copper Co, accounts 21-38 
block-caving 10-357 
boring record 10-48 
Chino mine 10-438 
churn-drill samples 10-45 
scraper 27-26 
open-pit benches 10-470 
Ruth mine 10-437 
dragline dredging 10-606 
ref to mining law 24-18 
test-pitting in 10-23 
Nevada-Mass mine, methods 10-279 
Nevada Wonder mine, chute 10-403 
filled stope 10-239, 10-241 
New Brunswick, mimng law 24—84 
New Caledonia nickel ores 2-27 
New Cornelia mine, borehole records 10—47, 
10-48, 10-50 
boring at 10-68 
open-pit mine 10-446 
ore bin 12-130 
New Guinea, dredging 10-697 
hydraulic mine 10-670 
hydraulic stripping 10-459 
Newhouse tunnel, cost 6-28 
New Idria mine, belt conveyer 10-417 
deep-hole hammer drilling 10-71 
open-pit mine 10-454 
recovering timber 10-223 
New Jersey zinc ores 2-23 

Zinc Co, mining method 10-389 
New Kleinfontein mine, ropeway 10-416 
Newmarket Zinc Co, bore testing 10-65 
trolley locos 11-40 
New Mexico, ref to mining law 84-18 
New Modderfontein mine, development 10-91 
sand filling 10-422 
New Orient mine, entry boring 9-08 
hoisting 12-59 

Newport mine, shaft-sinking 7-08 
sub-level caving 10-332 
Newsom classifier 10-627 
Newstead, Victoria, resoiling dredge 10-699 
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N Y Barge Cani^, wash-boring 9-03 
leveling rod 17-08 
New Zealand dredge 10-577 
Nickel) ores of 2-26 
assaying 80*18 

Nickel-plate ore deposit, B C 2-25 
Nigeria, tin mining with gravel pumps 10-575 
Night-shift work, limits on 82-17 
Nip angle, cone crusher 28-09 
gyratory crusher 28-06 
jaw crushers 88-08 
of rolls 88-10 

Nipissing mine, fineness of grinding 88-11 
prospecting 10-30 
Niter for assaying 30-06 
assay method 80-09, 80-10 
Nitramon explosive 4-10 
Nitrates, occurrence of 2-33 
Nitrification of sewage 88-88 
Nitrogen in mine air 88-04 
from strata 28—11 

Nitroglycerin, explosion reactions 4-02 
Nitrous fumes in mine air 28-06 
oxides, physiological effect 83—18 
N’Kana mine, machine loading 10-105 
scrapers 10-419 

Nome beach placers 10-535, 10-539 
buried beach placers 10-536 
cold-water thawing 10-617 
drift mining 10-611 
hydraulic elevators 10-573 
Nomenclature of welding 43-49 
Non-metallic mineral deposits 2-28, 10-06 
Non-mineral lands, laws 84-18 
Noranda Mines, accounts 81-38 
activated sludge plant 88-88 
chute-gate 10-408 
clothes lockers 82-21 
diamond drilling 9-58 
sub-level stoping 10-186 
Nordberg-Butler shovel 87-28 
in drift mine 10-610 
Norite 2-04 
Normal fault 2-13, 2-16 
Norod plunger pump for oil 44*08 
Norris Dam, cableway 26-48 
North Bloomfield hydraulic mine 10-665 
undercurrent 10-669 

North Broken Hill mine, string surveys 18-24 
North Butte mine, labor standardization 88—05 
North Dakota, ref to mining law 24-18 
North Kearsarge mine, open stoping 10-174 
North Star mine, development 10-88 
go-devil plane 10-414 
open stoping 10-166 
shaft mucking 7-10 
shaft sinking 7-06 
vein 10-12 

Northumberland pillar robbing 10-603 
Northwest Terr, mining law 24-81 
Norton coal mine, V system 10-610 
Norwood- White Coal Co drop-shafts 8-12 
Notes on maps 17-14 
mine-survey 18—82 
sampling 85—16 
stadia surveys 17—48 
survey, adjusting 17-30 
underground geology 19-08 
U 8 land surveys 17-82 
Notice of location, recording 84*18 
Novaculite, occurrence of 2-28 
Nova Scotia gold ores 2-25 
mining law 84-86 
prospecting in 10-29 


Nozzles, flow through 88-07 et $eq 
flow of gases through 39-05 et seq 
hydraulic-mining 10-664 
std, for compressor tests 15-58 
water thrown by 83-51 
Numbering of survey stations 18-03 
Numbers, Naperian logs of 45-48 
properties of 46-86 et aeq 
Nunler elec prospecting method lO-A-17 
Nystagmus 83-81 

Oak wood, properties 43-81 
Oatman, Ariz, lease royalties 82-09 
Oblique triangles, solution of 36-19 
Observations, geologic, underground 19-08 
Obstacles, surveying past 17-27 
Obstructions in airways 34-31 
Occupational diseases 22-11 
Oceanic quicksilver mine, top-slicing 10-321 
Ocher 2-32 
nature of 1-51 
Ocbsenius bar theory 2-32 
Octagonal shaft 7-03, 7-08 
Odometer 17-02 
Odors in water 22-87 
Oehman borehole surveying 9-67 
Oersted 42-02 

Offsets, underground surveys 14*15 
Oglebay Norton mine signals 12-89 
Ohio coal mining 10-494 

Copper Co, leaching ore 10-400 
Ohm 42-02 
Ohm’s law 42-04 
for a-c circuits 48-14 
Ohnesorge sheave for hoisting 12-04 
Oil as boiler fuel 40-12 
Oil, cable-tool drilling 9-09 et aeq 
consump, Diesel engines 16-08 
for drill lubrication 15-89 
rotary drilling 9-16 et aeq 
for safety lamps 83-25 
transport of 44-85 
typical occurrences of lO-A-26 
wells 44-03 et aeq 
Oils, heating values of 89—81 
lubricating 41-18 
Oilwell-Hiid rotary drill 9-17 
Ojuela tunnel, cost 6-28 
machine loading 10-103 
procedure 6-18, 6-19 
round 6-10 

Oklahoma coal mine subsidence 10-628 
cost of oil wells 9—39 et aeq 
pumping jack 44*18 
temperature profile lO-A-27 
Oklahoma City oil field costs 44-07, 44*17 
oil field, gas-lifting 44-08 
oil field practice 44-14 
oil-well drilling 9-17 
Old Domimon nune, steam hoist 12-61 
lines, re-running 17-29 
workings, approaching 13-04 
Oliver filter 83-20 

Iron Min Co car 11-07, 11-09 
concrete shaft sets 7-18 
cost of track 11-26 
jackhammer drifting 10-99 
radial slicing 10-335 
trolley locos 11-39, 11-40 
Omega Hill hydraulic mine 10-558 
One-man surveys 18-84 
Ontario mine, stringer seta 10-233 
mining law 84-85 
Nor, camp buildings 10-78 
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open stopes 10-132 et seq 
square-eetted 10-226 
ventilating 14-19 
Open-cut blasting, examples 5-13 
machine drilling 5-08 et Mq 
mining 10-430 et eeq 
Open-end mine car 11-05 
Openings, ventilation 14-04 
Open-pit mine subsidence 10-527 
Open-tank timber treatment 10-236 
Operating a-c generators 42-lT 
capital 21^-29 
cycles, mechanized 27-20 
induction motor 42-21 
methods, examination of 20-02 
storage batteries 42-36 
synchronous motors 42-19 
Ophicalcite 2-09 

Ophir HUl Cons Min Co, auger sampling 9-04 
Orchard coal seam, mining 10-499 
Ore 2-18, 10-06 
bins 12-126 et eeq 
carrier, tramway 2(5-19 
deposition in oxidized zone 10-18 
deposits, classified 2-20 
geology of 10-06 et aeq 
' localization 2-19 
minerals 10-06 
classified 2-19 
occurrence of, 

Alaska Gastineau mine 10-296 

Alaska Juneau mine 10-292 

Alaska Treadwell mine 10-287 

Andes Copper Mining Co 10-366 

Ariz Copper Co 10-248 

Avery Island salt mine 10-178 

Beatson mine 10-290 

Bingham, Utah 10-205 

Block P mine 10-239 

Blueberry iron mine 10-312 

Braden mine 10-361 

Bunker Hill & Sullivan mine 10-209 

Burra Burra mine 10-69, 10-186 

Butte, Mont 10-198 

Calumet A Ariz mine 10-227 

Calumet conglomerate 10-167 

Campbell mine 10-228, 10-266 

Cananea, Mex 10-69 

Caspian nune 10-310 

Champion mine 10-262 

Chandler mine 10-334 

Chief Cons mine 10-69 

Chino mine 10-438 

Chuquicamata, Chile 10-460 

Climax mine 10-367 

Clinton hematite 10-33, 10-160 

Cobalt, Ont 10-30, 10-277 

Cold Springs ferberite 10-68, 10-245 

Creighton mine 10-289 

Cripple Creek, Colo 10-166, 10-286 

Cuban iron ores 10-64 

Cuban manganese 10-456 

D. C. & E. mine 10-138 

Detroit rock salt 10-149 

Duluth mine 10-386 

Eagle Picner mine 10-69 

Edwards zinc mine 10-68, 10-169 

El Potosl mine, Mex 10-66, 10-168 

Empire Zinc Co 10-70 

Eureka-Asteroid mine 10-331 

Fierro, N M 10-166 

Flin Flon mine 10-191, 10-453 

Florida phosphates 10-56 

fluorspar. 111 10-280 

11—88 


Ore, ooourrenoe of, Franklin mine 10-^89 
Fresnillo, Mex 10-432 
Frood mine 10-200 
Gogebic Range 10-329 
Golden Messenger mine 10-170 
Golden Queen mine 10-300 
Golden Ridges mine 10-469 
Goldfield Cons 91-6i 
Ground Hog mine 10-207 
Hartley mine 10-138 
Herman mine, Cal 10-171 
Hidden Creek mine 10-620 
Hollinger mine, Ont 10-68, 10-278 
Homestake mine 10-287 
Horne mine, Noranda, Que 10-186 
Humboldt mine, Ariz 10-346 
Inspiration mine IOt-354 
Iron River diet 10-309 
Josie mine, B C 10-66 
Kalgoorlie, Australia 10-262 
Kennecott mines 10-286 
Lake Shore mine 10-206 
Lake Superior iron ores 10-61 
Liberty Bell mine 10-166 
McIntyre Porcupine mine 10-241 
Magma mine 10-387 
Marquette Range 10-167, 10-311 
Mascot mine, Tenn 10-169 
Matahambre mine 10-261 
Mercur, Utah 10-337 
Mesabi Range 10-62, 10-302 
Miami, Ariz 10-318, 10-347 
Mich amygdaloids 10-172 
Mich copper mines 10-36, 10-83 
Mich iron ores 10-178 
Mineville, N Y 10-63, 10-142 
Montreal iron mine 10-333 
Morenci, Anz 10-248, 10-449 
Morenci-Metcalf diet 10-313 
Morning mine 10-69 
Morro Velho mine 10-86 
Mt Hope mine, N J 10-282 
Mt Isa mine 10-193 
Moury mine, Anz 10-343 
Nevada-Mass tungsten mine 10-279 
Nevada Wonder mine 10-241 
New Cornelia mine 10-446 
New Idrin mine 10-71 
North Star mine 10-166 
Nor Rhodesia 10-60 
Oceanic quicksilver mine 10-321 
Park City, Utah 10-141, 10-262, 10-319 
Parral, Mex 10-265 
Pewobic iron mine 10-342 
Pilgrim mine, Anz 10-154 
placers 10-633 
Porcupine, Ont 10-40 
Porphyry coppers 10-67 
Quests molybdenum mine 10-245 
Ray mine 10-69, 10-354 
Rio Tmto mine 10-176 
Roan Antelope mine 10-179 
Roseberry mine, Tasmania 10-71 
Rouyn, Quebec 10-30 
Ruth mine 10-367, 10-437 
Sherritt Gordon mine 10-143, 10-166 
Soudan iron mine 10-247 
S E Missouri 10-63, 10-136 
S W Wisconsin 10-66 
Tilly Poster nune 10-176 
tin in Malaya 10-619 
Tiro General mine, Mex 10-260 
Tobin iron mine 10-344 
Tonopah, Nev 10-166 
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Ora, ooourrenoe of, Tri-State diet 10-64, 1 0-137 
United Verde Ext mine 10-231 
United Verde mine 10-36, 10-67, 10-248 
Utah Copper mine 10-440 
Utica iron mine 10-308 
Victoria mine, B C 10-264 
Walker mine. Cal 10-283 
W Australia 10-32 
Witwatersrand 10-31, 10-144 
Wright-Hargreaves mine 10-165 
sale of 89M>2 ei seq 
veins, minerals of 1-10 
Ore-dressing machines, testing 31-10 
Oregon, hydraulic mine 10-669 
ref to mining law 84-18 
Ore-pass system, Braden mine 10-362 
“Ore in sight” 25-18 
Ores, adaptability to cyamdation 33-06 
magmatic 10-08 
resistivity of lO-A-36 
Oreshoots 10-16 

effect on development 10-86 
Organization for fire-fighting 23-51 
of a large mine 20-03 
for mine rescue 23-59 
for mine safety 23-66 
for shaft-sinking 7-04 
for tunneling 6-02 
Orient shaft, hoisting speed 12-46 
Orienting aerial photos 17-52 
drill holes 9-64 

Orifice, disch of air through 15-53 
meter for comp air 15-50 
Orifices, flow through 38-07 et seq 
flow of gases through 39-05 et seq 
hydraulic 38-08 
ventilating 14-30 
Origin of explosions, tracing 23—46 
of mineral deposits 10-06 
Original mine headframe 12-73 
Ormerod detaching hook 12-116 
Oroville, Cal, dredging 10- 688 
placer deposits 10-635 
Orsat gas-analysis apparatus 83-30 
Orthorhombic crystals 1-04 
Osceola lode, mining methods 10-172 
Oscillating coal-sizing screens 34-17 
Osmium, occurrence of 2-27 
Ottange 2 mine, shaking chute 10-416 
Otter Cr, Alaska, cold-water thawing 10-fll8 
Otto cycle 39-18, 39-19 
indicator card 40-39 
Otto-Wilputte coke oven 35-37 
Outbursts of gas in mines 23-09 
Outcrop 2-16 

buried, chip sampling 10-67 
of vein, plotting 10-28 
Outcrops cutting claim boundaries 24-22 et seq 
migration of 10-27 
of ore 10-05 

Outfit for mine exams 25-30 
Overbreakage 6-02, 6-27 
Overburden, measuring by resistivity lO-A-14 
Overcasts, ventilating 14-13 
Overcut chute-gate 10-410 
Overhand stopes 10-160 et seq 
stoping 10-124, 10-127 
summary 10-197 
Overlap, sedimentary 2-16 
Over-stroking of oil-well pumps 44-18 
Overstrom Universal table 85-81 
Overwinding allowance 12-62 
by elec hoist 16-10 
in shafts 12-116 et eeg 


Owens borehole surveying 9-67 
Owyhee tunnel, procedure 6-19, 6-20 
Oxidation affecting mine air 83—08 
of orebodies 10-18 
of sulphide ores 10-17 
Oxides in rocks 2-02 
Oxidization minerals 1-10 
Oxidizing agents in cyanidation 33-08 
Oxygen consumption by breathing 28-15 
in cyanidation 38—07 
deficiency, effect on lamps 83-26 
depletion in mine sir 23-08, 28—16 
in mine air 23-04 

Oxygen-breathing apparatus 83-55 et seq 
Ozoceiite 2-31 
nature of 1—61 


Pachuca cyanide tank 83-17 
cyamding cost 33—30 
Pack, timber, Rand 10-148 
Packing of ore 11-02 
Packwalls 10-162, 10-163 
Paints, mineral 2-32 
Paleozoic rocks 2-18 
Palladium, assay for 30-16 
occurrence of 2-27 
Palong, Malayan 10-621 
Pamlico mine, tracing float 10-22 
Pan amalgamation 31—15 
assays 30-02 

conveyers, coal preparation * 35—10 
gold washing 10-637 
loading, for shaft-sinking 7-11 
Panel slicing 10-316 
Panels, coal mining 10-488, 10-493 
Pangbom dust collector 35—28 
Panning, exploration by 10-22 
gold 10-537 

prospecting by 10-27, 10-29, 10-32 
tests 31—11 
Pantograph 17-10 

P. A. P. alluvial prospecting drill 0-0£ 
Papua, dredging in 10-599 
Parabola, equations of 36—23 
formulas for 86-02 et seq 
geometry of 86—10 
mensuration of 36—12 
plotting 26—06 

Paraboloid, mensuration of 36-15 
Parallel axis theorem 86—45 
line surveying 17-28 
operation of d-c generators 42—09 
slicing, Mesabi 10-303 
Paralleling of a-c generators 42-17 
Parallelogram, area of 36-11 
of forces 86-29 

Parallelepiped, mensuration of 86-13 
Parallelopipedon of forces 36-30 
Pardee Dam, tramway 26—32 
Park City, Utah, breast stoping 10-141 
Cons Mines Co, methods 10-262 
hand drilling in stopes 10-125 
Parkersburg oil-well pump 44-17 
Park-Utah mine car 11-11 
scraper loading 27—80 
scraping 10-211 
signal system 12-88 
tunnel set 6-22 

Parral, Mex, filled stoping 10-265 
Parrish screen 35-06 
Partial pressure 89-25 
Particle size, determining 81-06 
Parting of gold-silver beads 38-14 
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Partitions in frame buildings 22-87, 48-40, 
43-41 

Pascal’s law of hydrostatics 88-04 
Passageways, air currents in 14-09 
Passenger tramways 26-44 
Passing point of cages in shaft 12-10 
Patent, proceedings for 24-08, 24-13, 24-19 
survey 17-67 

Pato Cons Gold Dredging, Ltd, data 10-598 
Patronite, nature of 1-61 
Paul oxygen apparatus 23-66 
Pay-days, interval 22-10 
Payment for metals in ores 82-06, 32-14 
Payroll 22-10 
sheet 20-09, 20-11 
Paysant lettering pens 17-14 
Pay streak 10-534 
Peabody Coal Co methods 10-491 
Peak load, elec 42-38 
Pearce-Low method for tin 30-18 
Pearhte 2-04 
Peat 2-29 

Pechelbron oil mining 44-24 
Pecos mine, drift round 10-99 
raise round 10-114 

Pedometer 17-02 

Peg method of level adjustment 17-08 
mine models 19—09 
Pegmatite 2-04 
minerals of 1-10 
Pellet powder 4-08 

m coal mines 23-36 
Pelton water wheel 4(^24 
for hoist 12-59 

Pemberton Coal Co, mechanization 27-24 
Penalties on smelting ores 32-06, 32-12 
Pendulum readings lO-A-06 
Pendulums, gravimetric-survey lO-A-03 
Pensions 22-14 
Trail, B C 22-17 

Penna anthracite, boring for 10-37 
arbitration in 22—18 
cost of oil wells 9-36 
labor law 22-16 
Pentice, shaft-sinking 7-05, 7-11 
Perch measure 46-62 
Percolating bed for sewage disposal 22-32 
Percolation in cyanide tanks 83-16 
cyanide tests 31-17 
Percussion, center of 36-67 
Perfect-discharge elevator 27-32 
Perforating oil-well tubing 9-28 
Peridotite 2-06 
Periods, geologic 2-17 
Permanganate method for antimony 30-19 
Permeability, magnetic 42-04 
Permissible electric lamps 28-27 
explosives 4-06, 4-22 
gases from 23-08 
safety lamps 28—26 
Permutations 36-08 
Perpendiculars, constructing 36-08 
Perry formulas for missing water 39-16 
Persia, oil-well practice 44-06 
Pertenencia, Mexican 24-38 
Petroleum, composition of 1-61 
lease, Alberta 24-32 
Saskatchewan 24-86 
mining 44-24 
occurrence of 2-31, 44-02 
origin of 2-31 
prices of 26-24 
sp gr of 2-31 

Pewabic mine, block-caving 10-340, 10-342 


Phanotron rectifier 42-24 
Phase connections, induction motors 41-19 
Phases of synchronous motors 42-18 
Phelps Dodge Corp, accounts 21-33 
Ajo, Ariz, open-pit mining 10-446 
prospect drilling 10-58 
Bisbee, Ariz, glory-hohng 10-460 
Mitchell slicing 10-228 
top-slicing 10-316 
boring records 10-47 et seq 
Clifton, Ariz, combination method 10-384 
diamond drilling 9-61 
Jerome, Anz, calyx boring 10-121 
diamond-drilling 10-67 
filled nil stope 10-273 
flat-back filled stope 10-248 
open-pit mining 10-441 et seq 
timber treating 10-236 
top-slicing 10-320 
mine dwelhngs 22-26 
Morenci, Anz, block-caving 10-345 et seq 
combination method 10-384 
fiat-back filled stope 10-248 
inclined top-slicing 10-322 
open-pit mining 10-449 
Morenci-Metcalf, top-shcing 10-313 et seq 
shoveling data 10-103 
Warren, Anz, filled nil stope 10-2^6 et seq 
Phenocrysts 2-03 
Philadelphia leveling rod 17-08 
Phila & Reading C & I Co, costs 21-36 
Philippine Is, public lands 24-06 
Phillips cross-over dump 11-31 
Phlogopite, occurrence of 2-32 
Phonohte 2-06 

Phosphate, Fla, bore testing 10-66 
mining 10-469 
stripping 3-16 
mimng law, B C 24-34 
mining, Tenn 10-467 
rock, prospecting 10-33 
Tenn, bore testing 10-66 
Phosphates, mineral 2-32 
prospecting for 10-24 
Phosphorus, salt of 1-09 
Photo-elec cells 16-21 
Photographic borehole surveys 9—67 
surveying 17-48 
Photographs, aerial 17-49 
Photo-magnetic borehole surveying instruments 
9-64 

Photostat prints 17-11 
Physical properties of rocks lO-A-30 et seq 
Picher dietr, shoveling 10-134 
No 1 mine, Okla 10-137 
Pick breaker for coal 36-08 
Pickands Mather & Co, scrapers 10-419 
Picking tables for coal 36-03 
Pick-up of d-c generator 4St-09 
Picric acid as explosive 4-06 
"Piece-rate” system 22-05 
Pierce Co, Wash, pillar drawing 10-603 
coal mining 10-501 
Piercing, prospecting by 10-24 
Piezometer 38-29 
Pigments, mineral 2-32 
prices of 25-24 
Pigsty es, Rand 10-148 
Pilares mine, shaft-raising 7-12 
shaft, cost 7-24 
Pile foundations 48-08, 48-09 
Pilgrim mine, underhand stoping 10-154 
Pillar, concrete 10-135 
fencing 10-249 
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Pillar mining of coal 10-472 
Franklin mine 10-669 
Miami mine 10-681 
spacing 10-171, 10-173 
work, mechanized 27-19 
Pillar-caving, DeBeers mines 10-393 
mining methods 10-371 
Pillar-and-chambet workings 10-176 ei aeq 
Pillars, artificial 10-163 
in breast stopes 10-134 
coal, robbing 10-601 et aeq 
coal mine, size of 10-476, 10-478, 
10-491 

effect on subsidence 10-624, 10-530 
mining 10-123 
of ore 10-162, 10-163 
Rand 10-146, 10-148 
percentage of ore in 10-136 
recovering ore m 10-136 
reinforcing 10-134 
strength of 10-630 
sub-level caving 10-327 
Pilot null advocated 81--02 
raises 10-109 
treatment plant 26-23 
Pine wood, properties 43-30 
Pin-terminal rail bonds 16-07 
Pioneer mine, raise round 10-113 
Pipe coverings 41-18 

fittings 41-16, 41-17, 41-18 
friction in 15-14 
iron and steel 41-18 et aeq 
lines, design of 88-82 
for oil 44-26 
water-supply 88-82 
sampling 29-08 
standard sizes 88-17 
ventilating 14-13, 14-15 
Pipes, flow in 38-11 et aeq 
flow of gases in 89-08 
flow of water m 38-12 et aeq 
for flushing mines 10-616 
friction of water in 13-08 
hydrostatic press in 86-07 
for sand filling 10-423 
steam 40-21 
stresses in 88-21 
Piping over side 10-660 
for pumps 40-38 
Piston air drills 16-29 
drills in mines 10-94 
in shaf ts 7-06 
speed, determining 86-04 
hoisting engines 12-46 
valves on steam hoists 12-51 
Pit sampling 86-10 
Pit-car loaders 27-16 
Pitch circle of gears 41-02 
Pitchblende, occurrence of 2-27 
testing for 10-26 
Pitches and fiats 10-16 
Pitching coal seams, development 10-479 
. longwall 10-607 
mining 10-496 
stripping 10-468 

Pitot tube for air measurements 14-22 
for gases 89-08 
hydraulic 88-80 

Pits, prospecting 10-22, 10-26, 10-33, 10-34 
Pittsburgh Coal Co, accounts 21-88 
cost of track 11-26 
mine oar 11-06 
sampling schedule 85-12 
reipon, coal mining 10-483 


Placer claim, locating 24-09 
nature of title 24^20 
survey 24-19 
claims, B C 84-83 
Calif 24-16 
laws on 24-14 
NW Terr 84-81 
survey of 17—67 
deposits 10-17, 10-633 et aeq 
drills 9-41 
gold deposits 2-26 
gravel, Empire drilhng 9-06 
numng 10-633 et aeq 

methods classified 10-640 
sampling 26-18, 26-14 
Placers, examination of 25-29 
test-pitting in 10-23 
Placing concrete 43—11 
Plagioclases 1-06 
Plane, equations of 86-24 

motion and rotation 36-56, 86-67 
Planes, self-acting, curves on 11-18 
Plane-table surveys 17-46 
Pianimeter 17-09 
Planimetric map 17-62 
Plank, allowable loads on 48-86 
chutes 10-403 

Plant, surface, for tunneling 6-06 
Plants storage battery 42-35 
Plaster, testing on 1-08 
Plastering in buildings 43-41 
Plate amalgamation 81—16, 83—02 et aeq 
feeder for coal 36-08 
Plates, steel, in sluices 10-668 
Platinum dredging, Alaska 10-694 
metals, assaying 30-16 
sources of 2-27 

Plat-O coal-washing table 86-80 
Pleistocene rocks 2-18 
Plotting traverses 17-11 et aeq 
Plowing in earth 3-06 
Plow-steel hoisting ropes 12-19 
Plug and feathering 5-24 
Plugs for underground survey stations 16-02 
Plumb-bobs, surveying 18-06 
Plumbing shaft instrumentally 18-21 
in taping 17-18 
Plunger pump 40-29 
Pneumatic flotation, testing 31-18 
shaft-sinking 8-12 et aeq 
signals for shafts 12-86 
Pneumatogen apparatus 28-65 
Pocahontas field coal mining 10-487 
Pocket compass 17-06 
Pockets, coal-loading 84-14 
shaft 12-119 ei aeq 
in square-set stopes 10-212 
Pod auger boring cost 9-04 
Pointing holes in headings 10-94 
Poise 88-03 

Poisoning by cyanide 88-80 
Poisson’s ratio lO-A-21, 48-02 
ratios for rooks lO^A-38 
Polar distance of Polaris 17-26, 17«2t 
Polaris, observations on 17—26 
Poles and cross-arms 16-06 
for elec distribution 49-80 
PoUsh rod, oil weU 44-16, 44f>17 
Polished surfaces, exam of 1-09 
Polishing commutators 42-09 
Polyconic projection 17-18 
Polygon, area of 86-11 
moment of inertia 86-47 
Polyphase circuits 42-16 
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Polyphase transformations 42<->16 
Pontoon hull for dredges 10-581 
Pony sets 10-351, 10-376, 10-380 
Pooled comp fund 21-05 
Pools, petroleum 2-31 
Porcupine, Ont, diamond drilling 10-40 
headframe 12-69 
Pore space fillings 10-16 
Porosity of brick 48-10 

measurements in wells lO-A-20 
of rocks lO-A-38 
Porphyritic texture in rocks 2-03 
Porphyry copper deposits, boring m 10-57 
test boring 10-74 
mines, haulage in 10-90 
stripping limits 10-470 
Porphyry shaft, Ariz, cost 7-26 
Portable cable-tool rigs 9-14 
churn drills 9-41 
compressors 15-16 
gas analyzers 23-80 
magazine for explosives 4-16 
steam hoists 12-60 
Portland cement, properties 48-09 
sources of 2-29 
mine, overhand stoping 10-166 
tramming 11-32 
Porto Rico, public lands 24-05 
Post brake for hoists 12-16 
Post-butting square-sets 10-214 
Post-hole digger 9-04 
Posting notice on claim 24 - 13 , 24-18 
Posts, sill-floor 10-220 

spacing in square-sets 10-213 
Potash for assaying 8 ( M >5 
deposits 10-16 
salts, diamond drilling 9-60 
Potassium salts, occurrence 2-32 
Potential control for d-c motors 42 - 02 , 42-11 
of induction motor 42-20 
ratio elec prospecting method lO-A-17 
Potosf, Bolivia, hand drilling in stopes 10-125 
Potrerillos, Chile, block-caving 10-365 
Potsdam gold ore, So Dak 2 -25 
sandstone for building 2-28 
Powder consump in drifting 10-93 
drift 10-296 
Power 36-58 

of alt current 42-14 
for anthracite breakers 84-26 
of belts 41 - 04 , 41 , 05 , 41-07 
for bucket elevators 27-33 
for coal crushing 35-08 
comp-air 15-02 et aeq 
for compressors 15 — 03 , 15-06 
for cone crusher 28-09 
consumed, Alaska Treadwell 21—11 
Goldfield Cons 21-06 
conversion factors 89-20 
cost of 4 ( M )0 et aeq 
for crushing rolls 28 - 11 , 28-12 
diagram, conical-drum hoist 12-34, 12-37 
cylindro-comcai hoisting drum 12-40 
for dragline dredging 10-601 
for dragline excavators 10-466 
for dredges 10-684 
elec, for mines 16—02 et aeq 
units of 42-02 

excavators in placer mining 10-649 
factor of alt current 42-14 
of induction motors 42-19 
for feeders 27-86 
generation, costs of 40-07 
for gravity stamps 28-14 


Power for gyratory crushers 28 - 06 , 28-06 
for hoisting 12-60 
hydro-elec, cost of 10-696 
for jaw crushers 28 - 03 , 28-04 
lines in mines 28—60 
measurement of 40-44 
for nune fans 14-61 
plants, electric 42-24 
heat rates of 40-04 
requirements, mining, etc 40-03 
in rope drives 41 - 10 , 41-11 
scrapers in placer mining 10-645 
shovel for coal stripping 10-464 
in placer mining 10-646 
shovels 3-08, 3-15 
economics 3-02 
in open-cut mines 10-434 et aeq 
in stopes 10-421 
systems 40-02 et aeq 
tramway 26-24 
for tube-mills 88-12 
ventilating-current 14-24 
for ventilating mines 14-07, 14-33 
Power-driven tramways 26-27 
Power-factor meter 42-08 
Power-plant testing 40-43 
Power-shovel tonnage estimates 10-74 
Powers, algebraic 36-04 
Pre-Cambrian rocks 2-17 
Pre-cast shaft sets 7-18 
Precipitates, rock-fornung 2-09 
Precipitation from cyanide sols 88 - 08 , 88 — 10 , 
33—22 et aeq 

of sulphide ores 10-19 
Precise leveling 17-86 
levels 17-09 

Precision in surveys 17-17 
Preformed wire rope 12-21 
Preliminary RR survey 17-60 
Premature blasts 23-36 
Premier diamond mine, open-cut 10-433 
Preparation of coal 31^8 et aeq 
‘‘Prepared sizes’’ of anthracite 34-02 
Present worth of money 48 - 02 , 45-54 
Preservative treatment of timber 7-17, 10-235, 
43-33 

Presidio mine, drift round 10-100 
Pressure for air drills 15-85 
atmospheric 38-08 
measuring 14-23 
due to explosions 23-46 
gage, recording 14-24 
gages 40-44 

hydraulic, measuring 88-29 
hydrostatic 38-04 et aeq 
maintenance in oil wells 44—04 
mean effec 39 - 04 , 89 - 16 , 39-18 
of mine air 14-03, 14-07 
of mine fans 14-46, 14-62 
of mud fluids 9-20 
natural, of gas 44-02 
natural-draft 14-35 
potential, airwaj^s 14-82 
on shaft walla in soft ground 8-02 
staging of turbines 40-16 
steam, for hoists 12-46 
system of ventilation 14-06 
in ventilating circuits 14-26 
Prevention of mine fires 28-49 
Prices of metals, etc 25-23 et aeq 
Primacord blasting fuse 4-28 
Primary elec batteries 42-36 
minerals 1-10 
Primers, blasting 6-12, 6-13 
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Prifttinf in boilers 40-t0 
centrifugal pumps 13-19, 
of explosives 4-19 
of pumps 40*^9 
Priming-pumps 13-20 
Prince Leopold mine, top^licing 10-324 
Principal point 17-60 
Prins multi-flow coal washer 86-30 
Prismatic compass 17-06 
telescope on transits 18-11 
Prismoidal formula 17-88, 86-16 
Prisms, mensuration of 86-18 
Private lands, minerals on 34-06 
Probability 86-06 
Probing, prospecting by 10-24 
Problems, mine-survey 18-38 
Producer gas for dredge fuel 10-699 
Producers, gas 40-42 
reactions in 89—38 
Production cost, estimating 35-33 
Products made from minerals 1-12 
Profile leveling 17-36 
paper 17-10 

Profit, daily estimate 30-08 
from mechanization 37—30 
Prony brake for measuring power 40-44 
Propagation of explosions 33-48, 38-44 
Propane in mine air 33-06 
Propeller fans 14-41 
Propelling force of explosives 6-17 
Property boundaries, legal 17-29 
Proportion, mathematical 86-06 
Proportioning concrete 43-10, 43-11, 43-13 
Proprietary mine, NSW, filled stope 10-269 
Props in barricades 10-518 
top-filicing 10-299 
Prop-slicing 10-299 
Mesabi 10-307 
Prorating of oil wells 44-04 
Prospect 10-03 
shaft, cost 7-23 
Prospecting 10-03 
with augers 9-03 
with churn drills 9-41 et seq 
concession, Mexican 34-39 
conditions for 10-04 
cost of 10-05 
equipment, etc 10-77 
geological data for 10-06 ei aeq 
methods 10-21 et seq 
permits, XJ S 24-12 
placer grayel 10-606 
Prospective ore, estimating 36-22 
Prospects, valuation of 25-27 
Protecting trolley wife 16-07 
Protective clothing for miners 23-37 
Proto oxygen apparatus 28-66 
Provisions for prospectors 10-78 et aeq 
Proximate coal analysis 2-29, 80-20 
Psychology of sampling 29-02 
Psychozoic rocks 2-18 
Psychrometers 28-02, 23-03 
Public domain, U S 24-04 
Puddling clay 10-620 
Puertocitos, Mex, open-cut mine 10-431 
Pull in taping 17-18 
Pulleys for belts 41-07 
PuUing of nails 48-87 
stumps 3-12 
Pulmotor 28-67 
Pulp consistency formulas 81-21 
Pulverized coal fuel 40-13 
Pumice 2-04 
Pump, air-lift 10-48 et seq 


Pump, for concreting 6-24 
rooms 13-16 

Lansford, Pa 13-06 
Pumping by comp air 10-42 
at Fla phosphate mines 10-469 
jacks, oil-well 44-18 
oil wells 44-12 et aeq 
station, Greenwood colliery 13-17 
Hazleton shaft 13-07 
Pumps 40-28 et aeq 
diamond-drill 9-60 
displacement 16-48 
on dredges 10-684 
elec 16-16 
for gravel 10-624 

placer mining 10-675 
for grouting 6-26 
for hydraulic stripping 10-696 
installing 40-88 
mining 13-11 et seq 
makers 16—31 
Purchased power 40-06 
Pure ores, crucible assay 80-08 
Purification of boiler water 40-20 
of water 22—27 et aeq 
Push shovels, mechanical 3-10 
Pyramid slopes 10-204 
Pyramid-cut in shafts 7-08 
tunneling 6-08 

Pyramids, mensuration of 36-14 
Pyrite in assay charges 30-09 
sale of 32-17 

Pyrotannic monoxide tester 23-80 

Pyroxenite 2-06 

Pyrrhotite in sand filling 10-421 

Quadratic equations 36-06 
Quadrilateral, area of 86-11 
Quarries, blasting in 4-24 
churn-drilling in 9-44 
fatality rates 28-87, 28-89 
underground slate 10-177 
Quarry bar 6-08, 10-86 
blasting 5-12 
tools, pneumatic 16-40 
tramway loading 26-80 
Quarrying 6-23 et seq 
Quarter-girth rule for timber 10-225 
Quartering of samples 29-08 
Quarter-section, U S lands 17-32 
Quartz-diorite 2-06 
Qugrtzite 2-09 
Qu^ernary rocks 2-18 
QtieWc, asbestoB mining 10-453 
mining law 24-36 
prospecting in 10-30, 10-31, 10-77 
Queen mine, slicing system 10-227 
Quenching of drill steel 5-06 
Questa, N M, drifting data 10-93 
resuing 10-246 
Quicklime, source of 2-28 
Quicksand, nature of 3-03 
Quincy mine, haulage in 10-90 
hoisting 12-59 
hoisting drum 12-10 
hoisting speed 12-46 
open stoping 10-174 
scrapers 27-26 
skip 12-107 
skip dumping 12-113 
Quit-claim deed 24-28 

Raccoon Bend oil field practice 44-06 
Rack-a-rock at Golden Ridges mine 10-459 



R«ck*r«iMocog 11-36 
Radial slicing 10-335 
Mesabi 10-304 
top-«licmg 10-312 

Radialaxe coal cutter IMl 
Radian 36-11 

Radiating offsets, surveying by 18-16 
Radiation of heat 39-35 
Radicals, algebraic 36-04 
Radio waves for prospecting lO-A-19 
Radioactivity of rocks lO-A-41 
surveys 10-A-~28 
testing for 10-25 
Radium, source of 2-27 
testing for 10-24 
Radius of gyration 36-40 
Rafter sets in drifts 10-108 
Rail bonding 16-07 
props, Rand 10-148 
riffles 10-566 
shipping of explosives 4-10 
stations on cableways 26-33 
Railroad cars for earth haulage 3-06 
tractive resist of 11-29 
embankments 3-18 
location survey 17—60 
work, blasting for 4-26 
Rails, adhesion to 11-36 
bending 11-17 

elec resistance of 16-04, 16-08 
steel, for mines 11-14 
Railways, industrial 3-06 
Raimund iron mine, scraper loading 27-30 
Rainfall 38-33 
Raise 10-03 

timbering 10-360 
Raises 10-109 ei seq 
branched 10-336 
glory-hole 10-461 
hand drilling in 10-119 
Miami mine 10-350, 10-379 
spacing of 10-91,11-44 
sub-level caving 10-326, 10-330 
V8 Winzes 10-120 
Raising, examples of 10-116 
through filled stope 10-118 
of shafts 7-12 
Ralph gas detector 23-28 
shaft headframe 12-72 
Rand, boring on 10-34 
cyaniding costs 33-30 
development of deep mines 10-86 
deviation of boreholes 9-63 
diamond drilling 9-69, 10-66 
diamond-drill core recovery 9-66 
explosive for shaft-sinking 7-09 
fuse Igniter 7-10 
gold mining costs 21-17 et aeq 
grinding for cyanidation 88-11 
hand drilling m slopes 10-125 
hoisting guides 12-83 
practice 12-68, 12-69 
level interval 10-91 
mining methods 10-144 et seq 
packwalls 10-163 
prospecting 10-31 
rock-bursts 28-54 
sand filling 10-421 et seq 
scraping m slopes 10-420 
shaft-sinking costs 7-29 
shaking chutes 10-415 
spacing of raises 10-92 
steam hoisting 12-61 
strength of pillars 10-630 


Rand, underground hnulage 10-90 
ventilation 14-06 

Randfontein Central shafts, hoisting 12-69 
Estates cyanide plant 88-28 
mine skip 12-110 
shaft, cost 7-30 
Random line surveying 17-27 
Randsburg, Cal, dry washing 10-540 
Range lines 17-80 
U 8 lands 17-81 
Rankine cycle 89-88, 39-40 et aeq 
formula for bins 12-131 
for columns 43-06 
for earth press 48—19 
Ranney oil-mining process 44-24 
Rantau Tin Dredging Co equipment 10-627 
Rate of combustion 39-84 
Rate-flow meter for gas 4&-45 
Rating of d-c motors 42-11 
of elec. machines 42-03 
of gas producers 40-43 
of gasolene hoisting engines 12-56 
of hoist motors 12-32 
of incandescent lamps 42-38 
of induction motors 42-19 
of mine fans 14-45 
of storage batteries 42-36 
Ratteree mining method 10-211 
Rawley tunnel 6-16 
cost 6-27 
procedure 6-24 
Ray, Ariz, enriched zone 10-20 
Ray Cons Copper Co, accounts 20-05, 20-08 
block-caving 10-364 
borehole estimates 10-76 
boring at 10-68 
churn-dnll samples 10-46 
combined method 10-374 
leaching ore 10-400 
modified system 10-378 
sloping method 10-131 
tramming 11-32 
ventilation 14-06 
Reaction steam turbines 4(^16 
water wheels 40-23, 40-24 
Reactions, explosive 4-02 
mineral-forming 10-06 
in sulphide enrichment 10-19 
Reagents, assay 30-04 
blowpipe 1-07 
flotation 31-12, 31-14 
Reamers, cable-tool 9-12 
Recalescent point of steel 5-06 
Receivers, comp-air 15-22 
Record, sampling 25-15 
of survey, Calif 24-15 
Recording elec meters 42-08 
gages, hydraulic 38-29 
Records for boring 10-47 et aeq 
daily mine 20-08 
geologic 19-04 
mine labor 20-09 
supplies 20-11 
working-face 20-08 
Reciprocals of numbers 48-26 et aeq 
Reciprocating compressors 16-02, 15-15 et aeq 
capao of 16-06 
feeder for coal 86-04 
pumps 40-29, 40-30 
rock drill 15-29 
steam engine 40-17 
Recirculation of air 14-38 
Reconnaissance survey 17-80 
Recoverable ore, estimating 25-28 
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Recovering mine timber 10-223 
ore in pillars 10-135 
Recovery of caved stopes 10-233 
in coal mining lD-472 
lUinois 10-491 
after explosions 2 S «>69 
by flotation Sl-lS 
miU 81-19 

in tin dredging 10-627 
Rectangle, geometry of 36-11 
moment of inertia 86-46 
Rectangular shafts 7-02 
Rectifiers, elec 48-24 
Reda centrifugal pump 44^*12 
gas-lift pump 44-08 
Red Cross blasting powder 4-08 
Extra dynamite 4-09 
Redding Cr., Cal, Ruble elevator 10-575 
Red Jacket shaft, Mich 10-87, 10-88 
hoisting 12-59 
workings 10-167 
Reducing power of ore 80-10 
Reduction gear for oil-well pumps 44-16 
gyratory crusher 28-08 
ratio, cone crusher 28-09 
gyratory crusher 28-06 
in ore crushing 28-02 
of rolls 28-12 
Redwood, properties 48-81 
Reed oil-well bit 9-20 
Reefs, So African 10-144 
Reels, hoisting by 12-11, 12-32 
for tapes 18-16 
Re-entry steam turbine 40-16 
Refining of cyanide precipitate 88-24 
Reflection of heat 89-86 
seismic lO-A-24 
Reflector signs in mines 23-28 
Reflectors for elec lamps 42-84 
Refraction, correction for 17-28 
seismic lO-A-23 

Refrigeration of mines 14-59 et seq, 23-14 
Refuge chambers in collieries 23-69 
holes in haulageways 28-34 
Refuse, coal, disposal of 86-14 
Regalian doctrine 84-06 
Regeneration of cyanide 33—24 
Regional-metamorphic rocks 2-09 
Regulating a-c generators 48-16 
synchronous converter 42—28 
transformers 42-28 
transmission line 42—26 
Regulations, Land Dept 24-12 
mining 24-02 

Regulators, air-compressor 16-18 
tramway 26-26 
ventilation 14-13, 14-30 
Reheating comp air 16-27 
for hoists 12-53, 12-54 
Reinforced concrete 48-12 et seq 
Reinforcement of concrete shaft lining 7-19 
Reinforcing pillars 10-134 
square-sets 10-222 
Rei^ardt lettering 17-14 
Relative humidity 28-02 
control of 28-14 
Relief on aerial photos 17-61 
Relighting safety lamps 28-26 
Relocation of claim, Calif 24 - 16 , 24-17 
Reluctance, elec, unit of 42—02 
Remote-control ventilating doors 14-12 
Renton, Wash, shale quarrsdng 10-463 
Reopening an abandoned min© 10-88 
sealed areas 23-61 


Repair of tapes 18-16 
of tramway cables 26—18 
Repairs, drill, cost of 7-07 
Repetition in angle reading 17-19 
Replacement ore deposits 10-10 
Replogle mine, shrinkage sloping 10-282 
Re]>orts on industrial accidents 82-13 
on mines 26-02 ei eeq 
writing 26-80 
Repose, angle of 3-03 
Repressuring of oil wells 44-19 et aeq 
Republic mine, chambering 10-176 
Re-running old lines 17-89 
Resampling of ore 29-11 
Re-screenmg of coal 86-07 
Rescue crews 23—67 

work, organization of 83-60 
Resection, locating points by 17-46 
Reservation of mineral lands 24-06 
of mineral rights 24-03 
of mining rights 24-06 
Reservoir press in oil wells 44-04 
Reservoirs, underground, tapping 13-04 
Residual iron ore, prospecting 10-33 
ore deposits 10-16 
placers 10-634 
Resilience 43-03 

Resistance in air currents 14-31 ei aeq 
to air flow in mines 14-08 
car and track 11-27 
of copper wire 4-31 
of d-c generator, testing 42-09 
of elec firing devices 4-30 
elec, of conductors 42-05 
units of 42-02 
of water, etc 16-09 
factor, airway 14-32 
grids for elec locos 16-12 
Resistivity measurements in wells lO-A-26 
of rocks lO-A-34 et aeq 
Resoiling by dredges 10-699 
Resolution of force 86-29 
Resonance in a-c circuits 42—16 
Respiration, artificial 23—64 
Restriction of oil wells 44-06 
Resuing 10-245 
Rand 10-146 

Resultants, concurrent forces 86-29 
graphic solution 86— 80 
nonconcurrent forces 86-32 et aeq 
Resuscitation apparatus 23-67 
Retaining walls 43-19 et aeq 
Retirement benefits. Federal 22-14 
Retorting of amalgam 83-06 
Retreat pillar robbing 10-602 

systems, amygdaloid mines 10-176 
Retreating longwall 10-506 
Retrograde vetnier 17-04 
Reverse fault 2-13 
Reversible tramways 26—36 et aeq 
ventilating fans 14-14, 14-41 
Reversing of air flow in mines 14-08 
of steam hoists 12-62 
ventilation 28—62 
Revolving dump-car 11-06 
screens, coal-sizing 84 - 16 , 84-17 
shovel, reach of 3-08 
sorting table 28-16 
Reynolds number 88-08 
for steam 40-21 

Rheinpreussen colliery drop-shaft 8-17 
Rheotaveur coal cleaner 86-18 

coal-cleaning system 84 - 11 , 84-21 et aeq 
and Stump Air-flow plant 28-88 
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Rheostat control of induction motor 4SU-JI0 
Rheostats for elec hoisting 16*419 
Rhodesia, ancient mines 10-05 
boring in 10-60 
hand stoping 10-126 
Rhyolite 2-04 

Nev, hand drifting 10-93 
Riblet tramways 26-81 
cable tension 26-16 
Rice rock-dust barrier 28-46 
Rice, G. S., on subsidence 10-521 et 8eq 
Richards coal stripping 10-469 
screen scale 31*^3 
Riffle 10-640 
samplers 29-04, 29-07 
Riffles for dragline dredging 10-601 
placer-mining 10-666 et seq 
Riffling of dredges 10-586 
Rift of bvilding stone 5-23 
Right of way for ditch 25-07 
Right-angle triangles, functions of 36-17 
Righter Coal & Coke Co, gasolene loco 11-37 
Rill, shrinkage stope 10-275 
stope 10-160 
stopes 10-131, 10-205 
filled 10-262 et seq 
Rimogne slate quarry 10-177 
Ring, circular, mensuration of 86-16 
concreting of shafts 7-19 
drilling 10-131 

Horne mine 10-190 
Mt Isa mine 10-196 
Ringrose firedamp alarm 28-29 
gas detector 28-27 
Rio Tinto, chamber mining 10-176 
copper deposit 2-23 
mine, subsidence 10-526 
Rittinger screen scale 31-03 
River-bar placers 10-635 
Riveted connections 48—47, 48—48 
steel pipe 38-18 
Rivets, listed 41-21 
spacing of 43-47 
Road building, blasting for 4-24 
cross-sections 17-87 
Roads for drills 10-37 

Roan Antelope Copper Mines, accounts 21-83 
borehole sample calculation 10-42 
dwelling 22-24 
machine loading 10-106 
mining methods 10-179 
Roasting before cyaniding 88-11 
Robbing pillars 10-601 et seq 
Robinson Deep, development 10-87, 10-144 
hoisting ropes 12-26 
refrigerating 14-60 
sand filling 10-424 
Rock 2-02 

alteration of 10-18 
broken, loading of 5-21 et seq 
bursts, Rand 10-146, 10-146 
chute, coal mining 10-497 
on dredges 10-677 
coeff in blasting 5-12 
drills 18-29 et seq 
classified 15-83 
manufacturers 15-54 
dust 23-44 

in mine air 28-11, 26-18 
section for shafts 7-03 
structure, effect on subsidence 10-625 
temperatures 28-12 
underground 14-56 
Rock'borsts in metal mines 28-54 


Rock-dust diftribiltofi 16-21, 28-47 

makers 16-31 

Rock-dusting coal mines 28-42, 28-47 et seq 
Rocker, gold-washing 10-538, 26-18 
Rock-fflldam 48-«8 
Rock-holes, coal mining 10-497 
Rocks, igneous 2-03 et seq 

physical properties lO-A-30 st seq 
toughness of 5-02 
weight of 25-21 

Rod, leveling, underground 16-14 
Rod-mills 88-12 
Rods for diamond drilling 9-46 
Rolled steel, standard shapes 48-44 
Roller-bearing mine-car wheels 11-11 et seq 
Rollers for rope haulage llr41 
Rolling of ore samples 26-09 
planimeter 17«^ 
resistance on track 11-27 
Roll-feeders 27-85 
for coal 85-04 
Rolls, coal-breaking 84-17 
crushing 28-10 et seq 

Roman method for measuring overburden 

lO-A-14 

Rondout siphon drop-shaft 8-10 
Roof, coal mine 10-473 
support. Hand 10-148 
. trusses 43-26, 48—39 
Roofing of frame buildings 48-41 
Room hoists, makers 16-61 
and pillar sizes 10-491 
work with conveyers 27—19 
Room-and-pillar coal znimng 10-474 et seq 
workings 10-149, 10-175 et seq 
in drift mine 10-610 
ventilating 14-17 

Rooms, coal mine, spacing 10-476, 10-478 
Root mean square value of alt current 42-18 
Roots, algebraic 36-04 
of numbers 45-26 et seq 
Rope and cable measure 45-46 
drive for tramway 26-26 
drives 41-09 et seq 
fastenings 12-28 
haulage 16—11 
curves on 11-18 
underground 11-41 et seq 
for mono-cable tramway 26-41 
for windlass 12-57 
Ropes for cableways 26—44, 26—46 
for diamond-drill hoisting 9-60 
hoisting 12-19 et seq 
for oil-well rig 9-11 
for underground haulage 11-41 
Ropeways, aerial, in stopes 10-416 
Roscoelite, tests for 1-61 
Roseberry mine, deep-hole hammer drilling 
10-71 

Rosiclare, 111, shrinkage stoping 10-280 
Ross shaft, cost 7-25 
Rossland, framing square-sets 10-226 
timber consumed 10-224 
Ro-tap sieve shaker 81-04 
Rotary bits, oil-well 9-20 
blowers 16-20 
vs cable-tool drilling 9-24 
car dump 11-30 
converter 16-08, 42-22 
drilling for oil 9-16 et seq 
sampling 9-31 

oil-well drill specifications 9-22 
pumps 40-81 et seq 
Rotary-drill outfits, examples 9-23 
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Rotation of hammer drills 15-45 
mathematios of 86^55 
mechanios of 86-55 
of track cable 86-17 
Rotherham oxygen apparatus 23-56 
Roto-Clone du*t coUettor 85-26 
Round, blasting, iii raises 10-109, 10-110 
in tunnels ‘6-02 et aeq 
Round Mt, Rev, borehole assays 10-44 
Round Valley tungsten mine, glory-holing 
10-463 

Rounds, drifting 10-94 et aeq 
shaft-sinking 7-07 et aeq 
tunnel drilling 6-08 et aeq 
Round-timber square-sets 10-217 
Routine of drifting' 10-106 
of raising 10-116 
Rouyn, Quebec, prospecting 10-30 
Rowe iron mine, hydraulic stripping 10-468 
Royalty, lease 28*46 
mining, NW Terr 24-31 
Rubber belts 41-06 
lining for skips 12-112 
Rubber-lined pipe for sand filling, 

Homestake mine 10-426 
Matahambre mine 10-424 
Rubber-tired haulage 27-16, 27-20 
Rubble stone, quarrying 6-23 
Rubidium, source of 2-27 
Ruble elevator 10-574 
Rules for explosive magazines 4-17 
for handling explosives 4-18 
“Run-of-mine** coal 34-02 
screens 86-06 

Runners, water-wheel 40-25, 40-26 
Running ground, tunneling in 6-26 
Runways for unloading explosives 4-17 
Rush of coal, accidents from 28-34 
Russia, band sloping 10-127 
Russian measures 45-52 
Rusty gold, source of 2-25 
Ruth mine, block-caving 10-357 
jackhammer drifting 10-99 
open-pit mine 10-437 
raise round 10-114 
Rutile, occurrence of 2-27 
Rziha, on subsidence 10-522 


Saccardo ventilating system 14-43 
Sack-borer for drop-shafts 8-17 
Sacramento glory-holing 10-460 
hoist, test of 12-52 
shaft, Ariz, concreting 7-20 
cost 7-31 

Saddle-back mine cars 11-05 
Stulls 10-162 
Saddle-reefs 2-25, 10-16 
Saddles, tramway 26-18 et aeq 
SaegmuUer solar attachment 17-26 
Safe load for concrete beam 43-16 
Safety catches on cages 12-100, 12-102 
devices, overwinding 12-116 
in elec hoisting 16-10 
factor 48-08 

hoisting cages 12-102 
hoisting ropes 12-24 
steel headframes 12-79 
wooden headframes 12-69 
filled stoping 10-273 
fuse 4- 28 
in haulage 11-45 
lamps 23-23 et aeq 
meetings 83-67 


Safety in metal mining 10-429 
in mines 23-66 
in shaft-sinking 7-06 
stops for cars 11-30 
in underground surveys 19-04 
valves, boiler 40-15 
Sag of tapes 17-18 
St Helena, Oreg, blast 5-18 
St Joseph Lead Co, machine shovel 10-136 
organization 20-02 
overhand stoping 10-239 
power-shovel 10-421 
recovering ore in pillars 10-136 
scaling roof 10-134 
St Louis-Nine Hour mining case 24-23 
St Paul iron mine, belt conveyer 10-437 
Sale of nunea, tax on 24-30 
of ore 29-11, 32-02 et aeq 
Saline deposits, source of 2-32 
minerals 1-11 
Salivation 33-06 
Salmon Cr hydraulic mine 10-559 
Salt for counteracting effect of high temp 
23-16 

dome, anomaly due to lO-A-06 
domes, formation of 2-32 
extraction by boreholes 10-398 
mining methods 10-149, 10-178 
mimng, Tex 10-418 
Salting of assay samples 80-15 
of ore sampler 21^16, 29—09 
Salts for preventing explovsions 23—48 
Salyer hydraulic mine 10-657 
Samples for ore testing 31-02 
Sampling 29-02 
for assay 30-06 
boreholes 9-31, 10-39 
Mesabi 10-63 
for coal-cleaning 36-11 
coal-mine dust 23—48 
gold bullion 33—06 
large-scale 26—10 
of mines 26-08 et aeq 
in sale of ores 32-06 
tailings by auger 9-04, 10-65 
theory of 26-08 

Sampling-mill flowsheets 29-14 et aeq 
Sand filling, Champion mine 10-257 
of coal mines 10-616 
of metal mines 10-421 et aeq 
Rand 10-148 
against subsidence 10-526 
filter for sewage 22-32 
for water 22—29 
tailings from dredges 10-687 
on track 16-13 
wheels on dredges 10-687 
Sand-flotation (Chance) process 34—19 
Sandreel, oil-well rig 9-10 
Sands, cyanidation of 33—10, 38-16 et aeq 
shearing stress in 3-04 
Sandstone 2-07 

as building stone 2-28 
minerals of 1-11 

Sanford-Day mine>car wheel 11-12 
San F del Oro mine, tramway 26-80 
San Juan del Rey mine, hoisting 12-69 
distr, Colo, hand drifting 10^93 
Santa Francisca mine, methods 10-244 
Santa Rita, N M, open-pit mining 10-438 
Sapphire, occurrence of 2-32 
Saprolite 2-09 

Saskatchewan, mining law 24-36 
Sassenberg drop-shaft method 8~17 
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Saturated air, properties of 80-24 
steam, properties of 39—27 
vapor 39-25 

Savannah Copper Co, churn-drill samples 
10-45 

Sawing of timber 43-31 
Saw-tooth roof 43-62 
Saxton coal mine 10-493 
Scalds, treatment of 23-64 
Scale of aerial photos 17-60 
in boilers 40-20 
of geologic mine maps 19-05 
on maps 17-14 

of operation, estimating 25-23, 25-25 
Scarf joint in timber 43-36 
Scarifiers, earth 3-12 

Scatter pile method of mining, Rand 10-145 
Schaefer respiration method 23-64 
Scheelite, fluorescent test for 10-25 
occurrence of 2-27 
Schitko hoisting system 12-07 
Schlumberger resistivity method 10- A- 13 
Schmidt shaft-plumbing device 16-20 
variometer lO-A-08 
Scoop mine car 11-08 
Scoriflcation assay 30-13 
Scorifying lead buttons 30-11 
Scotland, coal mining 10-504 
Scott transformer connection 42-28 
Scram drift 10-191 
Fhn FI on 10-420 

Scranton, Pa, borehole record 10-62 
Scraper loaders in coal mines 27-11 et spq 
in metal mines 27-26 
loading, Ala 10-150 
Bisbee, Ariz 10-317 
Climax mine 10-368 
Mesabi 10-308, 10-419 
Mineville, N Y 10-143 
Rand 10-145 
shaft mucking 7-11 
sub-level caving 10-337 
in tunnel 6-17 

Scrapers in D. C. E. mine 10-138 
earth 3-07, 3-08 
Menominee Range 10-310 
in stopes 10-417 et seq 
V8 power shovels in mucking 10-107 
in Tri-State mines 10-136 
in tunnels 6-15 et seq 
Scraping in drift mine 10-610, 10-613 
into sluices 10-544 
in stopes 10-169, 10-183, 10-191 
sub-level caving 10-335 
Scrapping machinery by blasting 4-24 
Screen analysis 81-08 
of coal 35-12 
house, anthracite 84-31 
Screening of coal 35-02, 35-18 
of ores 33-11 
of samples 29—08 
Screens, coal, capacity of 35-14 
for coal drying 35-28 
coal-sizing 84-15 
dewatering 35-24 
on dredges 10-582 
gravity-stamp 28—14 
revolving, for coni 85-05 
shaking, for coal 35-05 
Screw spikes for track 11-16 
Screws, wood 48-36 
Scrub Oak mine, machine loading 10-103 
Scrubber for gas producer 40-43 
Scurvy 22-84 


Sea water, deposits from 10-16 
Seale lay rope 12-21 
Sealed areas, gas in 28-20 
Sealing drop-shafts to bedrock 8--09 
of fire areas 23-52 
of pneumatic shafts 8-14 
Seam, rock 2-11 
Season, dredging, Alaska 10-695 
Seasonal changes in air temp 23-12, 23-13 
Seasoning of lumber 43-81 
^‘Second injury’^ compensation 22-13 
Secondary blasting in quarries 6-26 
enrichment 2-22 
minerals 1-10 
Section, U S lands 17-31 
Section 21 mine, Mich, glory-hoUng 10-157 
Sectional drill rods 6-06 
Sectionalizing of dredges 10-688, 10-698, 

10-599 

cost of 10-598 
trolley lines 16-07 
Sector, circular, area of 36—12 
spherical, mensuration of 36—15 
Sedimentary ore deposits 10-16 
overlap 2- 16 
rocks 2-07 et seq 
forms of 2-11 
minerals of 2-03 
Seepage through darns 43—25 
from ditches 38-26 
from reservoirs 38-38 
Segment, circular, area of 36-12 
set, Mitchell slicing 10-230 
spherical, mensuration of 36-15 
Segregation in samples 29-02 
Seismic data analyzed lO-A-24 
properties of rocks lO-A-36 et seq 
prospecting lO-A-21 et seq 
Seismogel explosive 4-10 
Seismograph, drilling for 9-23 
Seismometer lO-A-22 
Self-dumping cages 12-99 
Self-oihng mine-car wheels 11-11 
Self-potential geophysical survey lO-A-lO 
Self-rescue apparatus 23-55 
Semet-Solvay coke oven 35-36 
Seminole oil field, gas compression 44-07 
Sense of a force 36-29 
Separators, steam 40-22 
Septic treatment of sewage 22-31 
Senes, dec 42-03 
flow of air 14-32 
mathematical 36-05 
motor 42-10 

Series-arc distribution 42-30 
Serpentine 2-09 

as building stone 2-28 
minerals of 1-11 
Servicing units, oil-well 44-17 
Sets, drift-timber 10-107 
drill-steel 6-09 
timber 10-198 
Setting-up transit 18-07 
Sevier Valley shaft, cost 7-29 
Sewage, contamination by 22-28 
disposal 22-30 et seq 
farm 22-31 

Shade Coal Co, gasolene loco 11-37 
Shaft, foot wall 10-83 
inclined, choice of 10-83 
location, Mesabi 10-302 
mining, defined 10-03 
pillar in coal 10-608 
pillars, size of 10-628 
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Shaft plumbing 18-10 et ttq 
without wires 18-81 
pockets 12-119 e( aeq 
prospect 10-31 
sampling 26-18 
I vert V8 inclined 10-84 

walls, supporting 7-12 et aeq 
Shaft-bottom layout 11-23, 11-25 
Shafting* power 41-08 
Shafts, blasting in 4-23 
cross-section 7-02 
exploration by 10-76 
hoisting signals 12-84 et aeq 
on Hand 10-144 
sizes of 7-02 
turned-vertical 10-86 
ventilating 14-68 
leakage in 14-16 
Shaft-sinking plant 7-03 
in soft ground 8-02 et aeq 
Shaker screens, coal-sizing 84-16 
Shakers for screen-testing 31-04 
Shaking chutes 10-416 
for anthracite 34-84 
conveyers 87-18 

coal preparation 35-10 
screens for coal 36-06 
sorting table 88-17 
Shale 2-09 

Shales for brickmaking 2-28 
Shamokin mine car 11-10 
Sharpening of rock bits 5-06 
Shattering effect of explosives 6-17 
Shattuck solar attachment 17-86 
Shaw gas tester 83-88 
Shear in beams 48-03, 48-06 
in concrete beams 43-16 
modulus of 43-08 
zones 2-14, 10-15 
Shearing resistance of soil 3-04 
Sheathing of explosives 88-36 
Sheaves, cableway 86-08 
hoisting 12-17 
for rope drives 41-09, 41-11 
for rope haulage 11-41 
support of 12-77 
tramway 86-86 
Sheep Cr tunnel, cost 6-28 
procedure 6-19 

Sheet ground, Tri-State distr 10-137 
mining, Picher distr 10-141 
Sheet quarry 5-24 
Sheeted ground 2-14 
Sheeting of rocks 2-16 
trench 3-15 
Sheet-piling 8-03 et aeq 
Shells, crushing-roll 88-10 
Sherrard mine, tail-rope haulage 11-43 
Sherritt Gordon mine, breast stoping 10-143 
underhand stoping 10-166 
Shift fault 2-13 
Shift-boss report 2(M>8 
Shiloh mine, gasolene loco 11-38 
Shimmin filter 38-21 
Shingle roof 48—40 
Shinnston mine, gasolene loco 11-37 
Ship measurements 46-62 
Ships, loading by tramway 8^44 
Shiras open-pit iron mine 10-456 
Sheading of float 10-21 
Shock losses in air currents 14-26 et aeq 
stress 43-03 
treatment for 83-68 
Shooting off aolid 83-86 


Shoots, ore 10-16 
Shortwall coal cutter 16-16 
Shot firing. Hand 10-148 
Shot-boring 9-61 
Shot-drilling, Hhodesia 10-60 
shaft 7-03 

Shot-firers in shafts 7-10 
Shovel loaders in tunnels 6-15 
Shoveling in breast stopes 10-134 
floor 10-198 
by hand 10-103, 11-02 
hand-loading by 3-06 
in stopes 10-413 
Shoveling-in 10-642 
Shrinkage of embankments 3-05 
of lumber 48-81 
mining. Hand 10-145 
stopes 10-274 et aeq 
DeBeers mines 10-393 
Franklin mine 10-389 
“Miami mine 10-381 
sand filling 10-426 
ventilating 14-19, 14-20 
stoping, summary 10-296 
Shunt 48-03 

elec machine 42-^ 
motor 48-10 

Siberia, Empire drilling 9-06 
Side slopes for ditches 88-86 
telescope on transit 18-10 
Side-hill cuts in rock 5-27 
Sideline agreements 84-87 
Siemens dynamometer 48-07 
Sierra Leone, placer mimng 10-646 
Sierra Nevada buried placers 10-636 
Sieving by hand, std method 81-04 
Signal systems, elec 16-08 
Signalling in shafts 12-84 
Signals on triangulation stations 17-47 
Silesian ore deposits 2-24 
Silica for assaying 30-06 
Silicates in rocks 2-02 
Siliceous dust, physiological effect 83-18 
SiUcosis 88-33, 83-18 
SiU floor 10-198 
volcanic 2-10 
Sill-floor timbering 10-219 
Sillimanite, origin of 10-21 
Sills for square-set stoping 10-219 
Silt 2-09 

Silting of anthracite mines 84-06 
dredge, avoidance of 10-600 
Silver as elec conductor 42-06 
ores 2-24 

grinding for cyanidation 33—11 
in ores, payment for 82-07, 32-14 
Cliff, Colo, ore deposit 2-26 
Dyke mine, method 10-388 
King mine, breast stoping 10-141 
Plume, Colo, raising through old filled stope 
10-118 

Reef, Utah, ore deposit 2-26 
Simmer A Jack mine, hoisting 12-68, 12-69 
sand filling 10-422, 10-424 
shaft sinking 7-30 
Simple engines 89-16 
interest 36-07 
Simplex piston pumps 40-30 
Simpson’s rule for areas 17-28, 36-18 
Sine wave, elec 48-18 
Single-hand drilling 5-07 
in stopes 10-126 
Single«phase a>c generator 48-16 
converter 48-88 
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Single-phase induction motor 41-91 
Single-roll crusher for coal 85-08 
Single-shot blasting machines 4-29 
Single-stage centrifugal pump 13-14 
compressors 10-08 
formulas 89-13 
Sinker drills 10-32 
Sinking fund 86 - 08 , 48-08 
pump 40 - 29 , 40-32 
Siphons for mine drainage 13-10 
Sirocco fan 14-40 

Siscoe Gold mine, machine loading 10-104 
Size of alluvial tin, M play a 10-620 
aver, of particles 81^16 
of cone-crusher product 28-09 
designation of pumps 40-28 
of grains in samples 29-02 
of gyratory-crusher product 28-06 
of hand-sorting feed 28-18 
of jaw-crusher product 28-04 
reduction in ore crushing 28-02 
of roll product 28—18 
Sizing analysis 31 - 08 , 81-06 
of coal 35—04 et seq 
tests, plotting 81-08 
Sizing-sorting-assay test 81-08 
S K F ball-bearing wheel 11-13 
Skid road for rock excavation 5-23 
Skidding oil-well derricks 9-18 
Skidmore coal seam, headings in 10-511 et aeq 
Skip tracks 12-83 
Skips, ore 12-107 et seq 
Slabbing 10-124 
Slabbing-cut, tunneling 6-08 
Slabs, concrete 48 - 13 , 43-16 
Slack in bucket elevators 27-82 
in hoisting rope 12-23 
Slack-lino cableways 26-49 
Slack-rope hoisting 12-02 
Slag, assay 80-08 
for flushing 10-516 
Slate 2-09 

quarries, underground 10-177 
Slates, sources of 2-28 
Sledging 28-10 
Slice drifts 10-325 
Slices in top-slicing 10-301 
Slicing, Mitchell system 10-227 
Slickensides 2-14 
Slick-sheet in tunneling 6-19 
Slide valve on steam hoists 12-51 
Sliding angle of ore 10-164 
scales for wages 22-05 
Slimes, cyanidation of 83 - 10 , 88-17 et seq 
Slim-hole exploratory boring 9-23 
Slip of belts 41-04 

of induction motor 42-19 
in pumps 40-28 
scraper in placer mining 10-546 
Slip-joint casing pipe 9-25 
Slips in embankments 3-04 
Slop cyanide assay method 80-17 
Slope of amalgamating plates 88-08 
of gravity plane 11-41 
hoists, elec 16-11 
of open pits 10-434, 10-470, 10-527 
stakes 17-37 

United Verde open-pit 10-443 
Slot system of mining 10-390 
Sludge box 10-39, 10-62 
Nor Rhodesia 10-60 
and core analyses, combinifig 10-42 
diamond-drill 10-58 
hammer-drilling 10-69 


Sludge , septic-treatment 22-81 
settling, coal-washery 85-86 
Slug 36 - 04 , 88-02 
Sluice 10-540 
box 10-561 

dredges, Malaya 10-626 
inclined 10-675 

Sluices for dragline dredging 10-601 et $eQ 
grade of 10-652 
hydraulic-imne 10-661 et seq 
sizes of 10-664 
Sluicing, stripping by 3-16 
Slump test for concrete 48-11 
Slushing drift, Climax mine 10-367 
Smelter charges, calculating 32H08 
Malayan tin 10-629 
schedules 8St-10 et seq 
Smelters in western U S 88-10 
Smelting, outhne of 32-02 
Smith solar attachment 17-25 
Smithsonite 2-23 * 

Smoke-clouds for ventilation measurements 
14-21 

Smoke-helmets 83 - 55 , 28-58 
Smooth-coil track cable 86-17 
Snake bites 22-35 
Snake Cr tunnel, cost 6-28 
Snake River placer gold 10-536 
Snakehole blasting 5-20 
Snow load on trusses 43—27 
Snowden Coke Co car dump 11-31 
Snyder sampler 29-05 
Soapstone 2-09 
minerals of 1-11 
occurrence of 10-21 
Social Security Act 22 - 04 , 22-14 
Sockets, rope- 12-28 
Soda for assaying 30-04 
for blowpipe testing 1-08 
Sodium amalgam, preparation and use 30-15 
chloride sols, resistivity lO-A-36 
nitrate, occurrence 2-33 
vs potassium cyanide 33-08 
sulphide precip from cyanide sols 33—24 
Soft ground, shaft-sinking in 8-02 et seq 
Soil, physics of 3-03 
Solar attachment 17-26 
observations 17-22 et seq 
Solenoid 42-06 

Solid impurities in mine air 23-11 
Solids, specific heats of 39-81 
Sollar 10-174 
Solubility of minerals 1-08 
Solubilities in cyanide 33-08 
m water 37-05 
Solution cavities 10-16 
Solutions, cyanide 31-18 
Songo shaft, Ala, concreting 7-20 
Sorting, Champion mine 10-254 
chute 10-404 

in cut-and-fill stopes 10-238 
floors 88-16 
hand 88-16 
in open-pits 10-471 
of ore, Rand 10-146 
in shrinkage stopes 10-276 
top-shcing 10-301 
Soudan mine, drift round 10-100 
filled stoping 10-247 
Soundings, locating of 17-55 
So Africa, gold mining methods 10-144 et seq 
hand stoping 10-126 
South Blocks mine, chutes 10-405 
South Burbank oil field practice 44-05 
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South Carolina, phosphate prospecting 10-24 
South Dak, ref to mining law 24-18 
Southeast Ext mine, top-slicing 10-316 
S £ Missouri, bonus system 22-06 
cost of mining 21-26 
Spacing of blast holes 5-12 et seq 
in trenching 5-27 
of boreholes 10-63 
of chute-gates 10-276 
posts in square-sets 10-213 
of raises and winzes 10-91 
of reinforcing bars 43-15 
of rivets 48-47 
of track ties 11-15 
Spads for underground surveys 18-03 
Spalling 28-10 

Spanish-American measures 45-52 
Spanish Peak lumber tramway 26-31 
Special gelatin explosive 4-09 
Specific elec resis^nce 42-05 
gravity assay 81-21 

determination 1-06, 25-20 
of minerals 1-06 
of ore, testing 10-72 
of rocks lO-A-30 
heat of gravel 10-615 
heats 89—20 

Specifications for concrete 43-11 
for d-c motors 42-12 
for induction motor 42-21 
for structural steel 43—42 
for synchronous motors 42-19 
Speculator shaft, cost 7-31 
Speed 36-49 

of advance in headings 10-96 

of belts 41-04, 41-06 

of cableways 26-46 

of churn drilling 5-11 

control of induction motor 42—20 

counters 40-44 

of crushing rolls 28-11, 28-12 

of diamond drilling 9-56 et eeq 

of d-c motors 42—11, 42—12 

of drilling in tunnels 6-10 

governors on hoists 12-118 

of hand-hammer drilling 5-08 

of hoisting 12-45 

of machine drilling 5-09 

of mine fans 14-53 

of seismic waves in rocks, etc 10-A— 37 et seq 
of shaft-sinking by freezing 8-21 
specific, of centrifugal pumps 40-36, 40-37 
of water wheels 40-26 
on tramways 26-09 

Speed-limiting of synchronous converter 42-23 
Sphere, equations of 36-25 
mensuration of 86—15 
Spherical dams, underground 13-07 
Spikes, listed 43-36 
rail 11-15, 11-16 
Spillway for dam 43-8« 

Spiral coal cleaner 34-23 
glory-hole mining 10-160 
spring, formula for 41-22 
trackage in open-pits 10-436 
Spiral>riveted pipe 38-18 
listed 41-14 
Spitters for blasting 4-22 
Splice bars, rail 11-15 
rope, strength of 41—09 
Splices in wire ropes 12-27 
Splint coal 2-30 
Split-check leasing system 22-09 
Split flow in airways 14-32 


Split-flow natural ventilation 14-37 
Splitting ore samples 25-09 

of ventilating currents 14-09, 14-31 
Sponges as rook-builders 2-09 
Spontaneous fires 23-04, 23-08, 28-49, 23-50 
Spotty gold ores, assaying 80-07 
Spragging of mine cars 11-13 
Sprague & Henwood core barrel 9-46 
Sprags for drift sets 10-107 
Sprains, treating 23-64 
Spread foundations 43-08 
Spreaders, earth 3-08 
Spring crushing rolls 28-10 
Springing of blast holes 4-20 
of bore holes 5-16 
Spring-pole drilling 9-04 
Springs on cages 12-100, 12-102 
formulas for 41-21, 41-22 
Sprinklers, automatic 23-51 
Sprouting during cupellation 30-14 
Spruce iron mine, belt conveyer 10-437 
wood, properties 43—80 
Spud, dredge 10-683 
Spudding oil wells 9-11 
Spur gears 41-02 
Spur-gear ratios 41-63 
Square measure 46-46 
metric 46-48 
moment of inertia 36-46 
Square-chamber coal mining 10-504 
Square-roots of numbers 45-26 et seq 
Squares of numbers 45-26 et seq 
Square-set block-caving 10-343 
chutes 10-404 
chute-gate 10-407 
slicing 10-299 
Mesabi 10-306 
stope, sand filling 10-427 
stopes, raises in 10-116 
sloping 10-197 et seq 
top-slicing 10-302, 10-313 
Square-sets, dimensions 10-213 
erecting 10-225 
Goldfield Cons 21-06 
summary 10-226 
timber requirements 10-225 
Square-setting, Golden Queen mine 10-390 
Squeezes in coal mines 23-53 
Squib, blasting with 4-25, 4-28 
Squibbing of blast holes 4-20 
Squibs, blasting 4-12 
electric 4-27 

Squirrel-cage motors, cost 16-24 et seq 
St Albert colliery drop-shaft 8 09 
Stability of loose materials 3-04 
of minerals 10-06 

Stables, underground 11-33, 23—36, 28-50 
Stacker for dredge 10-583 
Stacking tailing by giants 10-575 
Stadia rods 17-03 
surveys 17-41 et seq 
Stage compression 15-03, 39-10 
compressors 

hoisting from mines 10-87 
Stairs, dimensions of 43-41 
Staking lines and grades 17-34 
outcrop of vein 10-28 
Stall roads, coal mine 10-505 
Stamp mills 88-10 
Stamps, gravity 28-13 et seq 
Standard cable-tool rig 9-09 
Consol mine, hand stoping 10-126 
corners 17-30 
parallels 17*80 
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Standard RR gage 17-68 

riveted joints 48-48 
Standardization of air drills 16-86 
Standards of anthracite preparation 84-08 
for bituminous coal 86-08 
Standing timber, estimating 86-81 
Standpipe, sinking 9-61 
Star elec churn drill 9-43 

mine, Rhod, diamond drilling 9-60 
Starting box for d-c motors 48-11 
diam of drill hole 6-09 
induction motors 43—80, 48-81 
internal-comb endues 40-48 
of pumps 40-80 
resistance, mine-car 11-27 
synchronous converter 48-88 
synchronous motors 48—18 
Stassfurt, subsidence 10-628 
State colliery inspection 33-68 
unemployment comp laws 88-04 
wages and hours laws 88-08 
Static hoisting moment 12-02, 12-12 
stresses 48-03 
transformer 48-86 
Statics 86-89 et seq 
Station gas indicator 88-89 
pump, automatic 13-16 
track layout 11-23 
Stationary chutes 10-416 
Stations on cableways 36-81 et aeq 
mine-rescue 83-69 
tramway 86-87 
for underground surveys 18-08 
Steam consump by hoists 12-62, 12-53 
of pumps 4(^31 
drive, rotary drilling 9-16 
engine 4<K17 

thermodynamics of 39—16 et aeq 
flow through orifices 89-06, 89-08 
haulage, open-pit iron mines 10-436 
hoists 12-46 et aeq 
locos 11-36 
measuring 40-46 
piping of 40-81 
points for thawing 10-616 
power for mines 16—08 
power plant, annual cost 40-06 
hfe of 40-07 
properties of 39-86 et aeq 
pumps for mines 13-11 
“sizes” of anthracite 34-08 
thaw'ing of frozen gravel 10-616 
turbines 40-16 
viscosity of 40—81 
Steam-engine cycles 39-40 
Steam-jet blower for boilers 40-14 
Steam-shovel loading of rock 6-22, 6-23 
Steart mine fan 14-42 
Steel breaker construction 34-87 
chutes 10-406 
chute-gate 10-408 
drift sets 10-108 
drill 16-38 

tunneling 6-08, 6-11 
as elec conductor 48-4)6, 48-06 
guides, safety catches on 12-100 
headframes 12-73 et aeq 
hoistipg guides 12-83 
hoisting ropes 12-19 
hulls for dredges 10-681 
mine cars 11-06 
pipe 88-18 
pulleys 41-08 
nflies 10-567 


Steel shaft-sets 7-17 
sheet-piles 8-03 
sluices, hydraulic-mine 10-662 
structural 43—48 et aeq 
supports in coal mines 10-618 
Steel-pipe headframe 12-82 
Steels for oil-well pumps 44-18 
Steep workmgs, traversing 1^84 
Stefan and Bolzman, law of radiation 89-86 
Stellite on rotary bits 9-20 
Stelliting drill bits 10-70 
Stemming 6-14 
of explosives 83-36 
tunnel blasting 6-13 
Stems, gravity-stamp 88-14 
Step-down square-set 10-217 
Step-fault 2-16 
Stephenson safety lamp 88-88 
Stepped-face filled stopes 10-238 
overhand stope 10-198 
shrinkage stope 10-276 
stope 10-127, 10-161 
Stereometric map 17-68 
Sterkrade drop-shaft 8-17, 8-19 
Steward mme, sill-floor timbering 10-221 
Stewart’s formula for casing pipe 9-29 
Stirrups, concrete structures 43—16, 48—17 
Stock, volcanic 2-10 
Stocking ore by tramway 86-44 
Stockworks 10-16 
Stokers, mechanical 40-18 
Stone, broken, quarrying 6-25 
masonry 43-09 
strength of 10-530 
Stone-boats in rock excavation 6-23 
Stone-chutes on tin dredges 10-626 
Stoop-and-room coal mining 10-606 
Stope 10-04 

as basis of classification 10-124 
board 10-139 
surveying methods 18-16 
widths 10-128 
Stope-dnft, described 10-163 
Stope-hoists 12-60 
Stoper drills 10-94, 16-81, 16-84 
in headings 10-101 
supporting in headings 10-101, 10-102 
Stopes, blasting in 4-23 

breaking ground in 10-124 et aeq 
mechamcal handling in 10-413 et aeq 
preparation for sand filling 10-422 
sand filling of 10-421 et aeq 
transport in 10-413 
Sloping cost for air drilling 16-89 
with machine drills 10-128 
widths 10-125 

Stoppings, leakage through 14-16 
in ventilation 14-10 
Storage of anthracite 34-87 et aeq 
of explosives 4-12 et aeq 
of water 88-88, 86-88 
Storage batteries 48-86 
Storage-battery lamps 16-81 
locos 11-39, 16-14 
makers 16-81 
Stores, company 88-10 
Storing ore, top-slicing 10-301 
Straight-line formula for columns 48-06 
Strain 43-08 

Stramers for dredges 10-684 
for pumps 13-18 
Stranded conductor 48-86 
Strands in wire rope 12-20 
Stratification of sedimentary rooks 8-11 
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Stratigraphic geology 2-17 
Stratigraphy by well-logging lQ-A-20 
Stratum, rock 2-11 
Streak of mmerals 1-06 
Stream boundaries 17*40 
flow estimates 38*-S8 
measuring flow of 80*81 
tin 2-27 

Strength of concrete 48*10, 48*11 

of cyamde solutions 38*08, 88*10, 88*18 
of gear teeth 41*08 
of hemp ropes 12-19 
of rope wire 12-20 
of timber 43*33 
of wire rope 12-22 
Stress 48*02 
allowable, on brick 43*10 
in steel 12-80 
in timber 12-70, 48*84 
Stresses in concrete beams 48*14 
in headframes 12-61 et aeq 
in hoisting rope 12-22 
in ore bins 12-131 cf aeq 
in rivets 48*47 
seismic lO-A-22 
types of 43*03 
Strike of strata 2-13 
calculating 86*25 
of vein, measuring 10-28 
Strike-fault 2-15 

Strikes, in mining agreements 22*17 
String surveys 18*24 
Stringer sets 10-233 
Stringers for Mitchell slicing 10-227 
Stripborer drill 9-07 
Strip mining of coal 10-464 et aeq 
Stripping 3-11 
Arkansas Mt 10-449 
blasting for 4-24 
coal with dragline 10-457 
of earth 3-16 
estimates on Mesabi 10-74 
♦ hydraulic 10-458 
limits, estimating 10-470 
at metal mines 10-430 
open-pit iron mines 10-434 
placer gravel 10-594 
raise 10-109 

United Verde open-pit 10-442 
of veins 10-245 
with water 10-23 
Strontium, sources of 2-27 
Structural mat’s, prices of 25*24 
Structure drilling, Mesabi 10-63 
by well-logging lO-A-20 
of wire ropes 12-20 

Structures affected by subsidence 10-528 
Struts, structural steel 43*50 
Stufl^g boxes, pump 40*88 
Stull sets 10-233 

timbering, shrinkage stopes 10-277 
StuUed stopes, examples 10-165 et aeq 
Stulls 10-161 
in raises 10-114 
in underhand stopes 10-153 
Stump air-flow separator 85*22 
Stumps, disposal of 3-11, 3-12 
Suan, Kdrea, prospecting 10-32 
Sub-aqueous contours 17*16 
rock excavation 5-28 
Subdivision of U S lands 17*80 
Sub-inclines on Rand 10-144 
Sub-level oars 11-04 
caving 10-324 et aeq 


Sub-level caving, summary 10-339 
development 10-326 
top-slicing 10-303 
stoping 10-178 et aeq 

system, Boston Consol mine 10-872, 10-374 
Sub-levels in glory-hole mining 10-157 
top slicing 10-299 
Sublimation 39*25 
orebodies 10-09 
Submarine blasting 4-24 
Submerged pumps 16*16 
Submergence of oil-well pumps 44*18 
Subsidence 10-619 et aeq 
Sub-stations, elec 16*03, 42*29 
Subtraction, algebraic 36*02 
Sucker-rod pump 44*08, 44*16 et aeq 
capacity 44*17 
Suction dredge 3-18 
head on pump 40*28 
pipe for pumps 13-09 
Sudbury copper deposit 2-22 
framing square-sets 10-226 
mimng methods 10-200 
nickel ores 2-27 
sill timbering 10-220 
Suffocation, accidents from 23*36, 28*40 
treatment for 28*64 
Sugarland oil field practice 44*05 
Sulitelma copper deposit 2-23 
Sullivan compressor 15*16 
core barrel 9-46 
mine, diamond drilling 9-60 
drift round 10-99 
raising 10-109 
oil-pumping head 44*19 
Sulphide copper ores 2-22 
enrichment of ores 10-17, 10-19 
ores, assaying 80*11 
Sulphides in cyanidation 88*06 
Sulphur in coal 2-30 

dioxide in mine air 23*07 
by Frasch process 10-401 
occurrences of 2-33 
prices of 82*18 
Sulphuric acid, sp gr of 37-06 
Sumatra, boring in gravel 10-56 
oil-well practice 44*05 
Summit Hill coal stripping 10-467, 10-469 
Sumps, drainage 13-05 
Sunflower surveying instrument 18*16 
Sunshine Mining Co, accounts 21*26 
Superheated steam, properties of 89*29 
vapor 39*25 

Superheaters, steam 40*10 
Supervision in mines 23*66 
Supplies, consumption, Alaska Treadwell 

21*11 

cost of, Goldfield 21*08 
prospecting 10-77 
Supply records 20*11 
Support of men in stopes 10-162 
of shaft walls 7-12 et aeq 
of stopo walls 10-163 
of stoper drill in raises 10-114 
of surface, law on 10-632 
in tunneling 6-21 et aeq 
Supports for pipe lines 88*24 
Suppressed weir 88*09 
Surface accidents at mines 28*86 
damage from subsidence 10-619 
exploration, systematic 10-26 et eeq 
inflow of mine water 13-02 
of revolution, equations of 86*26 
rights on mining properties 2^-28 
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Sufface steain condezuier 40-10 
transport at mines 1(>>00 
Surfaces, by calculus 06-27 
Survey for patent 17-07 
stations underground 18-02 
Surveying of boreholes 9-63 
surface 17-02 et seq 
Surveys, adjusting 17-20 
electrical lO-A-10 ei aeq 
gravimetric lO-A-03 
magnetic lO-A-07 
micro-gas lO-A-29 
mineral 24 - 10 , 24-12 
mineral-land 17-85 et aeq 
radioactivity lO-A-28 
temperature lO-A-26 
for tramways 26—08 
Survivor’s benefits. Federal 22-14 
Surwel gyroscopic clinograph 9-64 
Suspension bunkers 12-128, 12-133 
Susquehanna iron mine haulage 10-435 
Sussman gas detector 28-28 
Sutro tunnel grant 24-11 
Suyoc mine, mech loading 27-00 
Swabbing of oil wells 44-14 
Swaziland, ground-sluicing 10-541 
tin mining with elevator 10-574 
with gravel pump 10-575 
Swell of loosened earth 3-03 
of placer gravel 10-537 
in rock fills 5-03 
Swelling ground in shafts 7-17 
Swing>cut, tunneling 6-08 
Swing-hammer regulator 05-00 
Swinging false set 6-25 
Switches, mine-track 11-19 
Switchboards 42-25 
Syenite 2-04 
Syfo clinograph 9-64 
Symmetry, crystal 1-02 
Synchronism of a-c generators 42-17 
in sampling 29-08 
Synchronous converter 42-22 
motors 42-17 et aeq 
applications 42-18 
cost 16-29 

speed of induction motor 42-19 
Syncline 2-12 
Systems, crystal 1-03 
fissure 10-12 


Tables, coal-cleaning 84-19 
coal-washing 85-20 et aeq 
determinative, for minereds 1-14 et aeq 
for dragline dredging 10-601 
for dredges 10-585 
sorting 28-16 
Tachometers 40-44 
Taffanel rock-dust barrier 20-48 
Tagging samples 25-15 
Tailings disposal, Malaya 10-622 
Tail-rope haulage 11-42, 16-11 
hoisting 12-02 
Talc, occurrence of 10-21 
Talleydale coal mine, mechanised 27-20 
Tamarack copper mine, development 10-87 
hoisting drum 12-10 
hoisting speed 12-46 
shaft sinking 7-05 
shaft, hoisting 12-59 
Tamping 5-14 
bags 5-21 
bar, safe 20-35 


Tamping experiments 5-21 
of explosives 4-20, 4-23 
Tandem hoisting 12-05 
Tangent method of plotting 17-12 
Tangents, equations of 86-21 
Tank, sand-blowing 10-258 
septic 22-81 
Tanks, cyanidation 88-15 
hydrostatic press in 08-07 
sludge-settling 06-86 
Tapered ropes 12-19 
steel 12-21 
elec conductor 42-00 
Tapes, standardizing 17-17 
surveying 17-02 
underground 18-14 
Taping methods 17-18 
underground 18-14 
Tapping underground reservoirs 13-04 
Tar extractors for gas producers 40-40 
Target for underground leveling 18-14 
Tar-gravel roofing 40-41 
Tasmania, deep-hole hammer drilling 10-71 
Tastes in water 22-27 
Tavener refining method 82-25 
Tax laws, U S, on mines 24-29 
Mexican mining 24-40 
Taxes, mining, B C 24-84 
Ontario 24U-35 
Quebec 84-86 

Taylor & Brunton sampler 09-07 
Taylor’s series 86-26 
T-beams of concrete 48-17 
Technical managemet of mines 80-00 
** Telegraph” for handling anthracite 8445 
Telemeter rods 17-08 
Telephone in rescue work 28-57 
wiring in mines 16-08 
Telescope, transit 17 - 4)6 
Telluride ores, assaying 80-18 
of gold 2-24 

Temperature from air compression 15-07 
of combustion 89-88 
effect on pipes 88—22 
gradient 28 - 12 , 28-14 
of Ignition 89-88 
measuring 4844 
of mine air 14-02, 28 - 12 , 82—18 
permissible, in elec machines 42-08 
of rock and air 14-56 
scales compared 87 - 4)6 
surveys lO-A-26 ei aeq 
in taping 17-18 
Temp>entropy diagram 89-87 
Temp-resistance coeff 48 - 05 , 42-05 
Temperley diagram for ore estimating 10-73 
Tennessee, bore testing for zinc and barite 
10-55 

Copper Co, chinaman chute 10-409 
C, I & RR Co, overhand stoping 10-170 
skip 12-107 
room mining 10-151 
phosphate mining 10-457 
prospecting 10-33 
testing 10-56 

Tensile strengths of metals 87-07 
Tension in cables 26-06 
carriage, rope-drive 41-10 
members in trusses 42-50 
in riveted joints 43-47 
weights, cableway 26-21 

tramway 26-24 ** 

Tepetate oil field practice 44-05 
Terminal stations, tramway 26-27 
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Termlnalt, mono-oable tramway 26-40 
reveraible-tramway 264t8 
Termination of fissure veins 10<-14 
Terre Haute pneumatic shafts 8-15 
Tesla, Cal, coal mining 10-600 
Test pits, prospecting by 10-22, 10-29 
Testing a-c generators 42-16 
cement 43-09 
d-c generators 42-09 
d-o motors 42-12 
high explosives 4-07 
induction motors 42-20 
lubricants 41-12 
mine fans 14-44 
ores 31—02 et seq 
power plants 4048 
sample composition 30-07 
sieves, standard 31-03 
synchronous converter 42-23 
motors 42—18 
wire ropes 12-21 
Test-pitting in gravel 10-33 
Tests, coal-cleaning 85-11 ei seq 
cyanidation 83-07 
dust in mine air 23-19 
Tetragonal crystals 1-03 
Texas, cost of oil wells 9-39 et »eq 
diamond drilling 9-59 
oil fields, bit performance 9-22 
Textures of igneous rocks 2-03 
Tezuitlan mine, winzes 10-120 
Thalen-Tiberg magnetometer lO-A-08 
Thawing dynamite 4-18 

frozen gravel 3-12, 10-614 et eeq 
media 10-616 

Theresa Castlereagh shafts, sinking 8-21 
Thermal conductivity of rocks lO-A-39 
data on air 14-67 
effio of air engine 89-17 

of steam engine 39-00, 39-17 
mine, skip loading 12-122 
resistance of walls 22-27 
Thermit welding of rails 16-08 
Thermodynamics 89-02 et eeq 
Thermometer scales 89-20 
compared 87-06 
Thermometers, geologic 10-07 
Thickening cyanide feed 83-10 
Thickness of bed, computing 9-69 
Thin sections, exam of 1-10 
Thorianite, tests for 1-61 
Thorite, tests for 1-51 
Thorium, sources of 2-27 
testing for 10-26 
Thornton gas detector 28-27 
Three-phase a-c generator 42-16 
elec system 42-15 

Three-tripod surveying method 18-08 
Three-wire elec distribution 42-80 
Through cuts in rock 6-27 
truss 48-25 
Throw of fault 2-13 
Thrust fault 2-15 
Thynite lightning arrester 42-29 
Tie plates, track 11-16 
Tier, U S lands 17-81 
Ties, track 11-15 
life of 11-16 

Tight and loose pulleys 41-07 
wheels 11-12 

Tilden min^ blasting 10-436 
Tiller rope 12-21 
Tillson*s hoisting systems 12-07 
Tilly Foster mine, chambering 10-176 


Tilly Foster mine, open-cut 10433 
Tilmanstone colliery, tramway 2641 
Tilt in aerial photos 1741 
Timber, allowable stresses 4344, 4345 
beams 43—38 

breaker construction 84—27 
buried in placer deposits 10-637 
columns 43-35 

consumed, sub-level caving 10-337 
top-slicing 10-309, 10-316 
dams 43-24 
decay, gases from 2348 
for drift sets 10-107 
handling in square-set stopes 10-213 
headframes 12-65 et eeq 
for hydraulic mining 10-662 
joints 4348 
mats 10-340 
in mining 10-123 
ore bin 12-129 

preservative treatment 7-17, 10-236 
recovery 10-301 

requirements, square-set stoping 10-224 
size and strength of 10-213, 10-214, 10-218 
sets, tunnel 6-22 
standard sizes 4342 
standing, estimating 2541 
structures 43—30 et eeq 
top-slicing 10-300. 10-306, 10-306 
Timbered stopes 10-197 et eeq 
Timbering coal mines 10-618, 2341 
drifts and crosscuts 10-107 
gangway 10-263 
raises 10-110, 10-114 
shafts 7-13 et eeq 
sill floors 10-219 
tunnels 6-22 et seq 
Time in cyanidation 33-19 
distribution, diamond drilling 9-63 
in tunneling 6-06 
equation of 17-24 
lag in subsidence 10-527 
lost, gravity stamps 28-15 
gyratory crushers 2845 
jaw crushers 2844 
Time-book, mimng 20-09, 22-10 
Timing aerial photos 17-60 
Timken roller-bearing wheel 11-12 
Tin dredging, Malaya, 10-625 et seq 
mining in Malaya 10-619 et seq 
ores, assaying 30-18 
occurrence of 2-27 
sale of 32—16 

placer mining 10-674, 10-676 
in Nigeria 10-546 
roofing 4341 
veins, minerals of 1-11 
Tintic, Utah, deep-hole hammer drilling 10-69 
hand drilling in stopes 10-126 
hand stoping 10-126 
Tipple for hand-picking 85-31 
Tiro General mine, method 10-260 
Tissot oxygen apparatus 2346 
Titanium, sources of 2-27 
Title to claim, perpetuating 24-13 
on maps 17-14 
to mining claims 24-20 
Titles, mining, exam cf 2546 
Tiveri Gold Dredging Co, data 10-699 
Tobin mine, block-caving 10-344 
Toilets, specifications 22-33 
Tonnage calculated from samples 26-18 
estimating on Mesabi 10-74 
of ships 46-62 
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Toniiafe and value, estimating from boreholes 
10-71 

Tonnesen stereometer surveying method 
1&-16 

Tonopah Belmont mine, Moore timbering 
10-231 

hand sorting 28-17 
Mining Co, overhand sloping 10-166 
Tools for diamond drilling 9-45 
oil-well rig 9-10 
for prospecting 10-77 
for unpacking explosives 4r-17 
Tooth gearing 41<^ 

Top coal cutter 16-16 

telescope on transit 18-09 
Top-slice mines, ventilating 14-21 
mining 10-297 et aeq 
Top-slicing, summary 10-324 
Topography affecting mine development 10-86 
mine opemngs 10-90_, 
subsidence 10-627 
effect on ore enrichment 10-19 
underground 18-18 
Topping of coal cars 34-08 
Toronto, cost of auger drilling 9-04 
Torpedo for blasting hot ground 10-445 
Torq thickener 33-10 
Torque of a force 36-31 
of induction motors 42-19 
Torricelli’s hydrodynamic theorem 88-07 
Torsion balance lO-A-05 
modulus 48-02 
stress of 43-06 
Totco drift recorder 9-64 
Toughness of rocks 5-02 
Tourniquet for first-aid 23-66 
Towers, cableway 26-46, 26-47 
mono-cable tramway 26-41 
tramway, construction 26-20 
design 26-19 
locating 26-10 
tw’in-cable tramway 26-34 
Township 17-80 
Townsites, mining 22-23 
Traces, geometry of 86-26 
Trachyte 2-04 

Tracing from blueprints 17-18 
cloth 17-10 

float 10-21, 10-27, 10-32 
Track bolts, listed 41-19 
cables, anchorage 26-21 
for cableways 26—44, 26-47 
data on 26-08 
reversible- tram way 26-87 
tightening 26-18 
tramway 26-16 
crossing 1 1-23 
curves 11-17 
mine 11-14 et seq 
RR, grade of 3-06 
resistance 1 1-27 
spikes 11-15, ll-16 
stringers 11-16 
temporary 11-19 
Track-mounted coal cutter 18-18 
Tracks for gravity planes 11-42 
open-pit iron mines 10-436 
for skips 12-83 
Traction, coeff of 11-28 
rope, reversible-tramway 26-87 
tension in 26-06 
tramway 28-19 
Traction-cable locos 16-14 
Tractive force of comp*air loco 18-41 


Tractive resistance 11-27, 11-28 
Tractor haulage, open-pit iron mines 10- 436 
Tractors for earth excavation 3-07 
Tractor-trailer haulage underground 10-492 
Trail, B C, labor relations 28-17 
Tramming, cost of 11-45 
distances il-44 
by hand 11-32 
in headings 10-102 
loading from chute 10-102 
on Rand 10-90 
in tunnels 6-19 

Tramway shaft, Butte, guniting 7-20 
Tramways, notable examples 26-31 
Transfer carriage for mine oars 11-23 
Transformer, static 42-28 
Transit adjustments 17-07, 18-06 
engineer's 17-06 
mining 18-06 
mountings 18-04 
setting-up 18-07 
traverse 17-17 
vernier 17-04 
Translation 36-62 

Transmission of comp air 16-07 et eeq 
of electricity 42-26 et eeq 
lines 16-04 

Transparent paper 17-10 
Transport of explosives 4-10 
of injured person 28-66 
mechanized-mining 27—20 
in quarries 6-26 
in stopes 10-413 
underground 11-02 et eeq 
Transvaal gold deposits 2-25 
mining cost 21-17 et eeq 
Trapezoid, area of 36-11 
centroid of 36-44 
moment of inertia 36-47 
Trapezoidal rule 17-22, 88-18 
weir 38-11 
Traps, steam i<^23 
Trautwine’s formulas for bins 12-135 
Trauzl lead>block test 4-07 
Traverse, compass 17-16 
tables 17-21 
transit 17-17 
Traverses, checking 17-19 
plotting 17-11 et eeq 
Traversing, underground 18-07 
Tray feeder for sampling 29-09 
Treatment of petroleum 44-24 
rates, milling ores 32-13 
Treenails 43-36 
Trees, volume of 26-31 
Trench sampling 26-10 
Trenches, cost of 10-22 

prospecting by 10-22, 10-26, 10-30, 10-31 
Trenching 10-27 
in earth 3-16 
labor in 10-31 
machines 3-11, 3-15 
in rock 6-27 

Trepans, Kind>Chaudron 7-22 
Trepca Mines, machine loading 10-104 
Trestles, timber 48-39 
tramway 26-12 
Triangle, area of 88-11 
centroid of 86-44 
of forces 86-29 
moment of inertia 86-47 
Triangles, oblique, solution of 86-19 
right-angle, functions of 86-17 
Triangular weir S9»ll 
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Triangulation, sfaalt-plumbiiig 1:^ 19-19 
survey 1T-4T 

Tribute ittioiiig syetem 11-08 
Tri^luic cryetole 1-05 
Trifouometric funetione* logs 48-18 
natural 48-11 «! uq, 
leveling 17-47 
Trigonometry 86-16 et teq 
Trimountain mine car 11-04 
dwelUng M-IS 
Trinitrotoluene 4-06 
Tripod, drill-mounting 15-88 
for shaft-sinking 7-04 
for transit 18-04 
Tripod-mounted drill data 5-09 
Tripoli, tests for 1-61 
use of 2-28 

Tri-State dist, belt conveyers 10-417 
breast stoping 10-137 
churn drilling 9-41 , 10-64 
contract loading 88-06 
cost of mining 81-86 
deep-hole hammer drilling 10-71 
estimating from boreholes 10-72 
hand loading 10-137 
mining practice 10-137 
piUars 10-134 
power shovel 10-421 
prospect drilling 9-42 
recovering ore in pillars 10-136 
scrapers 10-418 
shoveling 10-134, 10-135 
wages scale 88-06 
Trivet, 8 urve 3 dng 18-04 
Trojan mine, gasolene loco 11-38 
Trolley guards 88-88 
locos underground 11-39 
wire 16-06 
cost of 11-26 

Trommels, coal-sising 84-16 
on dredges 10-582 
Tropics, health precautions 88-84 
Troubles with d-c motors 48-18 
with induction motor 48*41 
Troy Sirocco fan 14-40 
weights 46-45 

Truck haulage, Arkansas Mt 10-449 
Morenci, Ariz 10-460 
open-pit iron mines 10-436 
shipments of explosives 4-10 
Truck-mounted cable-tool rigs 9-14 
Trucks for earth excavation 3-07 
mine-car 11-06 
in rock quarries 6-26 
True meridian, determining 17-88 ei »eq 
Trump brine-well method 10-399 
Truss, solution of forces in 36-39 
stresses, analysis of 48-88 et seq 
types of 43-26 
Trussed timber beams 48-34 
Trusses, timber, in a mine 10-166 
Truss-sets in stopes 10-222 
Tubbing of shafts 7-21 
Tube-mills 83-11 
Tubes, condenser 40-19 
Tubing anchors in oU wells 40-16 
flexible, for ventilation 6-21 
oil-well 9-28, 44-16 
oapao of 44-06 

Tubing-catcher in oil wells 44-16 
Tuff 2-03 

Tumblers, dredge 10-582 
Tung ar rectifier 48-84 
Tungsteti carbide boring bit 10-68 


Ttmgsteii ere, mining 10-245 
by glory-hole 10-463 
prices of 85-88 
ores of 2-27 
sale of 88-17 

Tunnel for coyote blast 5-18 
method of glory-holing 10-463 
mining 10-03 
rights 84-07 
CaUf 84-15 
site, survey of 17-67 
Tunnels, blasting in 4-23 
drainage 10-84 
examples of 6-02 et eeq 
exploration by 10-76 
hydraulic-mining 10-551 
mucking rates 6-19 

Turam elec prospecting method lO-A-18 
Turbidity of water 88-87 
Turbine state line 40-08 
Turbines, steam 45-15 
Turbo agitator 38-17 
blowers 15-80 

Turbulent flow of liquids 88-18 
Turf shaft, hoisting 12-59 
refrigerating 14-60 
Turned-vertical shafts 10-86 
Turning point in leveling 17-85 
Turnouts from ditches 38-27 
in mine drifts 10-221 
RR, cost 17-68 

Tumsheets in mines 11-23,87-89 
Turntables in mines 1 1-23 
Turquoise, occurrence of 2-32 
Turret coal cutter 16-16 
Turtle Mt landslide 10-527 
Twin-cable tramways 26-34 et aeq 
Two-cycle engine cards 40-39 
Two-phase a-c generator 48-16 
elec system 48-15 

Two-stage compressors, formulas 39—14 
hoisting 12-05 

Tyler screen series 81-03 
Typhoid 28-34 


Uintaite 2-31 
Ultimate strength 43-02 
Ultra-violet light, testing by 10-25 
Umber, nature of 1-61 
Umeco loader 27-11 
Unbalanced hoisting 12-02 
Unconformities in rocks 2-16 
Undercurrents 10-669 
Undercut gate 27-36 

Undercutting for block-caving 10-346, 10-361, 
10-362, 10-364, 10-360, 10-362 
Humboldt mine 10-386 
Silver Dyke mine 10-388 
Underground diamond drilling 10-66 et teq 
haulage 10-89 
magazines 4-18 

metal-mining method, choice of 10-428 
quarries, blasting in 6-26 
sampling 86-18 
tramways 86-80 
water in shaft^einking 8-02 
wiring 16-56 et aeq 
Underhand square-set stopes 10-210 
stoping 10-124, 10-127, 10-151 et aeq 
summary 10-197 
Underlie, angle of 10-162 
Unemployment comp laws 88-04 
Unfair labor practice 88*16 
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Union Mini^re du Haut Katanga, accounU 

ai-32 

of M, M & 8 Workers 22-16 
Tool Co, rotary drill • 9-16 
Uniontown coal basin, pumping 13-14 
Unit stresses in headframes 12-69 
United States Bureau of Mines publications on 
health and safety 28-62 
Coal <fe Coke Co methods 10-488 
trolley locos 11-41 

coal mines, fatality rates 28-81 et aeq, 23-87 
non-fatal accidents 28-31 
coke statistics 85-80 
Geol Surv maps 25-03, 26-04 
Land Dept 24-12 
mine, fnech loading 27-80 
mineral production 26-24 
mining laws, sources 24-08 
summarized 24-18 et $eq 
theory 24-05 
power statistics 40-08 
prices of metals, etc 25-24 
Public Lands 17—80 et aeq 
standard screens 31-08 
Steel Corp, stock-purchase plan 22-08 
United Verde Ext mine, drift lagging 10-108 
enriched zone 10-20 
Mitchell slicing 10-231 
timber bulkhead 10-108 
tunnel, guniting 6-25 
United Verde mine, air-drill testa 15-85 
bonus system 22-08 
calyx drill in winzes 10-121 
core recovery 9-56 
diamond drilling 9-58, 10-35, 10-67 
drift lagging 10-108 
drift round 10-100 
filled flat-back stope 10-248 
filled rill stope 10-273 
open-pit mine 10-441 
sorting 10-471 
raising practice 10-118 
shaft-sinking 7-12 
cost 7-25 

shrinkage stope 10-277 
subsidence 10-526 
timlier treating 10-236 
top-slicing 10-320 
trolley locos 11-41 
ventilation 14-06 
Universal coal cutter 16-16 
Unloaders, air-compressor 16-18 
coal-car 34-31 

Unoxidized vein minerals 1-10 
Unwatering mines by air-lift 15-47 
by elec pump 1^16 
Uranium, ores of 2-27 
testing for 10-24 
Uses for bituminous coal 86-4>8 
of coking by-products 86-88 
for explosives 4-09 
of minerals 1-12 
Utah Copper Co, accounts 21-27 
block-caving 10-368 
borehole estimates 10-76 
borehole record 10-63 
churn drilling 10-69 
churn-drill samples 10-^6 
open-pit mine 10-440 
tramming 11-33 
homestead entry 24-12 
ref to mining law 24-18 
Utica Ext mine, scraping 10-419 
top-slicing 10-308 


Utica mine, toiHdicing 10-308 


Vacuum in steam condensers 40-18 
Valences of elements 87-02 
Vallecito-Westem drift mine 10-609 
Valleys, tramways over 26-16 
Valmont dike, mag survey 10-A.-07 
Valuation of mines 26-02 et aeq 
of prospects 26-27 
for tax depletion 20-25 
Value of money at interest 46-53 

of ore, estimating from boreholes 10-71 
Values in placer gravel 10-537 
Valve gear of steafii hoists 12-61 
Valves, air-compressor 15-17 
hammer-drill 16-34 
loss of head in 88-12 
in pipe lines 38-23 
pump 40-81, 40-38 
Vanadium, ores of 2-27 
Van Dyke shaft, sinking 7-05 
Vane feeder for coal 86-04 
Vanning assay 31-11 

Van Ryn Deep mine, pancake column 10-148 
stoping 10-147 
Vapor tension 39-24 
Vapors, properties of 89-24 
Variable-speed d-c motors 42-11 
V-body mine car 11-04 
V-cut round in shafts 7-07 
tunneling 6-08 
Vector diagram 86-29 
Vegetation as guide in prospecting 10-24 
Vein models 19-09 
Veins 10-03 

dip and strike 10-28 
exploration of 10-76 
lateral development in 10- 82 
narrow, cut-and-fiU stoping 10-238 
open-cut mimng 10-431 
open underhand stoping 10-151 
overhand stoping 10-160 et aeq 
ore, minerals of 1-10 
pitching, mode of entry 10-81 
secondary, extralateral right 24-25 
uniting, locating on 24->10 
wide, open underhand stoping 10-164 
Velocities, allowable, in pipes 4f>-22 
Velocity 36-49 

of air current49, measuring 14-21 
of apprbach, hydraulic 88-09, 88-10 
of coal-dust explosion 28-46 
of mine air currents 14-09 
staging of turbines 40-16 
of streams 10-665 
of water in ditches 88-26 
measuring 36-29 et aeq 
of waves lO-A-21 

Velometer for air measurements 14-22 
Vena contracta of jet 88-07 
Venezuela, well-logging lO-A-20 
Ventilation of change houses 22-21 
at colliery fires 23-62 
control of, by analysis 28-29 
of loco motors 16-18 
mechanical 14—39 et aeq 
metal-mine 10-89, 10-92 
of mines 14-U2 et aeq 
personnel 14-06 
of raises 10-116 
restoring In fire area 28-62 
during shaft-sinking 7-11 
sub-level caving 10-329 
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VentitatiOB in top-sUoing 10-302, 10-810 
in tunnels 6-05, 6-20 
Venturi meter for comp air 16H19 
for gases 

water meter S6»S0 
Vermiculite, nature of 1-51 
Vermilion Range, sub-level caving 10-334 
Verniers 17-08 et ieq 
Vertical angles, by stadia 17-43 
chutes for anthracite 84-85 
distances, computing 18-18 
shafts, mucking in 7-10 
skip dumping 12-113 
sideline agreements 84-87 
sinking pumps 40-38 
skips 12-110 
Vert-face slope 10-208 
Vert-shaft pockets 12-121 
sets 7-13 

Vesicular fillings 10-16 
Vezin sampler 89-06 
Vibrating screens for coal 84-17, 80-06 
Victoria deep leads, mining 10-613 
dredging 10-698, 10-599 
mine, diamond drilling 10-36 
filled nil slope 10-264 
raise round 10-113 
View finders, aerial 17-49 
Village Deep mine, cooling 14-57, 14-68 
shaft pocket 12-122 
ventilation 14-06 

Village Main Reef mine, sand filling 10-423 
Vinegar Hill Zinc Co, breast sloping 10-140 
Vipond mine, drifting practice 10-99 
Viscosity, absolute 38-08 
of gases 40-81 
of lubricants 41—12 
of mud fluids 9-19 
of water 40-88 
Visor gear for hoisting 12-118 
Vissac coal*cleaning jig 35-19 
Vitrified tile pipe 88-81 
Vlakfontein shaft, sinking 7-30 
Voids in hard rock 5-02 
in sand and gravel 3-03 
Volatiles in coal, determination 30-80 
Volcanic exhalations, minerals of 1-11 
Volt 48-08 

Voltage for a-c generators 48-16 
for d-c motors 48-11 
for mine^ service 16-08 
of power stations 48-85 
on synchronous motors 48-18 
Voltmeter 48-07 
Volume of air in mines 83—19 
of comp air for hoisting 12-64 
Volumes, by calculus 36-87 
Volumetric eflBc of compressors 15-05, 39-10 
ventilators 14-43 
Volunteer mine, blasting 10-435 
transport 10-434 
Volute pump 40-34 
data on 13-12 

V-^ystem of coal mining 10-510 
Vulcan Iron Wks hoisting cage 12-98 


Wabana iron deposit 2-22 
WachttS«tt<Coldbrook tunnel 6-19 
Wad, nature of 1-61 
Waddle fan 14-40 
Wager Bradford monorail 10-416 
Wages, Alaska Treadwell 81-18 
anthracite mining 88—19 


Wages, Chinese in Malaya 10-630 
of comp-air workers 8-14 
Goldfield, Nev 81-08 
methods of paying 88-10 
miners* 38-08 
in mining agreements 88-16 
rates, influence on mechanisation 87-<08 
sliding scales 88-06 
S £ Missouri 21-86 
Trail, B C 88-17 
tunneling 6-27 et aeq 
Wagner Act 88-15 
Wagon breast 10-481 
drill 5-08, 15-38 

New Cornelia mine 10-448 
haulage, open-pit iron mines 10-436 
roads, cost of 17-63 
Wagon-mounted drill 5-68, 16-38 
Wagons, haulage in 3-06 
power-drawn 3-07 
in rock excavation 5-23 
Wahlen manometer 14-24 
Waihi mine, pillar mining 10-239 
Waiving extralateral rights 84-26 et aeq 
Wales, coal mining 10-504 
Walker detaching hook 12-116 
mine, shrinkage stoping 10-283 
Walling crib 7-21 
Walls, retaining 43-19 et aeq 
square-set support 10-221 
supporting in stopes 10-153 
thermal resistance of 88—87 
Ward type of Empire drill 9-07 
Ward-Leonard elec hoist 12-69 
hoist control 12-42, 12-43 
system 42-13 

Warning boards in mines 28-36 
Warrington wire rope 12-20 
Wasco oilfield, bit performance 9-21 
degassing mud 9-19 
Wash houses 28-21 
Wash-boring 9-02 
Washers, dragline dredge 10-601 
for wood-work 48—37 
Washery water, clarifying 35-86 
Washing gravel, drift mines 10-607 
before hand sorting 28—17 
Washington coal mining 10-601, 10-603, 

10-609 

NE, diamond-drilling 10-66 
ref to mining law 84—18 
Waste, dumping by tramway 26-44 
filling with 10-248 

shrinkage stopes 10-277 
from hand sorting 88-17 
handling of 10-164 

in underhand stopes 10-163 
packs, Rand 10-149 
Wastes, domestic 22-30 
Wasteways for ditches 38-87 
Water for anthracite washing 84-85 
for assaying 30-05 
boiling points of 87-06 
in comp air 15-87 
compressibility of 88-02 
consumption 88-88 
of steam locos 11-36 
for diamond drills 9-62 
discharge, formula 88-30 
by giants 10-564 
effect on sp gr of rocka lO-A-31 
erosion by 2-16 
explosion-barriers 28-48 
for flotation 31-15 
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Water flow through orifices 88-OT 
for gravity stamps S8-18 
ground- 2-19 

for hydraulic elevators 10-573 
for hydraulic mining 10-661 
level, effect on ore enrichment 10-19 
measuring 88-88 
Lilly shaft, Nev, cost 7-26 
measuring 40-45 
meters 38-80 
mine, sources of 13-02 
as mineralising agent 10-06 
press, by calculus 86-8T 
regulating 83-51 
for wet drills 15—88 
purification of 82-87 et seq 
rate of engines 89-16, 40-17 
for rheolaveur washers 85-18 
rights 84-11 
notice of 25—07 
rings in shafts 13-04 
shaft-sinking 7-13, 7-21 
for rocking placer gravel 10-539 
for rotary drilling 9-16 
sands, temp survey lO-A-28 
in shaft-sinking 7-04 
for sluices 10-564 
for steam condensers 40-19 
storage 88-33 
in subsided areas 10-531 
supply 88-32 
for thawing gravel 10-617 
thrown by nozcles 28—51 
vapor in air 39-23, 39-84 
viscosity of 38-08, 40-88 
weight of 38-08 
wheels 40-23 tt seq 

Waterbearing ground, shaft-sinking in 8-02 
et aeq 

Water>cooled furnace walls 40-18 
Water>flooding of oil sands 44-82 
Water-gage in ventilation 14-23 
Water-hammer 38-21 
Water-lime 2-29 
Water-tube boilers 40-10 
Watt 42-08 

Watt-hour meter 42-08, 42-31 
Wattmeter 42-07 
Waves, explosion 23-44 
Weak ore, stoping method 10-244 
Wear in chutes 10-407 
on cone crusher 88-10 
of diamonds in drilling 9-65 
on hoisting ropes 12-26 
on tramway cables 26—17 
Weathering of minerals 10-16 
products of 2-09 
of sulphide ores 10-17 
Weber 42-02 

Webster firedamp indicator 88-28 
Weddle’s rule for areas 86-18 
Wedge-cut round in shafts 7-07 
in tunneling 6-08 
Wedges, mensuration of 36-14 
Wedge-wire screen 85-28 
Wedging crib for shaft tubbing 7-22 
Week, working 28-08 
Weeks manometer 14-24 
Weg oxygen apparatus 83-55 
Weighing moisture samples 29-08 
ore samples 29-09 
Weight of a-c generators 42-17 
of air 28-02 
of assay sample 30-05 


Wei|^t of cone crushers 28-09 
’ of crushing rolls 28-11 
of drill steel 5-04 
of explosives 4-12 
of gaseous mixtures 14-25 
of gases 89-28 
of gravity stamps 28-18 
of gyratory crushers 88-08 
of hoisting cages 12-101 
of hoisting drums 12-13 
of hoisting sheaves 12-18 
indicator, oil-well drill 9-23 
of jaw crushers 28-03 
of materials 12-133, 48-^6 
of minerals and rocks 25-41 
of rocks 5-03 

of sample of gold ores 89-08 
of skips 12-116 
of soils 3-03 

of steam hoists 12-49, 12-50 
of steel rails 11-16 
of storage batteries 42-86 
of water 37-07, 88-02 
of wire rope 12-22 
Weighting of pneumatic shafts 8-13 
Weights, assay 30-04 
Malayan 10-629 
and measures 45-48 et aeq 
metric 46-47 
Weir gage 88-82 
Weirs, flow of water over 88-09 
Weisbach shaft-plumbing method 18-19 
Welded connections 43-49 
pipe, listed 41-15 
rail bonds 16-07 
steel pipe 38-18 
Welding drill steel 5-06 
mine cars 11-14 
steel rail 11-15 
Well borer 9-03 

logging, electrical lO-A-19 
Wellhouse treatment of timber 43-88 
Wells with air-lift pumps 16-46 
measuring depth of 9-30 
Well-sinking, blasting for 4-24 
Wcnner resistivity method lO-A-13 
Wesselton diamond mine 10-392 
Western Australia, handling ore in 10-164 
prospecting 10-32 
spacing of winzes 10-91 
West Durham pillar robbing 10-503 
West Uganda, prospecting in 10-32 
West Va coal mining 10-484 
Western Mesabi Range, haulage 10-435 
Westfalia oxygen apparatus 28-65 
Weston normal cell 48-02 
Westphal balance 1-06 
Wet blasting, caps for 4-27 
and dry anthracite preparation 84-07 
elec batteries 42—36 
gold-silver ores 2-24 
preparation of anthracite 84-08 
rock drills 15-88 
Wet-cleaning of coal 86-15 et aeq 
Wetting of coal dust 28-47 
Whaley automats 27-06 
Wheel bearings, mine-car 11-09 
gage, mine-car 11-12 
motion, analysed 86-58 
scrapers 3-08, 3-14 
Wheelbarrow 3-06 
Chinese 10-623 
loading of sluices 10-543 
in rook Arcavatioj» JS-23 
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Wheelbarrow underground 11-03 
work in drift minee 10-611 
Wheeling Twp Coal Mining Co 10-404 
Wheels, car, adhesion of 11-36 
mine-car 11-08, 11-11 et ieq 
for mine skips 12-109 
Whetstones, nature of 2-28 
Whim, hoisting with 12-67 
shaft-sinking 7-03 
Whistle-pipe sampler S9-04 
Whitedamp, composition 88-06 
Whitehead double-telescope transit 18*18 
Whiting hoisting system 12-03 
Whitney self-oiling wheel 1 1-1 1 
Whitton’s mercury assay 8(^19 
Wide orebodies, filled stopes 10-247 ei aeq 
outcrops, locating on 84*84 
Width of stope 10-126, 10-132 
Wild Goose drift mine, Alaska 10-611 
Mining Co, hydraulic elevators 10-673 
Willans* lines for steam engines 40*17 
Wm Penn coal stripping 10-469 
Willow Cr, Alaska, dragline placer mining 
10-549 

WUmot Hydrotator 84-18 
Winches, dredge 10-683 
Wind, effect on ventilation 14-88 
erosion by 2-17 
load on trusses 43—87 
press on headframes 12-62 
on roof truss 43-58 
Windlass buckets 12-92 
hand 12-67 
shaft-sinking 7-03 
Windows for buildings 43-48 
Wing chutes 10-203, 10-212 
Stulls 10-164 
Winze 10-03 
Winzes 10-1 19 et aeq 
hand drilling in 10-119 
spacing of 10-91 
sunk with Calyx drill 10-121 
va raises 10-120 
Wire circuits, calculating 16-04 
for elec transmission 48*86 
gage standards 41—19 
gages, U S 48-05, 48-06 
high-resistance 48-06 
hoisting ropes 12-19 et aeq 
pack, Rand 10-149 
rope, sectional areas 12-24 
Wire-rope drives 41-11 
Wire-rope hoisting guides 12-83 
Wires for electric blasting 4-30 
in shaft plumbing 18-16, 18-80 
Wiring of buildings 48-80 
for coyote blasts 5-18 
for electric blasting 4-20 
underground 18-06 et aeq 
Wisconsin Employment Peace Act 88*16 
lead-zinc deposits 2-24 
mineral lands 24-11 
SW, churn drilling 10-66 
zinc diet, cost of shafts 7-26 
mining methods 10-140 
line mine, gasolene loco 11-38 
Withdrawsls of public lands 84*18 
WitwaterSrand Deep mine, sand filling 10-424 
Wolf methane detector 88*88 
safety lamp 83-84 
Wolverine mine, open stoping 10-174 
Wood, avoiding in King mine 10-369 
models of mines 19-09 
piles 48*09 


Wood pipe 88*19 
sheet-piling 8-03 

Woodbury shaft, Mich, sinking 7-00 
Wooden cars 11-03 
gears 41-03 
guides 12-82 
headframes 12-66 et aeq 
hull for dredges 10-681 
pulleys 41-08 

Woodford elec haulage 10-434 
Woods, classification of 43-30 
Wood-stave pipe for flushing 10-616 
Woodward Iron Co, overhand stoping 10-170 
scraping 10-419 
Work 36-68 

of compressors 39-09 et aeq 
cycles 39-03 
diagram 36*68 
equations for 39*08 
Working faces, air currents in 14-10 
hours, anthracite mines 38*19 
places, ventilation of 14-06 
season, hydraulic mining 10-662 
shaft, sinking in 7-11 
stress, defined 43-03 
Worm gears 41-08, 41-08 
Worthington compressor 15-17 
Wound-rotor motors, cost 16-88 
for hoists 12-43 
Wounds, treating 23-63 
Wright-Hargreaves mine, filled rill stope 
10-263 

overhand stoping 10-166 
raise round 10-113 
shrinkage stoping 10-278 
Wrought iron, properties 43-48 
Wrought-iron pipe 38-18 
Wuensch coal-cleaning method 85-19 
Wurtzilite 2-31 

Wyandotte Cr, Cal, dragline dredging 10-604 
Wyoming coal mining 10-496 
cost of oil wells 9-37 
dragline placer mining 10-647 
ref to mining law 24-18 
Wyoming valley mines, pumping 13-14 


X-ray mineralogy 1-00 


Yellow Aster mine, bore testing 10-66 
“Yellow dog’* contracts 28-15 
Yellow fever 88-34 
Yield, aver, of coke 35-30 
daily mining 20-04 
point 43-08 
Y-level 17-08 

Young’s modulus lO-A-21, 48-08 
Yuba Mfg Co dredges 10-578 et aeq, 10-690 
Yukon Cons Gold Corp, dredging 10-694 
thawing frozen gravel 10-617 
Yukon, duty of water 10-666 
Gold Co, steam thawing 10-617 
Terr, mining law 84-88 


Zacatecas, Mex, glory-hole mining 10-462 
Zaruma, Ecuador, concrete shaft sets 7-19 
Zeche Radbod mine, refrigerating 14-61 
Zenith mine, Minn, shot-boring 9-62 
Zimmermann’s fault rule 2-14 
Zinc chloride as timber preservative 10-236 
dust, precipitation on 83-84 
ores 2-23, 2-24 
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Zinc orefl, suAaying SO-IS 
sale of 8S-16, 88-16 

penalty for 88-^ 

precipitation from cyanide sols 88-08, 
88-00, 83-88 et seq 
shavings, precipitation on 88-08 
Wis, mining methods 10-140 


Zine-Unnin teentmeat of timber 48-88 
Zirconium, source of 8-27 
Zonal distribution of ores 2-19 
Zone, circular, area of 86-18 
spherical, mensuration of 86-16 
Zones, crystal 1-03 
Zoning in ore enrichment 10-80 









